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Disclaimer
A team from the Ellen MacArthur Foundation produced this report in 
collaboration with the World Economic Forum. The Ellen MacArthur Foundation 
takes full responsibility for the report’s content and conclusions. While the 
contributors listed in the acknowledgements provided significant input for the 
development of this report, their participation does not necessarily equate to 
endorsement of the report’s full content and conclusions. 

Supplementary information available
Extended versions of select case studies are available from the Ellen MacArthur 
Foundation website.  

 http://www.ellenmacarthurfoundation.org/publications/intelligent-assets
 
Project mainstream
This report was written under the umbrella of Project MainStream, a multi-
industry, global initiative launched in 2014 by the World Economic Forum and the 
Ellen MacArthur Foundation, with McKinsey & Company as knowledge partner. 
MainStream is led by the chief executive officers of nine global companies: 
Averda, BT, Desso, Royal DSM, Ecolab, Indorama, Philips, SUEZ and Veolia.

MainStream aims to accelerate business-driven innovations and help scale the 
circular economy. It focuses on systemic stalemates in global material flows that 
are too big or too complex for an individual business, city or government
to overcome alone, as well as on enablers of the circular economy such as 
digital technologies.

http://www.ellenmacarthurfoundation.org/publications/intelligent-assets%20
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The exponential growth of connectivity has had a sweeping impact on our 
society in the last decade. It is widely understood that this increased connectivity 
between people, products and systems can create significant new sources of 
value for citizens and economies. Recognizing the importance of this trend, in 
2015 the World Economic Forum identified The Future of the Internet as one  
of its 10 Global Challenges.

As we look to the next decade, the prevalence of connectivity, through the 
Internet of Things and the creation of “intelligent assets”, will accelerate. The 
question remains: How can these technological advances be harnessed to 
enable smarter economic growth, resource and food security, and an improved 
infrastructure? The Internet of Things is already increasing efficiency in our 
current linear “take, make, dispose” economy. Could it also, however, enable a 
less resource-dependent circular economy that is restorative and regenerative 
by design? And, in turn, could embedding circular economy principles in smart 
connected systems and devices significantly bolster the opportunity? These are 
the questions we asked ourselves, and experts across the field, when writing  
this report.

This report illustrates opportunities for innovation and creativity across a 
spectrum of industries and sectors: it looks at how we manufacture and use 
electronics and advanced equipment, how we create our energy infrastructure, 
how we build and transform our buildings, and how we produce food. It 
assesses how smart cities might evolve to become a focal point for the 
transitions to follow. There are profit opportunities for companies to play for 
but perhaps more importantly, there’s an opportunity for society to redefine its 
relationship with resources.

This document aims to provide the rationale for these opportunities that the 
intersection of the circular economy and smart connected devices could 
unlock for your business, city or region. While open questions remain to be 
explored, we believe the perspective shared here offers a compelling vision for 
intelligent assets in a circular economy. We invite you to add your voice to this 
conversation, and look forward to engaging with the first movers and leaders to 
act on this opportunity.

This report is the product of Project MainStream, an initiative that leverages the 
convening power of the World Economic Forum, the circular economy innovation 
capabilities of the Ellen MacArthur Foundation, and the analytical capabilities of 
McKinsey & Company. We are grateful to all the businesses and institutions that 
engaged with us to create this report, and to the Project MainStream Steering 
Board for its continued collaboration on the transition towards  
a circular economy.

Preface

Dame Ellen MacArthur
Founder, Ellen MacArthur Foundation

Dominic Waughray  
Head of Public-Private Partnership, 
World Economic Forum
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The circular economy is an economic and 
environmental imperative but there is a huge gap 
between a big concept and a practical reality. The 
Internet of Things is the “glue” that links the trillions of 
items we consume each year globally with the changes 
in everyday consumer behaviour, product recovery, 
material separation and remanufacturing that we need.

Mike Barry – Director, Plan A, Marks & Spencer

The Internet of Things and circular economy practices 
are mutually reinforcing – bundled together they 
present immense opportunities — for business and 
society at large — leading to systems that are resilient, 
decentralised, self-repairing and scalable without 
experiencing complexity problems. The natural world – 
life itself – is network based, and bio-inspired systems 
are already standard. Looking forward the Internet of 
Things will provide information about what resources 
we have and what we are losing. With objects 
becoming increasingly self-aware, the sharing platform 
of the future could have assets making themselves 
available for use in real-time. Enhanced tagging and 
tracking capabilities, such as insect-inspired swarm 
intelligence, present enormous economic opportunities 
to plug leaks and make use of materials previously 
considered to be waste.

Janine Benyus – Co-founder of the Biomimicry Institute

Information is at the heart of ensuring that businesses 
around the world can make the right decisions 
to eradicate waste and use resources effectively. 
The internet of things, with its smart sensors and 
connected technologies, can play a key role in 
providing valuable data about things like energy use, 
underutilized assets, and material flows to help make 
businesses more efficient. Their role in building a future 
with a more circular economy is critical and we are 
excited about the role technology will play in realizing 
this vision.

Kate Brandt - Lead for Sustainability, Google Inc.

The projected addition of high tens of billions of IoT 
devices in the next several years will dramatically 
intensify connectivity among individuals and various 
units, organic and inorganic. Future advances in 
systems integration on chips or stacked chips 
with nanoscale devices for both dense memory 
and fast logic, versatile biosensors, neuromorphic 
computing and deep machine learning capacity will 
rapidly increase the intelligence of machines, robots, 
equipment and connected things, thus helping to 
strengthen the circular economy. The growth of the 
circular economy will in turn enlarge the optimization 
problems domain, generate immensely big data, 
identify new needs and call for more innovations in 
future electronics, thereby feeding each other in a 
continuously evolving and sustainable ecosystem for a 
better world for all.

Sung-Mo Steve Kang – President, Korea Advanced Institute of Science 
and Technology; Chair, Global Agenda Council on the Future of 
Electronics
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We have tremendous challenges ahead of us. We have 
to improve the human condition around the world as 
the population grows while at the same time learning 
to tread more lightly on our planet. The only way we’ll 
meet them – and I’m confident that we will – is with a 
combination of technological progress, innovation, 
markets and goodwill.

Andrew McAfee – Co-Director, MIT Initiative on the Digital Economy; 
Author, The Second Machine Age

For the SDGs and the search for sustainable growth 
models, the Internet of Things combined with big data 
and data analytics has the potential to turbocharge 
promising circular economy models, in part via the 
impact on the efficiency of use, maintenance and 
longevity of assets. This surely will advance us several 
steps towards growth models that allow for expanding 
prosperity while maintaining and augmenting the 
natural capital base of the global economy and our 
existence.

Michael Spence – Nobel Laureate; William R. Berkley Professor in 
Economics and Business, NYU 

Truly circular economies arguably cannot exist without 
the Internet of Things. No amount of clever design 
ensures a complex system will remain useful and 
efficient over time. To be sustainable, a system must be 
responsive; actions and behaviours must be connected 
via data and knowledge. With the embedding of 
intelligence in almost every object, we can imagine 
systems that adapt and respond to change in order to 
remain fit for purpose.

