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This study will investigate intellectual property (IP) issues that hinder or halt the implementation of closed-loop circular 
economies such as risk of knowledge1 leakage, spill-overs, identification and articulation of IP in licensing agreements 
relating to recycled products etc. It will subsequently investigate the conceivable ramifications to the innovation ecosystem 
of the world, primarily India, due to concerns arising out of IP enforcement. It has been a long held belief that constructive 
IP regulations can contribute enormously towards the creation of sustainable development ecosystem, and therefore, the 
researchers will delve into innovative IP reforms, such re-defining the contours of intangible property in private law and 
methods avoid IP spill-over, leakage etc., which can help fill gaps on the path of creation of sustainable circular economy 
across the globe.  
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The world's resources are harvested, used up, and then 
discarded because of the economy's reliance on a 
linear paradigm of production and consumption. Of 
the 100 billion tonnes of resources used annually, 
more than 90 percent are lost to landfills and 
incinerators.2 Inefficient resource use drives pollution, 
climate change, and biodiversity loss. Extracting and 
processing resources accounts for 50% of carbon 
emissions and 95% of terrestrial biodiversity loss.3 
Hence, it is imperative to emphasize the necessity of 
implementing systemic alterations in the manner in 
which the human population harnesses and exploits 
natural resources. The imperative to transition into a 
circular economy (CE) arises from the confluence of 
environmental imperatives and economic prospects. 
On one hand, it is imperative to acknowledge that the 
global population is experiencing a rapid growth 
trajectory, thereby exerting significant strain on the 
utilization of natural resources.4 While truth of the 
matter is quite the contrary as circular economy 
presents a worthy opportunity due to its substantial 
potential in facilitating the emergence of innovative 
business models. 

The precise delineation of a circular economy 
remains subject to debate; however, it is commonly 
understood as a system that generates value by 
decreasing the need for new inputs and increasing the 

efficiency of existing ones through the slowing, 
closing, and narrowing of material and energy loops. 
Longevity in development, servicing, repair, reuse, 
remanufacturing, refurbishment, and recycling all 
contribute to this goal. The fulfillment of this objective 
can be achieved through several means. Firstly, by 
implementing design strategies that prioritize 
durability, the rate of material flow within the economy 
can be decelerated. This is accomplished by extending 
the lifespan of products, thereby reducing the 
frequency at which new materials are required. Second, 
avoiding non-renewable energy and materials helps 
natural systems regenerate. Additionally, renewable 
resources must be preserved or improved. Substituting 
fossil fuels with renewable energy and restoring soil 
nutrients promotes natural ecosystems. Furthermore, it 
is imperative to ensure that all materials circulating 
within the economy are non-toxic and pose no harm to 
individuals or the environment. Third, reducing of 
material flows can be accomplished by adopting a 
"more with less" approach. This entails altering 
consumption patterns in a manner that allows for the 
delivery of equivalent services with reduced material 
inputs. Strategies such as leasing, renting, and 
digitizing services contribute to this objective. Lastly, 
the integration of circularity principles necessitates the 
reintegration of materials into the economy at the 
conclusion of their life cycle. This can be achieved 
through various practices, including reuse, repair, 
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refurbishment, remanufacturing, and recycling. By 
implementing these measures, the circular economy 
can be effectively realized. The escalating supply-chain 
volatility and susceptibility to disruptions, stemming 
from heightened geopolitical tensions, the COVID-19 
pandemic, and severe weather occurrences, have 
prompted various stakeholders, including governments, 
industries, businesses, and international organizations 
to acknowledge the circular economy as a practical 
means of accomplishing environmental objectives and 
mitigating the repercussions of supply-chain shocks.  

The recognition of the circular economy as an 
imperative for effecting a transformative shift is 
steadily growing. In November 2022, the European 
Commission adopted measures proposed in their most 
cherished circular economy action plan.5 Many rules 
exist with the objective of achieving carbon neutrality 
by the year 2050, such as on packaging, packaging 
waste, a biodegradable, and compostable plastics, 
eco-design for sustainable goods, garbage shipping, 
etc. Towards the same, a preliminary agreement for 
an EU Carbon Border Adjustment Mechanism 
(CBAM) on imported products such iron and steel, 
cement, aluminium, fertilizers, power, and hydrogen 
was reached in December 2022. The concept of 
circular economy is not new and Japan, so far as in 
2000, had in place a legal framework for a circular 
society such as law for Establishing a Recycling-
Oriented Society which established the principle of a 
waste hierarchy. Also, in the year 2001, the Law for 
the Promotion of Effective Utilization of Resources 
which required businesses to considerrecycling  
at the designing and manufacturing stages itself. 
This trend is diligently followed by developed  
nation currently. 

From the outset, the policies to create a global 
circular economy give a rosy picture of reclaiming the 
clean environment but it will give rise to new 
problems. Restrictions on free trade due to measures 
like green border tax & achieving economies of scale, 
intellectual property issues of owning and sharing 
emerging technologies for manufacturing recycled 
products, competition distortion as the innovation 
ecosystem will consist of a very few giants of original 
equipment manufacturing sector. This certainly gives 
rise to a presumption that these policies will have 
extra-territorial impact on production operations in 
the developing countries since the global west is their 
major trading market. However, this research will be 
restricted to IPR issues related to circular economy. 

IPR and Circular Trade- Pathbreaking or 
Catastrophe 

Sustainable product innovation manifests as new, 
marketable goods that either individuals or businesses 
may use to begin more ethically sourcing their goods 
and services. Products like solar panels and LED 
lights address the environmental and economic 
dimensions of sustainability, while others, like the 
Dutch Fair Phone, try to address both. 

Innovations in sustainable processes aim to 
improve manufacturing and management procedures 
so that they have a less environmental impact. Within 
the framework of the circular economy, which 
encourages recycling and upcycling, one example is 
the shift toward greater energy efficiency. While most 
process innovations are created and implemented 
inside a single company, sustainable process 
innovation often involves numerous companies 
working together throughout a value chain.  