Tim Brown – Chief Executive Officer, IDEO

The coming profusion of smart sensors and connected 
technologies that makes up the Internet of Things will 
have a profound effect on our cities. Cities are already 
leading the way in reducing carbon emissions and 
deploying smart systems, and the circular economy is 
the next big opportunity that a city like London is best 
placed to drive forward. London already has a strong 
and growing low carbon goods and environmental 
services economy and I foresee the same opportunity 
presenting itself in the circular economy.

Boris Johnson – Mayor of London
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The impending digital transformation holds the 
potential to redefine the very basis of our materials-
reliant industrial economy. Enabled by intelligent 
assets, a new model of development gradually gaining 
independence from finite resource extraction is 
emerging. Can pervasive connectivity become the new 
infrastructure enabling effective material flows, keeping 
products, components and materials at their highest 
value at all times, thus enabling the coming of age of 
the circular economy? Such a system would generate, 
on top of business advantages, multiple benefits for 
users and society as a whole. It would be a system 
where shared and multimodal transport help citizens 
to quickly and safely navigate to their destination, even 
during rush hour. A system where assets are able to 
signal the need for maintenance before breaking down, 
and in which local farmers can monitor and regenerate 
the areas of their land at risk of degradation, while at 
the same time providing abundant and fresh produce.

Early signs of this transformation are perceptible, as 
this report highlights, yet clarifying and scoping out 
the depth of change at play in the global economy is 
necessary to harness the full potential of this positive 
wave of development. 

A rapid increase in the number of intelligent assets 
is reshaping the economy, and this development 
will create significant value. The number of connected 
devices is expected to grow to 25–50 billion by 2020, 
from around 10 billion today. A growing body of research 
indicates that this Internet of Things (IoT) offers a trillion-
dollar opportunity, brought about by improved production 
and distribution processes and, perhaps more importantly, 
a significant shift in the way products are utilised.  

Executive Summary 

As author James Bradfield Moody1 puts it, the 
“processors are starting to communicate beyond the 
confines of their device, and are sharing information 
that has never been shared, or even collected, 
before. This brings us to [a] big idea that will govern 
how we innovate in a resource-limited world – the 
convergence of the digital and natural worlds.”

Pairing this digital revolution with circular economy 
principles can indeed transform the economy’s 
relationship to materials and finite resources, thus 
unlocking additional value and generating positive 
outcomes. The circular economy helps decouple 
economic value creation from resource consumption. Its 
four value drivers – extending the use cycle length of an 
asset, increasing utilisation of an asset or resource, looping 
or cascading an asset through additional use cycles, and 
regeneration of natural capital – can be combined with one 
(or several) of the three main intelligent assets value drivers 
– knowledge of the location, condition, and availability of an 
asset. 

In this systemic change perspective, IoT becomes the 
new, virtualised infrastructure that governs assets 
use and movements along the value chain. Digital tools 
– such as exchange platforms allowing multiple useful 
lives and embedded product information – become as 
important as physical tools when it comes to determining 
and steering asset flows. The value created can extend 
beyond direct business benefits, and generate significant 
wider societal benefits. In mobility, for example, IoT-enabled 
apps helping drivers to find a parking space and avoid busy 
roads not only deliver a direct user advantages, but also 
reduce congestion and emissions, hence benefiting society 
as a whole. 
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Businesses are already exploiting the interactions 
between the circular economy framework and 
intelligent assets today, across several sectors, and 
with a focal point in cities. By breaking down structural 
barriers established over time between production and 
consumption or use, an IoT-enabled circular economy 
offers considerable opportunities for a multitude of 
sectors including manufacturing, energy and utilities, 
built environment and infrastructure, logistics and waste 
management, and agriculture and fishing. Both large 
incumbents and disruptive innovators are rethinking 
their models and value chains, indicating that the digital 
revolution is not a niche market but the underpinning of a 
new economy. With over 80% of global GDP generated 
in urban areas and multiple opportunities to optimise 
materials flows, cities are at the forefront of the upcoming 
transformation.

What is at stake is not incremental change or a gradual 
digitization of the system as we know it, but a reboot: 
pervasive connectivity rolled out at scale has the power 
to redefine value generation, whilst helping emerging 
economies bypass heavy upfront investments and 
material-intensive solutions. For instance, an ecosystem 
of intelligent assets enabled services could jointly open 
widespread access to reliable, grid-free renewable energy. 
Solar panels could be provided as a service to individuals 
and businesses without access to the capital to buy solar 
panels themselves, through weekly online payments. 
Battery health monitoring, predictive maintenance of panels, 
automated management of distribution systems and other 
IoT-enabled services could complement this model to avoid 
the massive investment in capital and resources needed to 
develop a centralized grid infrastructure.

Such a promising horizon entails redefined 
collaborative mechanisms between technology and 
the framework within which it operates. At the confines 
of innovation and regulation, creativity needs to be 
called upon in order to manage the complex questions 
raised by data circulation and capture, compatibility 
of systems and intellectual property. Several experts 
consulted have remarked that companies need to shift 
away from a protective approach and closed innovation, 
towards more open-source, collaborative data platforms. 
At the same time, the proliferation of sensing equipment in 
society raises important questions about data security and 
privacy. Addressing these challenges requires rules of the 
game that allow the fast-moving technology and market 
trends to evolve. Companies and policymakers would need 
a multi-stakeholder approach to create such conditions; if 
successful they could lay the groundwork for solving several 
of the core challenges for designing an economy that is 
truly restorative and regenerative.
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Digital technology is fast becoming a pervasive feature across a wide variety of products. 
Equipped with the ability to sense, store and communicate information about themselves and 
their surroundings, these ‘intelligent assets’ are posed to unlock tremendous opportunities for 
businesses and individuals. Will this development – by many regarded as the impending ‘fourth 
industrial revolution’2  – lead to an acceleration of the extractive, ‘linear’ economy of today, or will it 
enable the relative decoupling of resource consumption from economic development and accelerate 
the transition towards the circular economy? To what extent could intelligent assets contribute to 
capturing circular economy benefits? And importantly, what are the key challenges to address in 
order to realise the potential opportunity?

This report is the first of its kind to discuss these questions, by studying the interplay between the 
value drivers of circular business practices and intelligent assets. Its goal is to shed light on the value 
creation opportunities that are emerging from this interplay, and to give a directional perspective 
on potential opportunities in the medium to long-term. In doing so, it seeks to initiate a discussion 
inspiring businesses, innovators, and policymakers to explore the synergies that circular economy 
and intelligent assets can generate.

The report builds its arguments on aggregated insights from a collection of case studies and stand-
alone opinion pieces from a wide range of thought-leaders – reflecting today’s ongoing developments 
but also what the future could bring and what it takes to get there, Around 40 businesses and 
institutions have been consulted in the process of creating this report.

Introduction

Discovery of new phenomena is what opens the 
pathways to innovation

Bernard Meyerson
Chief Innovation Officer, IBM
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Useful Definitions

Although this report is not technical in nature, it discusses 
a number of technical concepts, some of which currently 
have somewhat different meanings depending on who is 
discussing them. The following definitions aim to clarify the 
terminology used in this report.

Internet of Things (IoT). The networked connection of 
physical objects. For simplicity, this term is used in this 
report to indicate all objects, systems and processes that 
are exchanging information through the Internet, instead of 
differentiating them by additional definitions (e.g. the Web 
of Things, Internet of Everything or Industrial Internet of 
Things).

Intelligent assets. Physical objects that are able to sense, 
record and communicate information about themselves 
and/or their surroundings. This definition incorporates IoT 
objects but also includes assets that are not continuously 
transmitting information, and things that do not feature 
wireless communication.

Asset. A physical object, such as a machine, building or 
material. Components of objects are also described as 
assets because they are frequently treated individually 
during or after a use cycle.

Resource. A flow or stock of materials or energy that can 
be transformed into assets or consumed to make assets 
function.

Performance models. A business agreement in which the 
customer pays for the use, or the performance, of a product 
rather than the product itself. The rationale is that there is 
no inherent benefit in owning the product. On the contrary, 
ownership can entail additional costs (upfront investment), 
risk (unpredicted repair, maintenance or obsolescence) 
and end-of-use treatment costs. Performance models go 
under several names with different specifics, e.g. service 
contracts or “servitization”, leasing or asset centralization. 
The emergence of IoT has also led to the popular notion of 
“anything-as-a-service”. The term “performance model” is 
used to encompass all these varieties in this report.

Remanufacturing. A process of disassembly and recovery 
of an asset at a product and component level. Functioning, 
reusable parts are taken out of a used product and 
rebuilt into another. By definition, the performance of the 
remanufactured component is equal to or better than “as 
new”.1

Reverse logistics. The process of moving goods from their 
typical final destination to concentrate them at a central 
location, either for the purpose of capturing value (through 
reuse, remanufacturing, refurbishment, parts harvesting or 
recycling), or for proper disposal.

Negative externalities. Cost suffered by a third person or 
society as a whole resulting from an economic transaction, 
e.g. pollution including CO2 emissions or noise, and health 
issues including obesity, asthma or allergies.
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Research to date has demonstrated that the circular 
economy is a clear value creation opportunity. It is an 
appealing and viable alternative to the linear “take, 
make, dispose” model, and businesses are starting 
to implement circular principles into their operations. 
The circular economy aims to enable effective flows 
of materials, energy, labour and information so 
that natural and social capital can be rebuilt. This 
new economic model seeks ultimately to decouple 
global economic development from finite resource 
consumption.

An Outline of the Circular Economy
The linear “take, make, dispose” model, the dominant 
economic model of our time, relies on large quantities of 
easily accessible resources and energy, and as such is 
increasingly unfit for the reality within which it operates.2 
Working towards efficiency – reducing the resources and 
fossil energy consumed per unit of economic output – will 
not alter the finite nature of their stocks but can only delay 
the inevitable. A more fundamental change of the operating 
system is necessary.

The concept of the circular economy has attracted attention 
in recent years. It is characterized, more than defined, as an 
economy that is restorative and regenerative by design and 
which aims to keep products, components and materials 
at their highest utility and value at all times, distinguishing 
between technical and biological cycles. It is conceived as 
a continuous positive development cycle that preserves 
and enhances natural capital, optimizes resource yields 
and minimizes system risks by managing finite stocks and 
renewable flows. It works effectively at every scale.

The circular economy rests on three key principles, shown 
in Figure 1.3

–– Principle 1: Preserve and enhance natural capital 
by controlling finite stocks and balancing renewable 
resource flows – for example, replacing fossil fuels with 
renewable energy or using the maximum sustainable 
yield method to preserve fish stocks.

–– Principle 2: Optimize resource yields by circulating 
products, components and materials in use at the 
highest utility at all times in both technical and biological 
cycles – for example, sharing or looping products and 
extending product use cycles.

–– Principle 3: Foster system effectiveness by revealing 
and designing out negative externalities, such as 
water, air, soil and noise pollution; climate change; 
toxins; congestion; and negative health effects related to 
resource use.

1. Rethinking Value Creation –  
 The Circular Perspective

Benefits of the Circular Economy
Multiple research efforts and the identification of best 
practice examples have shown that a transition towards the 
circular economy can bring about the lasting benefits of a 
more innovative, resilient and productive economy.

Substantial net material savings: In the first two reports 
from the Ellen MacArthur Foundation, detailed product-
level modelling was used to estimate the value of an 
“advanced” circular economy scenario. Considering only 
the sectors of medium-lived complex goods (e.g. consumer 
electronics) revealed estimated cost savings of up to $630 
billion annually in Europe after 2020. For the fast-moving 
consumer goods (e.g. food and beverages, clothing and 
packaging), the economic opportunity was estimated 
at more than $700 billion annually on a global scale, or 
materials savings of roughly 20%.4

Reduced exposure to price volatility: A natural 
consequence of net material savings would be a shift down 
the cost curve for raw materials. For steel, the global net 
materials savings could add up to more than 100 million 
tonnes of iron ore in 2025 if applied to a sizeable share of 
the material flow (i.e. in the steel-intensive automotive or 
other transport sectors, which account for 40% of demand). 
In addition, such a shift would move the steel industry 
away from the steep (increasing) right-hand side of the raw 
materials cost curve, thus likely reducing demand-driven 
volatility.5

Increased economic development: The study entitled 
Growth Within: A Circular Economy Vision for a Competitive 
Europe estimated that a shift to the circular economy 
development path in three core industry sectors – mobility, 
food and built environment – would allow Europe to 
increase resource productivity by up to 3% annually. In 
addition, it would generate €1.2 trillion in non-resource 
and externality benefits, bringing the annual total benefits 
for Europe to around €1.8 trillion versus the current 
development scenario.6 On a global scale – using different 
methodologies and performed across different sectorial and 
geographical scopes – multiple studies have consistently 
shown the positive impacts of the circular economy: 
growing GDP by 0.8–7.0%, adding 0.2–3.0% jobs and 
reducing carbon emissions by 8–70%.7
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Increased innovation and job creation potential: 
Circularity as a “rethinking device” has proved powerful, 
capable of sparking creative solutions and stimulating 
innovation. An academic meta-study of the relationship 
between employment and the circular economy, conducted 
in connection with the Growth Within report, found a 
positive effect on jobs in scenarios where the circular 
economy is implemented.

Increased resilience in living systems and in the 
economy: Land degradation costs an estimated $40 billion 
annually globally, without taking into account the hidden 
costs of increased fertilizer use, loss of biodiversity and loss 
of unique landscapes.8 The application of circular economy 
principles, encouraging higher land productivity, less waste 
in the food value chain and the return of nutrients to the soil, 
will enhance the value of land and soil as assets.

To understand the potential, consider the French tyre 
company Michelin. The company wants to add sensors 
to its tyres, to understand wear over time. For customers 
this is great. They will learn when to rotate tyres or replace 
them – unique to their specific driving conditions. This saves 
money and improves safety.

But there is more to play for. Armed with usage data, the 
company is even better equipped to shift its business 
model from selling tyres to leasing them (which it began 
before sensors made this model even more attractive). After 
all, GE and Rolls-Royce don’t sell jet engines but lease them 
with service contracts on the side – why not tyres too? The 
data collected by the sensors tell the company how the 
tyres can best be maintained.

The consequence of this shift in business model is 
profound. The tyre company now has a vital commercial 
interest in making tyres to last as long as possible, since the 
firm still owns them. And it has a new financial interest in 
using materials and processes that make recycling old tyres 
as efficient as possible.