With regard to promoting and aiding the successful 
implementation of the circular economy, intellectual 
property rightsplay a vital role, a transformative 
economic model aimed at achieving sustainable 
resource management and reduced environmental 
impact. The circular economy seeks to get away from 
the linear "take-make-dispose" model by prioritizing 
resource conservation, waste reduction, and the 
continual recycling and reusing materials. In this 
context, IPR serves as a powerful driver of innovation 
and investment in circular technologies, processes, 
and products.6 The protection of IPR, including 
patents, copyrights, and trademarks, encourages 
organizations and resourceful individuals to put 
money into R&D, which leads to creation of resource-
efficient technologies and sustainable production 
methods.7 Patents, in particular, offertime-limited 
monopolies that provide inventors and businesses 
with the confidence to recoup their investments and 
further develop their innovations.8 This exclusivity 
encourages the development of cutting-edge solutions 
critical to the circular economy's success. 

IPR also fosters collaboration and knowledge-
sharing within the circular economy domain. By 
providing legal protection and recognition of 
ownership, IPR encourages businesses to engage in 
licensing and cross-licensing agreements, enabling the 
transfer of knowledge and accelerating the adoption 
of circular practices across industries.9 IPR also plays 
a pivotal role in encouraging the "design for 
recycling" approach. By granting protection to 
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innovative designs and processes that enable easy 
disassembly, reuse, or recycling, IPR fosters the 
adoption of circular design principles across 
industries.10 Manufacturers are thus encouraged to 
create products which could better achieve the 
sustainability goals of the circular economy. 

 
IP Hurdles and the Circular Economy 

Despite the fact that intellectual property supports 
the growth of circular economy business models that 
emphasize on resource efficiency and lifespan 
extension, it is essential to address prospective IPR 
challenges with regard to circular economy. The 
dissemination of knowledge and the development of 
circular technologies can be hampered by excessively 
restrictive intellectual property policies.11 Critics 
argue that IPR, such as patents, trade secrets, and to 
some extent copyright, hinder the progress of 
sustainable development and create barriers to the 
swift distribution and adoption of novel concepts.12 

The following are the challenges. 
 

Leakage of Knowledge 
The term "knowledge leakage" refers to the 

unintentional spread of information that was 
originally meant to remain inside the confines of a 
corporation. This occurrence might therefore result in 
a competitive disadvantage.13 The unintentional 
dissemination of information results in the imposition 
of expenses in the form of transactional and 
managerial fees, thereby dissuading enterprises from 
pursuing collaborative endeavours with external 
partners.14 For example, BMW, a prominent German 
automotive company, has demonstrated its 
commitment to the circular economy by creating 
exclusive tools to enhance the efficiency of 
disassembly procedures. This endeavour draws from 
the company's internal expertise on product assembly 
techniques and the materials employed in their 
manufacturing processes. Nevertheless, the 
corporation now only disassembles a small portion of 
the automobiles it distributes worldwide, mostly 
because of the difficulties encountered in retrieving 
and collecting old vehicles that are spread across 
various geographical locations. Although third-party 
recyclers and refurbishers have the potential to 
address the recycling gap, it is possible that 
established manufacturers such as BMW may be 
hesitant to share their important knowledge and 
expertise with external entities. Consequently, this 
reluctance might result in the denial of access to 

proprietary intellectual property rights. BMW serves 
as a representative case study, although it is important 
to note that other firms in various industries, such as 
Apple and Nikon, exhibit comparable operational 
approaches.15 

 
Possible Information Spillovers and Opportunistic Behaviour 

This risk implies “that new knowledge, once 
generated, may be used by agents other than the 
innovator”16, which may lead to a situation 
wherebyone actor derives a greater amount of benefit 
from a collaborative effort compared to its 
counterpart.17 Consequently, organizations that engage 
in research and development collaborations18, face 
opportunistic risks, wherein the sharing of 
information increases the likelihood of unintended 
spillover effects. The magnitude of this risk is directly 
proportional to the level of enforceability of 
intellectual property rights, with weaker IPRs 
amplifying the potential for involuntary spillovers.19 

This stands true for cooperative as well as co-petitive 
environments. Furthermore, among technology-based 
co-petitions, these opportunistic threats have the 
potential to give rise to co-petitive conflicts, so 
placing the coopetition at risk due to shared 
presumptions of malevolent motives.15 Consequently, 
this results in the emergence of intricate contractual 
agreements within alliances20 sojeopardizing the 
implementation of essential innovative technologies 
in areas such as recycling, refurbishing, and related 
domains.21 

 
Ineffective IP Management and Strategic Thinking 

Effective sharing of intellectual property 
necessitates the implementation of appropriate IP 
management strategies, particularly in competitive 
environment.22 Effectively managing uncertainties 
associated with intellectual property poses a 
significant barrier in the widespread deployment of 
remanufacturing activities within the sector.23 This is 
also argued by those who contend that “successfully 
implementing the circular economy also requires 
access to existing IPR assets through technology 
transfer”.24 Hence, it is imperative for the successful 
execution of a circular economy that there exists 
coordination and cooperation among the stakeholders 
engaged in the supply chain, encompassing both the 
upstream as well as the downstream sectors. 
Nevertheless, the management of intellectual property 
rights presents uncertainties that might potentially 
impede the realization of the circular economy. The 
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lack of internal expertise and experience poses an 
additional obstacle for small and medium-sized firms 
when it comes to efficiently and strategically 
managing their intellectual property. This challenge 
becomes more pronounced when partnerships occur 
between partners with uneven resources and 
capabilities. Also, if the top management doesn't 
understand the idea of "corporate entrepreneurship," 
they might not give projects that fit with this idea, the 
importance they deserve. Consequently, they may 
allocate less resources towards research and 
development (R&D) activities aimed at fostering 
relevant innovations.22 This difficulty is exacerbated 
when the environmental repercussions of linear 
economic models are not taken into account.25 

 
Ambiguityon IP Ownership and Lackof Available Resources 

An additional issue pertaining to intellectual 
property involves the ambiguity surrounding 
ownership of intellectual property rights.26 The 
ownership of different parts of a recycled component 
becomes unclear when it involves intellectual 
property from multiple actors.27 The aforementioned 
principle also extends to intellectual property in the 
form of data associated with specific equipment, 
which is shared and utilized by multiple users.In 
addition, new participants encounter the difficulty of 
possessing limited intellectual property rights assets, 
capabilities, and resources to distribute their IPRs. 
Companies often encounter challenges related to 
insufficient information, knowledge, technologies, 
and technical skills.28 

 
Stringent IP Control Mechanisms 

Firms demand IP protection to stay competitive.22 
Consequently, incumbent firms may opt to withhold 
access to their private intellectual property, impeding 
or even obstructing the general implementation of 
circular practices, rather than disseminating their 
valuable expertise to others.26 It is noteworthy to 
mention that in the absence of legislative mandates, 
originalequipment manufacturer (OEM) exercise 
control over the extent to which third parties can 
engage in circular activities through their product 
designs.29 The detrimental nature of this issue arises30 
from the significance attributed to collaborative 
product designs within the plans of enterprises aiming 
to effectively embrace the abstraction of circular 
economy. In addition, IP holders employ various 
strategies to mitigate opportunistic behaviour. These 
strategies include the implementation of license 

clauses31, patent fences, and cross-licensing 
agreements. In addition, they utilize restrictive license 
agreements with their customers25 or conditioned 
sales contracts, which may ultimately prohibit certain 
activities such as repairs, disassembly, and the use of 
non-OEM parts. 

 
Ambiguity in Interpretations 

There is much uncertainty pertaining to the extent 
to which end-of-life solution providers can indulge in 
circular activities without infringing patents.16 This is 
a genuine rational fear as IP laws are “meant to 
preventively hinder reconstruction of protected 
work”. Indeed, refurbishing or remanufacturing might 
be perceived as a type of "replication" in a larger 
context. In the context of a legal suspension in a court 
of law, the central inquiry often revolves on whether 
the action in issue may be deemed as a kind product’s 
maintenance or repairing within its anticipated 
lifespan, as opposed to the creation of a patentable 
product.Once the activity is classified as a 
reconstruction or modification, it immediately is an 
infringement of the patent. 

Achieving a harmonious equilibrium between 
safeguarding innovation and facilitating the 
dissemination of information is of utmost significance 
for the efficacy and triumph of circular economy 
endeavours. Moreover, the existence of patent 
thickets, characterized by the ownership of many 
patents pertaining to comparable technologies, can 
give rise to obstacles for new market entrants and 
impede the progress of innovation.It is imperative for 
policymakers to deliberate on strategies aimed at 
effectively addressing the issue of patent thickets and 
guaranteeing that intellectual property rights do not 
impede the progress of circular economy principles. 

 
Towards Utilizing IPR to Promote the Transition 
to Sustainability: Additional Research and the 
Future 

By raising an appetite to license and enhancing the 
function of patents as a knowledge repository, IPR 
may play a significant role in aiding the transition 
needed to transform industrial sectors towards 
sustainability through creative means of production. 
Better matching of the IPR with the present 
innovation demands of the manufacturing business 
can go a long way toward transforming the 
manufacturing sector. It is necessary to inquire into 
the kinds of cooperation modes which are most 
effective in driving sustainability transitions in 
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manufacturing and how IPR systems might be built to 
facilitate this. Competition supporters usually argue 
for a fair and equal environment where the best idea 
wins. In environmental policy, this means steering the 
winning solution toward sustainable production. Since 
they are pioneers and put pressure on existing 
enterprises, start-up companies are often cited as 
possible catalysts for creative sustainability solutions. 
Start-ups can force automakers to build greener 
automobiles. Start-ups have limited resources, 
technology infrastructure, market capabilities, and 
intellectual property rights. It is hardly incorrect to 
state that larger companies are better at sustainable 
manufacturing. The increasing urgency to address the 
global climate change catastrophe necessitates a focus 
on expediting the transition process. Consequently, a 
crucial inquiry arises for finding the most effective 
approach to foster collaboration between new entrants 
and established entities. The objective of the same is 
to eliminate unsustainable industrial processes and 
replace them with more environmentally friendly 
alternatives. Significant areas of inquiry encompass 
novel procedures and regulatory measures aimed at 
expediting the early transfer of intellectual property to 
enhance the uptake of sustainable technologies among 
competitors. This, in turn, accelerates the pace of 
cumulative technological advancements. Further 
investigation is necessary to determine the most 
effective approach for promoting a greater inclination 
among rivals, both established and emerging, to 
engage in sharing activities, such as licensing. This is 
crucial for enhancing the dissemination of sustainable 
products and technology.  

The inclination to engage in collaboration, 
knowledge sharing, and licensing is also evident in 
the discourse surrounding cross-industry innovation 
and the concept of the circular economy. The act of 
sharing information and resources within the industry, 
both among competitors and across the value chain, as 
well as extending to cross-industry collaborations, can 
be facilitated through various means. One such 
approach involves advocating for the adoption of 
voluntary or non-voluntary licensing arrangements 
that ensure fair and reasonable terms. Additionally, 
the inclusion of grant back clauses, which provide 
incentives for innovators to share their improvements 
with competitors, can further encourage sharing 
within the industry. 

The current study on sustainable manufacturing 
shows that cross-industry approaches benefit several 
industries. These breakthroughs face more challenges 

and cost more than intra-industry developments in 
specialized domains. Concerns arise from industry-
specific terminology and behaviors. The investigation 
focuses on reducing transaction costs for cross-industry 
and cross-country collaboration and intellectual 
property transfer. Experimental action research in firms 
can help control intellectual property commons, 
including rights. This might enhance sustainable 
manufacturing and poverty reduction. Automation, 
textile, chemical, consumer products, and other 
companies use licensing and other methods to share 
sustainable technological knowledge. Instead of merely 
examining tangible assets like cars and bikes, the 
sharing economy research should include intangible 
assets, intra- and inter-sectoral sharing as thesame may 
help governments make judgments and management 
suggestions and build infrastructure to promote 
sustainable manufacturing.  

The Circular Economy research emphasizes the need 
to efficiently manage IP transfers at CE system 
interfaces, especially for new entrants who are indulge in 
loop closing. Researching IP issues in circular economy 
applications is vital and designing regulations to use IP 
systems to support CE procedures is also urgent.  

The aforementioned factors and ongoing discussions 
on the impact of intellectual property rights on 
sustainability transitions in the manufacturing industry 
highlight the continued necessity for more 
comprehensive study aimed at gaining a deeper 
understanding of the implications of IPR systems. 
Further research is necessary to enhance our 
understanding of the influence of intellectual property 
rights, such as patents, trademarks, industrial designs, 
and trade secrets, on the advancement, use, acceptance, 
and dissemination of sustainable technologies. While 
acknowledging the challenges in implementation, it is 
imperative for research endeavours to extend beyond 
the scope of  individual country studies and encompass 
transnational value chains. This broader approach is 
necessary to thoroughly investigate the influence of 
intellectual property rights on sustainable innovation 
and dissemination processes.  