Thus the technology that offered a benefit to consumers 
(cost savings and safety) and to the bottom line of 
companies (new business models) has a society-wide 
benefit too, in terms of sustainability. These sort of “triple 
play” wins – for consumers, companies and society – will 
become commonplace as the Internet of Things and 
big data increasingly become a part of everyday life. As 
such, the Internet of Things could become the “soul” that 
animates objects in the circular economy.

However, making this a reality requires overcoming 
obstacles that risk impeding the circular economy. 
Regulators will be suspicious of algorithms that offer 
probabilistic answers rather than certain ones, especially 
in healthcare, but in cars too. Yet establishing correlational 
answers that are not causal is precisely how machine-
learning artificial intelligence algorithms work, which fuel the 
Internet of Things.

Moreover, it is unclear who actually owns the data: the 
company that invested in collecting and analysing it, or the 
entity from whom the data was collected? Here, Europe 
and America may move in different directions, promising 
more heartburn on both sides.

What to do? As a first step, business leaders and policy-
makers need to take a more permissive approach. They 
need to find ways to fit Internet of Things technologies into 
existing regulatory frameworks rather than oppose it. The 
battle over Uber and Airbnb around the world shows this 
won’t be easy.

At the same time, both sides need to acknowledge a 
need for a new democratic and economic ethos of what 
might be called “algorithmic transparency”: the need 
for public scrutiny of how big data work in practice. The 
crises facing European car companies over the integrity of 
emissions tests show the importance of this new principle 
of democratic, capitalist accountability – the modern 
equivalent of audited company financial statements.

***
Provided government, the business community and civil-
society institutions practise wise leadership, the circular 
economy will flourish. Without it, everyone will fail to reap 
the benefits of the Internet of Things and big data – and that 
is the biggest waste of all.

Provided there is wise leadership, the circular economy 
will flourish

Kenneth Cukier
Data Editor, The Economist

Time for a Step Change?
Despite the repeated demonstration of the benefits of 
the circular economy for businesses as well as societies, 
the introduction of some of its core practices – such as 
performance models – has to date been slower than 
expected given the sound business case.9 For good 
reasons perhaps: existing circular business models at scale 
demonstrate the importance of information and feedback-
rich systems, and that it takes time and effort to get it right.10 
Could the onset of intelligent assets perhaps provide the 
missing link to make a step change in the uptake of circular 
business models – removing barriers that prevent sharing, 
leasing and performance models from becoming the “new 
normal”? Could the digital revolution offer a blueprint of the 
infrastructure needed to keep materials in circulation – or 
could the infrastructure in fact even be fully virtualized? The 
match between the digital development and the circular 
economy does indeed seem promising.

Kenneth Cukier: The Soul Of The Circular 
Economy
Kenneth Cukier – Data Editor, The Economist, and 
co-author of the international bestseller Big Data: A 
Revolution That Will Transform How We Live, Work 
and Think

Almost everything we think about technology is wrong. It 
never just improves things – it usually ends up changing 
them. For instance, the electric light bulb wasn’t just better 
than candlelight: it transformed the productive hours of 
work – and changed the economy irreversibly.

Likewise, the Internet of Things, powered by big data, has 
the potential to radically shake up business, the economy 
and society. Things that were products can become 
services. What was once a fixed cost may become a 
variable cost. Information that was impossible to know can 
now be tracked. And one of the greatest impacts will be in 
the “circular economy”, the idea that natural resources are 
used in an effective and sustainable manner.
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2. Intelligent Assets – Building  
 a Smarter Economy

Offering a trillion-dollar opportunity, intelligent assets 
are already unlocking new sources of value creation 
for both companies and individuals. They are in the 
process of significantly changing business operations, 
from product design to the supply chain to how value 
is created after sale. From a public sector perspective, 
intelligent assets have already started transforming 
important parts of societies’ ecosystems, including 
resource networks, transport systems and built 
environments.

A Trillion-dollar Opportunity
An estimated 10 billion physical objects with embedded 
information technology already exist today and many more 
smart cars, homes, cities, factories, energy systems and 
other networks of connected devices are being built.11 Many 
companies have already begun to integrate IoT technologies 
into their operations and projections for future penetration. 
While spanning a big range, all point towards significant 
growth. The research firm Gartner predicts that by 2020 
“around 25 billion connected ‘things’ will be in use” and 
their “disruptive impact will be felt across all industries 
and all areas of society”.12 A recent report by DHL and 
Cisco suggests that the number of connected devices and 
objects in 2020 will reach 50 billion.13

Similarly, future value projections come with a lot of 
uncertainty but show tremendous promise. McKinsey 
Global Institute predicts that the IoT will have a total 
economic impact of $3.9–11.1 trillion per year by 2025 (70% 
within business-to-business), with customers capturing 
most of the benefits.14 Research by Cisco suggests that 
the “Internet of Everything” – the networked connections 
between people, data, processes and things – will create 
an economic opportunity of $14.4 trillion for companies 
and industries worldwide during the next decade alone, 
corresponding to an opportunity to increase global 
corporate profits by about 21%.15

How these figures vary when different policy and investment 
trends are taken into account can be illustrated by recent 
research from Accenture which estimates that, under the 
current scenario, the IoT would add about $500 billion 
to China’s cumulative GDP by 2030. However, by taking 
additional measures to improve the industry’s capacity to 
absorb IoT technologies and increase IoT investment, China 
could boost its cumulative GDP by $1.8 trillion by 2030.16
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Changing The Way Value is Created 
McKinsey states that “the ability to monitor and manage 
objects in the physical world electronically makes it possible 
to bring data-driven decision-making to new realms of 
human activity – to optimize the performance of systems 
and processes, save time for people and businesses and 
improve quality of life”.17 As pointed out by Daniel Keely 
at Cisco, as assets become more intelligent, they learn 
to communicate and collaborate among themselves, 
eliminating the need for human intervention. These 
advances in autonomous “machine learning” technologies 
enable the automatic optimization of a digitized process, 
which goes beyond providing decision support for asset 
owners or managers. Where physical interaction is still 
required, machine-to-machine (M2M) collaborative networks 
are able to deploy autonomous devices to attend to a 
problem (e.g. drones). These advances in IoT technology 
are likely to represent the next major step change in asset 
productivity.

As illustrated by the following examples, intelligent assets 
profoundly change the way value is created in a business 
environment as the information generated by a connected 
machine, device or product becomes a critical component 
of value creation. Firstly, with the rise of IoT solutions, 
variations can not only be minimized but also responded 
to. For instance, through real-time transmission of data 
regarding external factors (e.g. humidity or temperature) 
that impact the quality of a product in the manufacturing 
process, the product can be routed to a different stage 
of the process that is not adversely affected.18 Secondly, 
recent IoT technologies enable products or machines 
to continuously create value even after they have left 
the supply chain. Through intelligent assets delivering 
information concerning their location, condition or 
availability, companies and end users can capture value in 
new ways throughout an asset’s use cycle.19 In addition, the 
manufacturer could use the information generated by the 
asset to further improve the product design. Finally, thanks 
to the ease of connecting people and things via mobile 
devices, the idea of sharing or leasing assets has become 
a significant economic opportunity for businesses and 
individuals across multiple sectors. A well-known example 
is Zipcar, which increases the utilization of cars.