 
Need to Reinterpret ‘Property in Goods’ in the 
Realm of Private Law 

For resolution of ambiguity regarding the 
ownership of IP and confusion between ‘repair’ and 
‘replication’needs reinterpretation of the concept of 
property in goods/technology. 

Environmental law regulates both state-individual/ 
organization relations and individual/organization 
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interactions, although it concentrates on public law. 
This method distinguishes private from public law so 
as to argue that traditional private law systems may 
strengthen the legal framework's circular economy 
promotion.  

Utility theory is the primary IP rights theory since 
it validates physical and intangible property 
ownership. IPR incentives encourage inventors and 
entrepreneurs to produce novel technology. The 
public would profit less. However, social planning 
theory suggests that property and intellectual property 
rights can promote fairness and virtue. Like 
utilitarianism, this approach is teleological but seeks 
to employ comprehensive good concepts beyond 
utility maximization. Utility-based concepts dominate 
European and Western intellectual property laws. 
These concepts support private property rights using 
economic and motivational theory. This strategy 
reduces information and transaction costs and 
collective action issues, enhancing individual 
liberty.32 This owner-centric approach views each 
owner as a "gate-keeper" with rights that bind all 
parties, including third parties. This technique may 
give rise to sustainability and circular economy issues 
since it must prioritize resource optimization above 
owner economic expectations and interests. In 
contrast, private property is based on morality since 
people have freedom and a social obligation to others. 
If one chooses any of these 'just society' 
interpretations, private property can be imagined in 
light of social planning theories. 

Understanding the property law regime, and in 
particular the act of leasing, which gives a relevant 
example, is necessary for comprehending the rights of 
the parties in licensing of IPR and its drawbacks. 
Product-service systems (PSS)33 are used to illustrate 
these points since they are an example of an engaging 
business model in the setting of the CE.34 However, 
this study is not concerned with every possible 
combination of material goods and immaterial 
services. The provision of useful services is our 
primary concern. 

Please note that this article only covers some 
intangible commodities and services and their 
combinations. The research focuses on use-oriented 
services. In use-oriented services, “the traditional 
product still plays a central role” and “the product 
stays in ownership with the provider, and is made 
available in a different form, and sometimes shared by 
other users.”35 The customer does not own the goods 
in this scenario and has limited proprietary 

rights. Product leasing, including PSS, has 
environmental advantages, hence these two economic 
models—Circular Economy and PSS—are linked. It 
is feasible to fulfill a given demand with fewer items, 
and profit and output volume do not follow the usual 
linear model. PSS thus encourages producers to make 
durable goods. PSS have the ability to create a more 
eco-friendly and efficient economic system.36 The 
downsides to this, which should not be ignored, are 
that PSS is typically legal in nations which have a 
sparse lease regulations since it is consistent with the 
principle of contract freedom. 

Customers' decisions may be influenced by a 
number of circumstances, but reasonable customers 
will take into account the difference in legal standing 
between a lessee and an owner. For example, a 
customer (a lessee) cannot transfer ownership over to 
someone else, but the buyer can. The categorization 
of the lessee's right might be as either an obligatory 
right or a non-proprietary right, which does not have 
the same level of protection as ownership, a right in 
rem.37 The justification for limiting the right to use in 
various countries has predominantly relied on 
utilitarian theories on the concept of property, while 
mainly disregarding sustainability issues. In many 
countries, the traditional view is that the best way to 
distribute resources in a market-based economy is to 
make sure that the new owners have the very few 
restrictions on their ownership rights.38 Two primary 
approaches have been employed to address the 
dispute thus far: 1) the lessee's right is considered an 
obligatory right that does not impact the new owner in 
any way, or 2) the lessee's right is safeguarded, 
although to some degree. The conventional approach, 
which has been implemented in several legal systems, 
is model 1). However, certain nations have also 
embraced a variant of model 2). In regards to the 
property pillar, there exist some aspects of property 
law that might impede or hinder the adoption of 
circular economy business models, such as PSS. An 
illustrative example is the preference given to 
property ownership over other arrangements like 
leasing, which may be perceived as a more favourable 
right. The research in this article asserts that 
prioritizing sustainability as a fundamental concept 
necessitates the development of novel legal 
procedures and regulations.39 

 
The Gap in IP Licensing Process  

Within the existing framework of functionality and 
incentive-based models governing IP, public welfare 
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including environmental sustainability, are frequently 
overlooked or marginalized in favour of private 
commercial interests. In the determination of the 
scope of protection, societal values beyond economic 
efficiency are typically seen as incidental rather than 
explicitly considered.  

As an illustration, while considering the domain of 
patent law, it becomes evident that behaviours that may 
diverge from the objectives of the CE encompass 
activities associated with the ability to commercially 
repair IP protected assets. Within the realm of global 
patent laws, the doctrine of exhaustion pertains to the 
notion that once a patented article is lawfully 
introduced into the market with the explicit consent of 
the patent holder, said holder relinquishes any viable 
entitlement to exercise control over the subsequent 
resale, importation, or utilization of said physical 
article within the domestic market.40 While the 
exhaustion concept applies to loans and the repair of 
protected property, it should be noted that the repair 
activities, namely those considered as 'routine' repairs 
and maintenance, are permissible only if they do not 
amount to the act of 'creating' the invention. 
Nevertheless, the differentiation between (illegitimate) 
"making" and (legitimate) "ordinary" repairing is not a 
straightforward matter. While reproducing copies of a 
patented invention without authorization is considered 
an infringement, the permissibility and extent of 
modifying or repairing a purchased patented item 
remains unclear. The determination of whether the act 
of changing pieces of a protecteditem constitutes 
'ordinary' repair is sometimes a matter that needs 
individualized examination and analysis.41 

The principle of exhaustion stipulates that a buyer 
ought to have the right to utilize a product according 
to its designated purpose. Consequently, it should be 
permissible to carry out repairs that fall within the 
customary lifespan of items. On the other hand, the 
average length of a product's life is often judged by 
social standards, which may not always be based on 
sustainability. Also, the way patent makers do things, 
like how they create a product, could affect how long 
it lasts, since a shorter product life cycle tends to be 
more cost effective.42 Possible relevance of the notion 
of planned product obsolescence, in which a product 
is developed or designed with a purposely limited 
lifespan, resulting to its obsolescence (i.e., becoming 
old or non-functional) within a set time frame. 