Enabling Better Resource Efficiency for 
Societies
Beyond the business landscape, intelligent assets have 
already started transforming significant parts of societies’ 
ecosystems, including resource networks, transport 
systems and built environments. As recent research 
suggests, for public sector players, the ability to generate 
information though connected devices represents a $4.6 
trillion opportunity, as a result of increased productivity, new 
forms of cost savings and revenues.20 

A recent joint study by the Global e-Sustainability Initiative 
and Boston Consulting Group estimates that IoT-enabled 
solutions – increasing the efficiency of the transmission, 
distribution and use of power – could reduce greenhouse 
gas emissions by 9.1 billion tonnes by 2020, representing 
16.5% of the projected total in that year.21 

In an interview with McKinsey & Company, Cisco’s former 
chief globalization officer Wim Elfrink predicted that, over 
the next decade, IoT systems in a city environment could 
achieve a 50% reduction in energy consumption as well 
as an 80% improvement in water usage.22 According to 
Intel, city authorities will spend $41 trillion on infrastructure 
upgrades for IoT in the next 20 years in order to reduce their 
dependency on fossil fuels and define a more sustainable 
urban environment through real-time feedback of resource 
use.23

As one of the world’s leading “smart cities”, Barcelona 
has implemented IoT technologies to improve its resource 
use. The city is, for instance, saving $58 million a year 
through connected water management, and $37 million 
from connected street-lighting solutions reducing costs by 
one-third.24 In the United Kingdom, Thames Water is in the 
process of implementing a “smart water pilot”. It aims to 
create a single view of Thames Water’s operating systems, 
while enabling more efficient water sourcing and the remote 
monitoring of assets.25 

IoT will play a critical role in solving impeding resource management issues encountered by 
decision-makers in the face of mass global urbanisation…particularly in the world’s least 
developed countries

Anne Miroux
Director, Division on Technology and Logistics, Head of the
Secretariat of the United Nations Commission on Science
and Technology for Development
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Neil Crockett: Open Innovators And Data 
Sharers Are The IoT’s Future Market Leaders
Neil Crockett – Chief Executive Officer, The Digital 
Catapult United Kingdom

The shape and form that the IoT market will take in the 
United Kingdom – although of course difficult to predict 
– will be game-changing. What we can say with a high 
degree of certainty is that we are only just scratching the 
surface of opportunities presented by these emerging 
technologies. Looking forward, our future technological 
means can be summed up with being able to “sense 
everything we can sense”. More critical than developments 
in sensing technologies, however, is our ability to relay, 
interpret and enhance decision-making upon generated 
data.

In the race to harness the value at stake, a whole range 
of new market leaders will emerge. Leading players will 
be those who manage to redesign their value creation 
and business processes, harnessing insights from data 
that IoT models generate. The coming years will see new, 
systematic, whole-life IoT models emerge – models that 
could dramatically change the way we produce, own, use, 
repair and trade assets. 

Looking forward, IoT platforms that enable us to track 
our assets all the way along supply chains are emerging. 
This type of technology will start to allow us to establish 
and certify the pedigree of an asset (e.g. the circularity of 
the asset), putting us in a position where we can begin to 
create policy and tax incentives around how assets are 
being designed, utilized and managed along supply chains 
and across asset use cycles. Furthermore, these policy 
and tax incentives could eventually be implemented in real 

time. Smart waste management systems, for instance, 
incentivizing waste separation by civilians through a reward 
system, have the potential to become standard practice.

A lot of the technologies required to achieve an IoT 
marketplace already exist today, but the question of how 
to most effectively scale them up and capture the value 
potential they offer requires concerted, cross-disciplinary, 
organizational and even sectorial efforts. A successful 
transition involves three major factors:

Firstly, the need for large-scale interoperability 
demonstrators is key. It is essential to deploy test beds 
facilitating open-source interoperability creation, and they 
should also assist real-life collaboration using best practice 
tools aimed at creating systematic approaches to IoT.

Secondly, there is great synergistic value in open innovation 
that needs harnessing. Businesses, government and 
innovators will eventually realize that it is more profitable to 
collaborate than innovate as individual entities. Moving away 
from the existing, siloed approach to one of open innovation 
will enable IoT value creation above and beyond what we 
are seeing today. An effective market environment is one 
where challenges are opened up to the best innovators 
and researchers, emerging as well as incumbent, using 
collaborative approaches with clearly defined problems and 
challenges.

And finally, increased data sharing will allow organizations 
to more effectively overcome challenges and profit on IoT 
opportunities. Because IoT value resides mainly in the 
variety and volume of data, organizations sharing data on 
assets and resources, whether IoT or not, will again find 
synergistic value creation opportunities.

***

While circular economy business models can yield increasing asset and resource productivity, IoT plays an important role 
in making data available and turning that data into useful knowledge. It is truly a question of being able to maximize the 
use of data. Since both the IoT and circular economy perspectives imply systems thinking and cross-sector collaboration, 
market leaders in this space will be those who most successfully collaborate, share and use an open approach to 
innovation.
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Bernard Meyerson: Machine Decision-making 
In A Circular Era
Bernard Meyerson – Chief Innovation Officer and Vice-
President, IBM Corporation; Chair, World Economic 
Forum Meta-Council on Emerging Technologies

Contrary to popular belief about the “hockey stick” 
development of the IoT market, the progression of the 
market has been quite constant over the last 10 years. 
Historically, there has been a relatively steady generation of 
applications coming online and growing in scale, industrial 
companies capturing significant value through monitoring 
systems and processes.

Recently, consumer-facing applications have been gaining 
much public attention, although they are not necessarily 
high value. Applications that merely monitor systems and 
pass on knowledge obvious to the consumer – such as 
a refrigerator telling you when you are out of milk – are 
not what make IoT revolutionary. The real value lies with 
applications that enable the discovery of new phenomena, 
which is what opens pathways to innovation. Cognitive 
systems make correlations between what might be 
second-, third- or fourth-order events that are impossible 
for humans to observe, yet critical. For instance, rather than 
a fridge telling consumers when they are short of milk, the 
same set of capabilities can be applied in a system that 
collects energy usage, storage and generation data from 
all across the electrical grid, and uses this to calculate how 
to best utilize, and minimize, local generation capacity. 
Furthermore, countless examples of IoT developments 
within the healthcare sector already have profound impacts 
on the quality of life we experience as humans. Robotic 
helpers in homes for elder care, customized treatment 
protocols for diabetics, advanced cancer treatments and 
IoT-sourced real-time health data, all benefit from ever more 
sophisticated and intelligent systems being integrated on a 
global basis via the IoT.

Advancements in discovery capabilities over the coming 
decade will also make circular economy business models 
more and more viable. These models will experience ever 
more efficient asset utilization and resource productivity 
through sustained data acquisition and process 
optimization, leading to broad progress in the design and 
development of less capital-intensive assets while still 
achieving all required business outcomes. 

Concurrent with value arising from these discovery-based 
IoT outcomes, momentous security concerns arise, as 
increasingly connected systems are by definition more 
vulnerable to cyberthreats. By virtue of integrating your 
system into the global web, it is imperative for one to 
take a vigilant approach to securing both IoT application 
development and execution environments.