Insufficient congruence between IP frameworks 
and sustainability goes beyond patent law's regular 

repair obligations. While certain national and 
international patent policy initiatives support 
environmentally friendly technology breakthroughs, 
the focus is largely on'soft' policy measures. Separate 
patent classes for climate change mitigation ideas and 
speedier processing for 'green' patent applications are 
examples.43 More importantly, patent law does not 
reference environmental sustainability in legislative 
provisions or interpretations. We shouldn't assume 
intellectual property rights are an incentive for 
innovators. A lot of research doubts the efficacy of 
intellectual property rights incentives, arguing that 
ingenuity can thrive in many industries without 
them.44 

 
Concrete Solutions 

Western legal systems promote property owners' 
financial and psychological security. Intellectual 
property is included. Public law systems are necessary 
yet flawed. Without compatibility between public and 
private law objectives, private law systems may 
undercut public law endeavours. The potential for 
IPR-protected items to impede the new domestic 
legislations which stimulate the right to repair for 
household appliances becomes obvious. These 
instances suggest that few aspects of private law, such 
as the property pillar, may need to be rethought to 
successfully include CE and sustainability into global 
legal systems. If policymakers used a socially-
oriented planning approach to property kinds instead 
of a utility-based one, this may happen. This objective 
can be achieved by passing laws that balance 
protection and access while protecting ecological 
integrity.45 

Many opportunities exist to apply social planning 
principles to property law, such as; 

a) The common view of the lessee's right as an 
automatic entitlement may be challenged. This might 
pave the way for the dissemination of important 
circular economy business models like PSS focused 
on customer needs. The idea of long-term viability 
can be used to justify the grant of an all-encompassing 
proprietary right that goes beyond the scope of a 
standard leasing related proprietary right, especially 
with respect to the exclusion of third parties.46 

b) From an IP law perspective, particularly in 
the domain of patent law,a significant obstacle to 
promoting circular economy is the determination of 
the permissibility and extent of repairing protected 
objects without infringing upon the protected 
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innovation. One potential approach to addressing the 
issue may involve the incorporation of a specific 
provision inside IPR frameworks. This provision 
would permit the repair and reuse of protected 
objects, even for commercial reasons, either as a 
general rule or subject to clearly stated limitations.  

c) To confront the basic question of how we 
understand the normal lifespan of protected assets 
when deciding the presence of a breach is a more 
ambitious choice. Potentially, including environmental 
considerations in the deliberations of domestic courts 
could be one way to shift the focus of intellectual 
property from a purely utilitarian perspective to a more 
socially-oriented one, which aligns with significant 
values such as environmental sustainability. To do this, 
environmental reasons might be incorporated into the 
calculation of elements like the "typical" lifespan of 
protected property at issue in infringement 
proceedings. The transition would improve the IP 
system's ability to foster the development of a culture 
that is seen and understood as equitable and appealing, 
congruent with a more holistic view of social 
development, and is therefore essential in a society 
where environmental preservation is seen as a core 
principle. This shift in thinking has the potential to 
increase social, environmental, and economic justice, 
creating an atmosphere where stronger products may 
be manufactured and broken ones can be repaired.47 

d) More generally, a number of other steps 
should be considered if we want the property 
framework in IPR to more accurately represent the 
social-planning sorts of behaviour that would support 
the CE. Included among these are possible revisions 
to patent and trade-mark law that would prohibit the 
protection of inventions or signs that are deemed to be 
unsustainable on grounds of ordre public, public 
policy, or morality.  
 

Informal Apropriability Mechanisms to Deal with 
IP Leakage, Spillover and Ineffective IP 
Management in Collaborative R&D Projects 

Processes for formal apropriability are codified in 
law and based on IP rights and contractual 
commitments. Companies are given limited 
commercialization rights to research results, product 
designs, and novel invention.48 As a method of 
encouraging businesses to invest in R&D efforts with 
the hope of producing important discoveries that may 
later be preserved by legal protection, formal 
appropriability processes should be implemented.49 
Patents, copyright protection, legal agreements, and 

document management are just a few examples of the 
many legal and contractual measures that fall under 
the umbrella of "formal appropriation methods."19 
Legal rights and contracts awarded to companies are 
referred to as "formal appropriability methods"50 and 
can be used in the event of a lawsuit or intellectual 
property infringement. Techniques like keeping 
information under wraps, giving yourself plenty of 
time to steal it, and layering on intricacy  
are all examples of informal appropriability 
approaches. Having access to secret, often unspoken, 
knowledge is crucial to the speed and sophistication 
of a company's products or procedures. With this 
information, organizations may benefit from complex 
developments that other companies would have a hard 
time duplicating in a reasonable amount of time. 

 
Preparation Phase 

The preparatory phase during collaborative 
ideation has a crucial role in improving the efficacy of 
safeguarding measures. During the preparatory phase, 
organizations conscientiously establish research and 
development (R&D) objectives and strategies for 
appropriability processes before engaging in joint 
ideation projects. At this juncture, organizations make 
determinations on the feasibility, need, or 
impediments to engaging in joint endeavours for a 
certain project, as well as the appropriate 
appropriability method to employ. During the 
planning stage of the preparation phase, organizations 
aim to optimize the efficacy of safeguarding measures 
by assessing the necessary conditions for secure 
collaborative ideation. The establishment of a joint 
legal agreement is advantageous in facilitating the 
provision of adequate protection51 as it prevents the 
unauthorized use or disclosure of confidential 
information. 

The process of drafting legal agreements among 
several parties necessitates a significant investment of 
time in order to ascertain pertinent facts such as for 
the contractual arrangement. The challenge is in 
formulating contracts that rely on imprecise notions in 
order to mitigate uncertainties and effectively provide 
safeguarding measures. It is important to initiate 
dialogue with legal departments of different firms in a 
timely manner to proactively mitigate any delays in 
the joint ideation process. Legal agreements are 
frequently established using several contract 
templates such as non-disclosure agreements (NDAs), 
memoranda of mutual understanding (MoUs), and 
joint development agreements (JDAs).  
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Legal agreements during the preparatory phase 
have the potential to enhance the efficacy of 
protection measures by deterring the unauthorized 
appropriation of information, elucidating relevant 
details, and establishing explicit guidelines for the 
utilization and limitations of this information.  