In the extreme, one can simply isolate systems from all 
networks. Isolating systems associated with potentially 
high risk to the public, such as nuclear power plants, may 
be the way to go, but generalizing that practice would 
also preclude obtaining the insights and ultimate value 
possible from engagement with the knowledge ecosystem 
available via the IoT. Whole sectors of the economy 
would be prevented from harnessing the value generated 
through the discovery of new phenomena as unveiled by 
interconnectivity, data access and resultant learning.

As an alternative to strictly isolating systems of intelligent 
assets from unsecured networks, it would be far more 
desirable to allow less critical systems to harness the 
long-term value from interconnectivity with the global 
ecosystem of researchers, applications developers, and 
“birds of a feather”. To mitigate risk, one would then require 
at a minimum, beyond traditional malware and network 
defences, an intelligent cognitive actor playing a system 
supervisory role, recognizing unforeseen events (through 
judgement capabilities) and intervening when required. 
Such intelligent systems capable of detecting anomalous 
activity via intelligent capabilities are now seeing their first 
commercial deployments, which will grow rapidly over time.

Existing cognitive systems, and past machine-learning 
technologies, only scratch the surface of possibilities as to 
how to better secure the IoT. There will be a “race” between 
defenders and attackers that will go on for the foreseeable 
decades, but IBM believes that sustained advancements in 
this field provide the best opportunity to incorporate both 
security and resilience in the face of unforeseen events on 
IoT connected and dependent systems.

***

As we enter the “cognitive era”, hybrid decision-making is emerging, where cognitive systems and their users cooperate 
to discover information and synthesize solutions surpassing human decision-making capabilities in the face of complex 
system problems. Future innovators will surely use this emergent capability to implement the inherently complex circular 
economy principles and many other intractable challenges.
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The interplay between circular economy and intelligent 
asset value drivers provides a fertile ground for 
innovation and value creation. Circular economy 
value drivers include extending the useful life and 
maximizing the utilization of assets, looping assets 
and regenerating natural capital. Intelligent asset value 
drivers include collating knowledge about the assets’ 
location, condition, and availability. A broad range of 
opportunities emerges when these value drivers are 
paired. While it is impossible to predict all possibilities 
going forward, there are already numerous conceivable 
ways in which this interplay could drastically change 
the nature of both products and business models.

Both IoT and the circular economy are about exploring 
connections and feedback. IoT seeks to make assets 
of all kinds more intelligent and the circular economy to 
mobilize assets to decouple resource use from economic 
development. Their visions are complementary but, for these 
models to thrive, it is critical to find smart, effective ways to 
maximize the utilization of assets and keep them in the inner 
loops of their possible cycles (see Figure 1). Intelligent assets 
are already presenting solutions to many resource challenges 
faced by circular economy innovators. The feedback-rich 
nature of circular economy models might conversely make 
them particularly suitable to help extract value from the large 
amount of data generated by intelligent assets.

To understand the value creation opportunities created by 
the interplay between circular economy value drivers and 
those of intelligent assets, it is useful to think in terms of 
an “interaction matrix” (Figure 2). In this matrix, using one 
(or several) of the intelligent asset value drivers together 
with one (or several) of the circular economy value drivers 
unlocks new value. The interaction matrix presents 
examples of a range of conceivable opportunities, and 
offers a framework to accommodate an even larger number 
of yet inconceivable ones.

3. Pairing The Circular Economy  
 and Intelligent Assets 

There exists a great opportunity for aligning IoT 
innovation with a circular economy

Carlo Ratti
Professor, Massachusetts Institute of Technology
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Figure 2: Interactions of Circular Economy and Intelligent Asset Value Drivers and Example of Value Creation Opportunities

 – Guided replacement service 
of broken component to 
extend asset use cycle 

 – Optimized route planning to 
avoid vehicle wear

 – Predictive maintenance 
and replacement of failing 
components prior to asset 
failure

 – Changed use patterns to 
minimise wear

 – Improved product design 
from granular usage 
information 

 – Optimized sizing, supply, 
and maintenance in energy 
systems from detailed use 
patterns 

 – Route planning to reduce 
driving time and improve 
utilization rate

 – Swift localization of shared 
assets

 – Minimized downtime through 
to predictive maintenance

 – Precise use of input factors 
(e.g. fertilizer & pesticide) in 
agriculture

 – Automated connection of 
available, shared asset with 
next user

 – Transparency of available 
space (e.g. parking) to reduce 
waste (e.g. congestion)

 – Enhanced reverse logistics 
planning

 – Automated localization of 
durable goods and materials 
on secondary markets

 – Predictive and effective 
remanufacturing

 – Accurate asset valuation by 
comparison with other assets

 – Accurate decision-making for 
future loops (e.g. reman vs 
recycle) 

 – Improved recovery and reuse 
/ repurposing of assets that 
are no longer in use

 – Digital marketplace for locally 
supplied secondary materials

 – Automated distribution 
system of biological nutrients

 – Automated location tracking 
of natural capital, such as 
fish stocks or endangered 
animals

 – Immediate identification of 
signs of land degradation

 – Automated condition 
assessment, such as fish 
shoal size, forest productivity, 
or coral reef health
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Circular Economy Value Drivers
Four key circular economy value drivers for generating asset 
and resource productivity can be identified.3 Their value 
creation potential mainly results from extending the use 
cycle length and count, increasing asset utilisation, while 
reducing the creation of new products from virgin materials 
and producing less waste – especially structural waste 
including negative externalities.

Extending the use-cycle length of an asset. Keeping 
products, components and materials in use for longer, 
meaning that the need to produce more assets from new 
resources is reduced, while the value added through 
manufacturing is retained.  This can be achieved by 
designing products that are more durable and easier to 
upgrade, repair or maintain, and deploying predictive 
maintenance to prevent irreversible failures that would end 
an asset’s use cycle. This value driver also implies reducing 
the consumption of a finite resource, fuel or fossil-based 
energy.

Increasing the utilization of an asset or resource. 
Maximizing the utilization of assets by either sharing them 
among users (peer-to-peer sharing of privately owned 
assets or public sharing of a pool of assets) or enabling 
greater asset or resource productivity in operations. In this 
report, the definition also includes designing out negative 
externalities – which implicitly enhances the utilization 
of finite resources – as well as increasing access to and 
utilization of renewable resources.

Looping or cascading an asset through additional 
use cycles. Moving end-of-use assets or resources from 
one use cycle to a new one. Looping includes i) reusing 
the asset as is with a new user; ii) remanufacturing or 
refurbishing the asset before entering a new use cycle; iii) 
recycling materials to replace virgin resources in making 
new assets. Cascading assets or resources could either 
mean moving them to secondary markets or into lower-
value uses.

Regeneration of natural capital.27 Preserving and 
enhancing the long-term productivity of natural systems 
such as soil, oceans, forests and wetlands. This includes 
returning biological nutrients and carbon to the land, 
avoiding topsoil erosion and the leaching of nutrients from 
one system to another, replenishing lost nutrients and soil 
layers, as well as managing maritime stocks in such a way 
that they are able to maintain a healthy population.

Intelligent Asset Value Drivers
Broadly speaking, intelligent assets can supply three main 
forms of knowledge about assets and resources that 
enable value creation in a business environment (see Figure 
2):28

Knowledge of the location of the asset. Asset tracking 
– determining the location of an asset, either in real time or 
based on connected checkpoints – is a significant enabler 
of sharing models. It is also an important opportunity 
for users to bring down the costs of logistics and other 
operations, and use their resources more effectively. This 
is especially important for businesses that have mobile, 
high-value assets deployed across multiple locations, since 
operational performance depends on balancing resource 
utilization, rapidly redeploying resources and keeping 
assets in service.29 Tracking assets can also greatly facilitate 
auditing, helping companies comply with accounting 
standards at a much lower cost.

Knowledge of the condition of the asset. The collection30 
of sensor data that monitors an asset’s condition – the 
technical or biological performance or state of an asset, 
including specific responses to environmental conditions – 
enables users and/or suppliers to use defined thresholds 
or rules to initiate actions or notifications that allow for 
condition-based (predictive or preventative31) maintenance, 
repair, decommissioning or change of use pattern.32 
Knowledge of the condition of an asset includes recording 
the use pattern of the asset, as well an asset’s material 
composition and its potential change33 during the use 
cycle – as for example recorded in embedded product 
inventories.34
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Knowledge of the availability of the asset. Data on an 
asset’s availability – including whether an asset is idle but 
also the supply/demand dynamics for an ensemble of 
assets – allow for the increased sharing of assets among 
different users as well as the development of new business 
models that promote the shift towards a more service-
oriented economy. Availability also includes knowledge 
about asset ownership, and in energy systems availability 
includes knowledge about usage and demand of energy at 
a given location and a given point in time.

Key Barriers And Enablers
The circular economy is an inherently feedback-rich 
system, and innovation will depend on the provision of 
new information for designing business models as well as 
physical products. Going forward, there is little doubt that 
the information generated by probing the circular economy–
intelligent assets interplay will be able to enhance the 
information feedback loops and drastically change the way 
products are made, used, paid for and looped back into the 
value chain. However, for the full value potential provided by 
the interplay between the circular economy and intelligent 
assets to be realized, a number of barriers and key enablers 
need to be addressed.

Data security and trust
Since much of the value created by the interplay between 
circular economy and intelligent assets lies in the ability to 
collect and interpret data, it is crucial to address concerns 
about how innovators, companies and government 
agencies use, share and protect personal data. Moreover, 
as intelligent assets’ capabilities expand, mechanisms 
need to be developed to prevent potential criminal activity 
that could harm private individuals as well as businesses. 
Stakeholders, including policy-makers, research institutions 
and industry players need to work together on challenges 
related to the management of IoT systems in order to 
foster innovation, while minimizing security risks.35 Experts, 
including Neil Crockett, Nicolas Cary and Sophie Hackford, 
highlight the lack of a legal infrastructure that ensures trust 
and security over personal data as a major hurdle for IoT 
market development. Further developing and harnessing 
security innovations (e.g. through block chain technology) 
is imperative to nurturing IoT technology development and 
generating trust within the IoT market.

Interoperability of intelligent assets and IoT networks
McKinsey & Company estimates that 40% of the total IoT 
value creation potential requires a fully functioning digital 
ecosystem in which there is seamless data sharing between 
assets and networks from different industry players.36 As 
pointed out by Neil Crockett of the Digital Catapult United 
Kingdom, most of today’s intelligent assets have been 
designed in closed innovation processes and therefore 
work largely in silos. In this “pre-standards phase” of the 
IoT landscape, devices or networks created by different 
manufacturers or technology companies are often unable 
to integrate or run on a common operating system.37 As 
a result, companies today mainly use sensor data for 
anomaly detection and control but not for optimization, 
prediction or discovery. More sophisticated sensing and 
analytics technologies could unlock value sources, such as 
performance data for predictive maintenance or workflow 
data to optimize operating efficiency, and companies and 
industries seeking to tap into this potential would benefit 
from developing infrastructure horizontally rather than 
creating vertical stacks of integrated products.38

Flexible business models that can respond to price 
variability and the rapid evolution of technology
To date many IoT systems require significant upfront 
capital investment, while at the same time lack a clearly 
defined return on investment in what are still often untested 
and immature technologies. To add complexity to the 
investment decision, industrial IoT components need to 
be built with maintenance and updates in mind because 
industrial systems need to be continually modified and 
maintained to meet changing requirements.39 Reorienting 
the business strategy to allow for this rapid evolution of 
technology could be an important step towards making 
operations more circular. Companies are also likely to 
benefit from identifying their partners within the intelligent 
asset–circular economy ecosystem, and determine whether 
they want to join a partner’s platforms or develop their 
own. The development of joint lighthouse projects, where 
technologies and processes are tested and findings are 
shared, could benefit the development of intelligent assets 
on a broader scale.40

Products and materials will be smart in the future 
circular economy

Frank Appel
Chief Executive Officer, Deutsche Post DHL

Failing to reap the benefits that the Internet of Things 
and the circular economy present, is the biggest waste 
of all

Kenneth Cukier
Data Editor, The Economist
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A rapidly growing number of businesses is harnessing 
the synergies between circular economy and intelligent 
asset value drivers. These businesses are present in a 
wide range of sectors, including manufacturing, built 
environment and infrastructure, energy and utilities, 
agriculture and fishing, and logistics and waste 
management, as well as smart cities. They include 
large incumbents as well as disruptive innovators. 
The solutions created by these businesses unlock 
not only direct value for the customer or end user, but 
could profoundly change the resource productivity of 
societies by forming new ecosystems of services that 
eliminate negative externalities or the need for some 
resources altogether.

4. Innovators Today Show What  
 Tomorrow’s Business Ecosystems  
 Could Look Like

Previous research has highlighted that digital technology is 
a core enabler for circular economy business models.41 In 
a similar way, pairing IoT-enabled innovation with circular 
economy principles can help identify new value creation 
potential. Looking at the ongoing digital revolution using the 
combined lenses of intelligent assets and circular economy 
reveals that numerous businesses (and cities) are already 
unlocking value in this realm – for instance optimizing 
capacity utilization, implementing predictive maintenance, 
and automating sales and inventory management. The 
examples given in Figure 3 are by no means exhaustive, but 
they show that businesses are already active in most of the 
matrix’s intersections. Some are familiar multibillion-dollar 
corporations; others are emerging innovators.
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Figure 3: Businesses Already Operating in the Circular Economy–Intelligent Assets Interaction Matrix
 

This chapter introduces promising innovations (and their resulting benefits) in 
five industrial settings: materials and manufacturing; energy and utilities; built 
environment and infrastructure; logistics and waste management; and agriculture 
and fishing. Individual case examples are discussed for each setting, and a 
broader perspective is then applied in order to explore the wider opportunity 
that follows from a transition to a more circular economy. In addition, the 
opportunities emerging in the context of smart cities are explored.
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Making, Using And Reusing Stuff
Manufacturing of electronics and advanced equipment

Performance contracts, predictive maintenance 
and remanufacturing are already well-established 
(circular) practices in some sectors of the 
manufacturing industry. Intelligent assets are helping 
these feedback-dependent operations to perform 
better and with increased flexibility – making them 
accessible to a broader range of companies and 
consumers. In addition, the unprecedented amount 
of information generated by connected assets is 
enabling designers to translate feedback data into 
product improvements. Finally, complexity and 
material demand in various production processes 
is being drastically reduced through the ability to 
virtualize product features via cloud technology.