 
Operation Phase 

In the operational phase, manufacturers employ 
idea creation methodologies, such as design thinking, 
to facilitate the generation of prospective possibilities 
within collaborative environments. The operation 
phase facilitates the application of diverse viewpoints 
inside organizations, as it encourages partners to 
focus their attention on pertinent issues, therefore 
contributing to the development of valuable solutions.  

In the realm of corporate operations, intrafirm 
secrecy serves as a secondary technique employed by 
corporations to impose limitations on the utilization of 
information by individuals involved in internal 
projects. The concept of intrafirm secrecy pertains to 
the manner in which organizations develop their 
operational procedures while taking into account the 
need to maintain privacy for their personnel. The 
senior leadership group enforces policies and 
procedures that involve limiting access to information 
pertaining to collaborative ideation. 

Using codenames for labelling projects, 
implementation of security systems for the purpose of 
limiting access to important documents, controlling 
and limiting the entry of non-related project members 
to dedicated facilities (i.e. laboratories and tests 
chambers) is a useful method for reducing the 
likelihood of intentional knowledge spillovers. 

In collaborative projects, document management 
entails taking actual steps to limit who has access to 
and how they might be used. Many methods are used 
by companies to efficiently manage joint concept 
papers such as labelling as secret any documents that 
are shared among the project's members that contain 
sensitive data.  

One of the key findings derived from the main data 
is the incorporation of intellectual property within the 
framework of project management. It is recommended 
that organizations include intellectual property 
considerations into their project management 
framework in a formal manner for the evaluation and 
oversight of newly generated intellectual property.  

Finally, recording of meeting minutes let 
organizations formalize all information as part of their 

document management procedures. Working together 
to generate ideas usually leads to more fluid 
collaboration. Knowledge sharing helps communities 
solve problems. The project team must record the key 
take aways from each phase in meeting minutes. 
Meeting minutes improve protection by documenting 
possible joint ownership.  

 
Termination Phase 

The final process, known as "termination," plays a 
crucial role in boosting the protection further.The 
termination phase is a designated period whereby the 
benefits of collaborative ideation are realized through 
the utilization of the resulting findings in subsequent 
scientific endeavours or commercial ventures. The 
phase aligns with the conclusions drawn from the study 
conducted which substantiated the significance of 
appropriately concluding collaborative ventures. There 
are two categories which emerge from the primary data 
i.e. co-patent application and interfirm secrecy.  

A "co-patent application" is the initial submission 
to a patent office by interfirm IP owners seeking a 
patent for a claimed innovation. Partners can safely 
divulge their expertise and create shared ownership of 
jointly generated knowledge by co-patenting an 
innovation. This can enable out-licensing, joint 
ventures, and spin-offs. Patent co-ownership is a key 
strategy for company-academic partnership. The 
persons apply for a co-patent that is not yet specified, 
but it serves as a framework for talks with the partner 
and protecting the uniqueness following 
brainstorming. Additionally, a co-patent can serve as 
a legal mechanism to substantiate joint ownership and 
mitigate any conflicts. Co-patents provide as legal 
documentation of co-ownership, so mitigating any 
conflicts in the future.  

Interfirm secrecy is the last termination phase and 
refers to using internal rules to control the 
dissemination of unique intellectual property 
information across brainstorming partners. Secrets 
sometimes impede organizational understanding. 
Partners sometimes exchange freshly generated 
intellectual property privately. Thus, the parties set 
deadlines and terms for incorporating the newly 
acquired IP into their products and promise to keep it 
private from unrelated parties, notably competitors. 
There are two main reasons for interfirm 
confidentiality. First, it deters patent trolls from 
copying proprietary ideas. Second, it protects against 
ephemeral and confusing methods for sharing or 
protecting new intellectual property.  



J INTELLEC PROP RIGHTS, JULY 2024 
 
 

334

In certain instances, there may be transitory and 
indeterminate solutions for the sharing or safeguarding 
of novel intellectual property that may arise after the 
conclusion of collaborative brainstorming. The practice 
of collaborative brainstorming is frequently carried out 
within limited time frames, thereby impeding the 
subsequent advancement of robust patents. In this 
particular scenario, it is imperative to maintain 
confidentiality about the newly formed joint intellectual 
property for a brief duration, until the subsequent actions 
and strategies have been clearly delineated. 
 
Conclusion 

The Global West, especially Europe’s press for 
green economy through CBAM (and circular 
economy being one of its apparatus) will have an 
overwhelming effect on the current manufacturing 
hubs of the world. These measures although, at the 
outset, aim to achieve carbon neutrality but behind the 
veil seem like a market protectionism policy. The 
affected states will challenge such measures at WTO 
on two grounds; first, these measures will have extra-
territorial affect and this issue hasn’t yet been settled 
by WTO. Second, they are not covered under Article 
XX of GATT (general exceptions) as they do not 
fulfil the criteria of chapeau i.e. “arbitrary or 
unjustifiable discrimination between countries where 
the same conditions prevail, or a disguised restriction 
on international trade”. It will be interesting to watch 
how these disputes unfurl as the history of dispute 
resolution process under both, GATT and WTO, has 
favoured trading objectives over the environment. In 
addition to it, the suggestions made by the author 
regarding making an exception to IP regime will also 
require an amendment or an exception being carved 
out in the TRIPS with due process, which will take 
majority vote of the member nations. Apart from 
these public laws, there is a need of significant 
overhaul in international and domestic private law 
regimes to have circular economy plan to be up and 
running in the light of current IP law created 
obstacles. Tough times ahead of us i.e. private entities 
and the sovereign bodies to navigate through the 
battle between trade and environment.  
 

References 
1 Wangrin M, Vimalnath P & Tietze F, Enabling the circular 

economy: An exploratory study on IP challenges in 
innovation ecosystems, Centre for Technology Management 
Working Paper Series, University of Cambridge, 
https://api.repository.cam.ac.uk/server/api/core/bitstreams/97
00f91b-79a7-4c47-b92c-410cd7497a1d/content. 

2 Closing the Circularity Gap in a 9% World, CircleEconomy 
Foundation, https://www.circle-economy.com/news/the-
circularity-gap-report-our-world-is-only-9-circular. 

3 Global Resources Outlook 2019: Natural Resources for the 
Future We Want, Nairobi: United Nations Environment 
Programme, https://www.resourcepanel.org/reports/global- 
resources-outlook.  

4 Steffen W, Richardson K, Rockstrom J, Cornell S E, Fetzer I, 
Bennett E M, Biggs R, Carpenter S, Vries W D, De Wit C A, 
Gerten D, Heinke J, Mace G M, Persson L M, Ramanathan 
V, Reyers B & Sorlin S, Planetary boundaries: Guiding 
human development on a changing planet, Science, 347 
(2015), https://doi.org/10.1126/science.1259855. 

5 Packaging Waste, European Commission, 
https://environment.ec.europa.eu/topics/waste-and-
recycling/packaging-waste_en#review. 

6 Geissdoerfer M, Savaget P, Bocken N M P & Hultink E 
J,The circular economy – A new sustainability paradigm?, 
Journal of Cleaner Production, 143 (2017) 757, 
https://www.sciencedirect.com/science/article/abs/pii/S09596
52616321023. 

7 Brown D & Lee D, The intellectual property of 
sustainability, Journal of Intellectual Property Law and 
Practice, 10 (3) (2015) 241. 

8 Article 53(a), The European Patent Convention (EPC), 
https://www.epo.org/en/legal/epc. 

9 Cremers K, Open innovation in the circular economy: How 
to benefit from the commons, Technological Forecasting and 
Social Change, 115(2016) 193. 

10 Tukker A, Eight types of product-service system: eight ways 
to sustainability? Experiences from SusProNet, Business 
Strategy and the Environment, 13 (4) (2004) 246, 
https://onlinelibrary.wiley.com/doi/10.1002/bse.414. 

11  Christensen T H, Innovation barriers: An empirical 
examination of barriers to eco-innovation, Business Strategy 
and the Environment, 23(5) (2014) 286. 

12 Frishammer J, Ericson K & Patel P C, The dark side of 
knowledge transfer: Exploring knowledge leakage in joint 
R & D projects, Technovation, 41 (2015) 75, 
https://www.sciencedirect.com/science/article/abs/pii/S01664
97215000024. 

13 Belitski M, Innovation in Schumpeterian-type firms: 
Knowledge collaboration or knowledge spillovers? 
Foundations and Trends in Entrepreneurship, 15 (3) (2019) 
368, 
https://centaur.reading.ac.uk/88600/1/paper%20Schumpeteri
an%20fims%20FnT%20ENT%20Belitski%20final.pdf. 

14 Wiens K, Intellectual property is putting circular  
economy in jeopardy, The Guardian (2014), 
https://www.theguardian.com/sustainable-
business/intellectual-property-circular-economy-bmw-apple 
(7 August 2020).  

15 Samaniego R M, Knowledge spillovers and intellectual 
property rights, International Journal of Industrial 
Organization, 31 (2013) 50, https://www.sciencedirect.com/ 
science/article/abs/pii/S0167718712001166. 

16 Holgersson M, Technology-based coopetition and 
intellectual property management, in Fernandez AS, 
Chiambaretto P, Roy F L & Czakon W, The Routledge 
Companion to Coopetition Strategies(Routledge, London), 
2018, 329.  



DAGA & CHOUDHARY: CIRCULAR ECONOMY: FOR INNOVATION & WORLD INTELLECTUAL PROPERTY REGIME 
 
 

335

17 Driffield N, Love J H & Yang Y, Technology sourcing and 
reverse productivity spillovers in the multinational 
enterprise: Global or regional phenomenon? British  
Journal of Management, 25 (1) (2014) 24-41, 
http://wrap.warwick.ac.uk/64120/. 

18 Czarnitzki D, Hussinger K & Schneider C, R&D 
collaboration with uncertain intellectual property rights, 
Review of Industrial Organization, 46 (2) (2015) 183, 
https://link.springer.com/article/10.1007/s11151-015-9449-0. 

19 Hagedoorn J & Zobel A K, The role of contracts and 
intellectual property rights in open innovation, Technology 
Analysis & Strategic Management, 27 (9) (2015) 1050, 
https://www.tandfonline.com/doi/full/10.1080/09537325.201
5.1056134. 

20 Fernandez A S, Roy F L & Gnyawali D R, Sources and 
management of tension in co-opetition case evidence from 
telecommunications satellites manufacturing in Europe, 
Industrial Marketing Management, 43 (2014) 222, 
https://www.sciencedirect.com/science/article/abs/pii/S00198
50113002149. 

21 Colombo M G & Piva E, Knowledge misappropriation risks 
and contractual complexity in entrepreneurial ventures’ non-
equity alliances, Small Business Economics, 53 (1) (2019) 
107, https://link.springer.com/article/10.1007/s11187-018-
0062-0#:~:text=To%20sum%20up%2C%20knowledge 
%20misappropriation,complex%20alliance%20contracts%20
more%20valuable. 

22 Eppinger E, Jain A, Vimalnath P, Gurtoo A, Tietze F & Chea 
R H, Sustainability transitions in manufacturing:  
The role of intellectual property, Current Opinion in 
Environmental Sustainability, 49 (2021) 118, 
https://www.sciencedirect.com/science/article/pii/S18773435
21000580#:~:text=Proponents%20of%20sustainable%20man
ufacturing%20consider,foreign%20direct%20investments%2
0%5B12%5D. 

23 Korhonen J, Honkasalo A & Seppala J, Circular economy: 
The concept and its limitations, Ecological Economics,  
143 (2018) 37, https://www.sciencedirect.com/science/ 
article/abs/pii/S0921800916300325. 

24 Hartwell I & Marco J, Management of intellectual property 
uncertainty in a remanufacturing strategy for automotive 
energy storage systems, Journal of Remanufacturing, 6(3) 
(2016) 1, https://link.springer.com/article/10.1186/s13243-
016-0025-z. 

25 Dey P K, Malesios C, De D, Budhwar P, Chowdhury S & 
Cheffi W, Circular economy to enhance sustainability of 
small and medium sized enterprises, Business  
Strategy and the Environment Journal, (2020) 1, 
https://onlinelibrary.wiley.com/doi/abs/10.1002/bse.2492. 

26 Tura N, Unlocking circular business: A framework of 
barriers and drivers, Journal of Cleaner Production, 212 
(2019) 90, https://www.sciencedirect.com/science/ 
article/pii/S0959652618336059. 

27 Ormazabal M, Circular economy in Spanish SMEs: 
Challenges and opportunities, Journal of Cleaner 
Production, 185 (2018) 157, https://www.sciencedirect.com/ 
science/article/abs/pii/S0959652618306826#:~:text=The%20
focus%20on%20cost%20savings,Reutilization%20and%202)
%20Financial%20Advantag. 

28 Dreyfuss R C, Collaborative research: Conflicts on 
authorship, ownership, and accountability,  
Vanderbilt Law Review, 53 (2000) 1161, 

https://scholarship.law.vanderbilt.edu/cgi/viewcontent.cgi?art
icle=1916&context=vlr#:~:text=It%20can%20be%20argued
%20that,out%20among%20themselves%2Dat%20the. 

29 Holgersson M & Granstrand O, Patenting motives, 
technology strategies, and open innovation, Management 
Decisions, 55(6) (2017) 1, https://www.emerald.com/ 
insight/content/doi/10.1108/MD-04-2016-0233/full/html. 

30 Fu X & Zhang J, Technology transfer, indigenous innovation 
and leapfrogging in green technology: The solar-PV  
industry in China and India, Journal of Chinese  
Economic and Business Studies, 9 (4) (2011) 329, 
https://www.tandfonline.com/doi/abs/10.1080/14765284.201
1.618590. 

31 HoglundS S, Richter J L, Ekern E M, Russell J D, 
Pihlajarinne T & Dalhammar C, Barriers, enablers and 
market governance: A review of the policy landscape for 
repair of consumer electronics in the EU and the US,  
Journal of Cleaner Production, 288 (2021) 1, 
https://www.sciencedirect.com/science/article/pii/S09596526
20355347. 

32 Hackl C, Recycling waste heat to cool down the planet, 
Journal of the Licensing Executives Society, 52 (4) (2017) 1, 
http://students.aiu.edu/submissions/profiles/resources/online
Book/517946_coolplanet.pdf. 

33 Ang K L, Saw E T, He W, Dong X & Ramakrishna S, 
Sustainability framework for pharmaceutical manufacturing 
(PM): A review of research landscape and implementation 
barriers for circular economy transition, Journal of Cleaner 
Production, 280 (2021) 1, https://www.sciencedirect.com/ 
science/article/abs/pii/S0959652620343092. 

34 Fisher W W, Theories of intellectual property, in New 
Essays in the Legal and Political Theory of Property 
(Cambridge University Press, UK) 2001.  

35 Product-service systems (PSS) are business models  
that provide for cohesive delivery of products and  
services.  

36 Kühl C,Tjahjono B, Bourlakis M & Aktas E, Implementation 
of circular economy principles in PSS operations in Sakao T, 
Lindahl M, Liu Y, Dalhammar C (Eds.), 10th CIRP 
Conference on Industrial Product-Service Systems, IPS2 
2018, 73 (Elsevier, Procedia CIRP, Amsterdam, 
Netherlands), (2018) 124. 

37 Ionașcu I & Ionașcu M, Business models for circular 
economy and sustainable development: the case of  
lease transactions, Amfiteatru Econom, 20 (48) (2018) 356, 
https://www.econstor.eu/bitstream/10419/196437/1/Article_2
724.pdf. 

38 Tukker A, Product services for a resource-efficient and 
circular economy: A Review, Journal of Cleaner Production, 
97 (2015)76. 

39 Thompson AW , Ny H, Lindahl P, Broman G & Severinsson 
M, Benefits of a product service system approach for long-
life products: the case of light tubes, in Sakao T, Larsson T & 
Lindahl M (Eds.), Proceedings of the 2nd CIRP IPS2 
Conference (2010) Linkoping, (2010)83.  

40 Lilleholt K, Lease of Goods, Sellier European Law 
Publishers, Munich (2008), https://dare.uva.nl/ 
search?identifier=02353c0f-a15c-40f1-811e-64baa36cee5b. 

41 Beers C V & Z and F, R&D cooperation, partner diversity, 
and innovation performance: An empirical analysis, Journal 
of Product Innovation Management, 31 (2) (2014) 292, 
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpim.12096. 



J INTELLEC PROP RIGHTS, JULY 2024 
 
 

336

42 Article 29, Agreement on a Unified Patent Court, https://eur-
lex.europa.eu/legal-
content/EN/TXT/?uri=celex%3A42013A0620%2801%29. 

43 Ballardini R M, Ituarte I F & Pei E, Spare parts and additive 
manufacturing: Challenges between patent law and digital 
business, Journal of Manufacturing Technology 
Management, 29 (2018) 6, https://www.emerald.com/ 
insight/publication/issn/1741-038X. 

44 Heath C & Mori M, Ending is better than mending - recent 
Japanese case law on repair, refill and recycling, 
International Review of Intellectual Property and 
Competition Law, 37 (7) (2006) 856, 
https://www.researchgate.net/publication/294342466_Ending
_is_better_than_mending_-
_Recent_Japanese_case_law_on_repair_refill_and_recyclin. 

45 Patent Prosecution Highway (PPH), 
https://www.epo.org/news-issues/ 
news/2017/20171004a.html and Cooperative patent 
classification at: https://www. 
cooperativepatentclassification.org/index.html (accessed on 
15 September 2023).  

46 Lacey L J, Of bread and roses and copyright, Duke Law 
Journal, (1989) 1532, https://scholarship.law.duke.edu/ 
dlj/vol38/iss6/2/. 

47 Geller P, Copyright history and future: what’s culture got to 
do with it? Journal of Copyright Society of the  
USA 47 (2000) 258, https://pgeller.com/Paul_Geller-
Copyright_History-Future.pdf. 

48 Tschmuck P, Creativity without copyright: Music  
production in Vienna in the late eighteenth century in Ruth 
Towse, Copyright in the Cultural Industries (Cheltenham, 
UK) 2002. 

49 Raustiala K & Sprigman C, The piracy paradox: innovation 
and intellectual property in fashion design, Virginia Law 
Review, 92 (8) (2006) 1687, https://virginialawreview.org/ 
articles/piracy-paradox-innovation-and-intellectual-property-
fashion-
design/#:~:text=This%20paper%20offers%20a%20model,dy
namics%20of%20the%20apparel%20industry. 

50 Chesbrough H, Managing open innovation, Research-
Technology Management, 47 (10) (2014) 23, 
https://www.tandfonline.com/doi/abs/10.1080/08956308.200
4.11671604. 

51 Manzini R, Lazzarotti V & Pellegrini L, IP and open 
innovation: Theory and practice, International Journal of 
Technology Marketing, 7 (2) (2012) 119, 
https://www.inderscienceonline.com/doi/abs/10.1504/IJTMK
T.2012.046903. 

 