Imagine a world in which all high-value assets belong to 
their manufacturer, who is incentivized to maintain and 
improve them on an ongoing basis. Not only your car, but 
computer, washing machine, lighting system, fridge – they 
all have the inbuilt ability to securely communicate with their 
manufacturer, sending real-time information about their 
use patterns and the condition of different components 
on the basis of which they are maintained, updated or 
replaced and recycled/cascaded into a different use cycle. 
With a growing number of businesses incorporating both 
intelligent assets and circular economy principles into their 
strategies and operations, the need for human intervention 
to maintain, reuse or recycle materials is being minimized.

More product categories, better performance models
Manufacturing – particularly of advanced, expensive 
equipment – has been a focal point of circular economy 
studies for many years as it offers one of the biggest 
potentials for economic and environmental impact of any 
sector. Material savings alone in the European Union could 
amount to $630 billion in an advanced circular economy 
scenario.42 These savings stem from a combination of the 
main three circular value drivers: extending the use cycle 
(due to predictive maintenance), increasing utilization (due 
to reduced unplanned downtime and increased overall 
equipment effectiveness), and looping or cascading the 
asset (due to improved information of the condition and use 
history of individual components).

Performance-based business models – where a supplier 
retains ownership of the product and the customer 
pays on a per-use (or performance) basis – provide the 
supplier with a fixed contract revenue stream while offering 
incentives to maintain, simplify and increase the reliability 
and productivity of the product. Done right, it also reduces 
total asset costs, while increasing profitability and customer 
service value. The retained ownership can enable, but is 
not critical for, the taking back of products after use and 
refurbishing/remanufacturing them before taking them to 
market again.

The business case for such circular models is quite 
intuitive for advanced equipment; its manufacture is 
resource intensive and therefore expensive, and products 

are often robust enough to be repaired or refurbished 
either throughout or at the end of use cycles. It should 
therefore be no surprise that the pioneers in the field began 
their operations long before the circular economy was 
established as a concept. Most notably, Rolls-Royce’s 
“power-by-the-hour” model for airline engines was incepted 
in 1962 and pioneered the performance-based business 
model.43 Caterpillar founded its Cat Reman business 
line in 1973 and is still a well-respected example of 
remanufacturing operations.44

While Rolls-Royce and Cat Reman are proving that circular 
business models can work without IoT, intelligent assets 
have the potential to significantly improve the user’s and/
or supplier’s ability to service and repair products in a 
predictive maintenance scheme. Comprehensive real-time 
data are key to effective predictive maintenance, enabled by 
knowing the condition (such as engine health), and therefore 
IoT technology is currently revamping the way giants 
such as Rolls-Royce or Philips conduct their operations/
services. Information and communications technology 
(ICT) players such as Cisco and IBM are also active in this 
field, helping clients move towards maintenance schemes 
supported by data monitoring and predictive analysis. 
For example in the healthcare industry, Cisco and Philips 
point out that decisions for the replacement of medical 
equipment at hospitals are currently based mainly on the 
equipment’s age and estimates of utilization. With sensor 
technology revealing the actual condition of the equipment, 
such decisions could be made on a case-by-case basis, 
which would save resources. The data would also enable 
more flexible performance contracts benefiting both the 
hospital management and equipment’s manufacturer. 
Fanuc – a computerized numerical control (CNC) systems 
and industrial robot company and partner with Cisco – 
accesses data streams from its robots located around the 
world via the cloud. Apart from streamlining the spare parts 
supply chain, such shared information could also greatly 
enhance machine learning among the robots.45

As indicated above, predictive maintenance in performance 
contracts is not a novel development at the enterprise level. 
However, recent technological development increasingly 
enables performance models to trickle down to small and 
medium-sized enterprise (SME) customers where previously 
the tracking and logistics were prohibitively costly.46 Notably, 
this development can be seen in consumer electronics and 
information technology (IT) equipment, a product category 
notoriously difficult in terms of component recovery and 
reverse logistics. HP launched its “Instant Ink” service in 
early 2014, providing printing as a service to individuals and 
small businesses. Subscribers pay a monthly fee based 
upon the number of pages they print, and the connected 
printer notifies HP when the cartridge is about to run dry 
and signals to deliver a new one without the subscriber 
having to interact. HP collects empty cartridges to include 
them in its “closed-loop” recycling programme. Instant Ink 
is approaching a million subscribers and HP reports that 
the design enables the elimination of up to 67% of waste 
associated with the number of pages printed, and a very 
high customer retention rate. In fact, as John Ortiz of HP 
notes, the ability to build stronger customer relationships 
is one of the key values unlocked by an IoT-driven, circular 
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performance model, and it could very well be applied 
to other types of electronic products such as personal 
computers.

Knowing when to reuse, remanufacture or recycle
To date, reverse logistics and remanufacturing have been 
subject to several risks, including the fluctuating demand 
and supply of used products/components, and the widely 
varying condition of the returned components. Ideally 
an enterprise would choose the next use cycle for each 
returned product – e.g. sell for scrap value, recycle, recover 
components through parts harvesting, remanufacture, 
or reuse – by taking into consideration a combination of 
factors regarding the product’s condition as well as the 
current market situation. Only with the ability to collect large 
quantities of product and customer data, and an analytical 
model to make sense of it, does such a decision-making 
model become feasible.

IBM has recently developed a prototype, a comprehensive 
analytics tool called the “Reuse Selection Tool”, to help 
product managers choose the next, optimal use cycle for 
a product. The company has defined a range of inputs that 
include product engineering and material data, modularity 
and reuse potential data, regulations and financial data 
such as market price and cost of remanufacturing, but 
also crucially the supply and demand data at various 
product taxonomy levels. Feeding the model granular data 
of a product’s use history and the condition of different 
components, combined with a set of macroscopic financial 
data, enables the product manager to decide on a per-unit 
basis whether to remanufacture, recycle or scrap. Although 
IBM has developed its prototype tool primarily for electronic 
equipment, Jad Oseyran of IBM notes that the company 
is exploring opportunities within the construction industry 
since it presents an interesting opportunity with its asset-
intensive and diverse products. Furthermore, the data 
model and the analytics engine of the reuse tool can be 
adapted to other industries.

Moreover, IBM is investigating whether recent 
developments in cognitive computing (the simulation of 
human thought processes in a computerized model as 
pioneered by the Watson system) could be integrated into 
the Reuse Selection Tool to structure and interpret data in 
a meaningful way.47 Jad Oseyran comments that although 
recent technological advances, including those in cognitive 
computing, are not essential to achieve the transition 
towards the circular economy, they can be a key enabler in 
the future.

Redefining design
When data on the composition and real-time condition 
of assets become abundant, product design can be 
transformed. For Rolls-Royce, aggregation of IoT-generated 
information on an engine’s condition provides insights into 
more productive, durable and long-lasting engine design 
opportunities, while the servitization model provides 
incentives to apply these insights. In a similar way, HP is 
looking to apply its IoT-generated data to inform its product 
design processes. In sum, the augmented information 
generated by intelligent assets contributes to improving 
future product generations – both by extending their use 
cycle (making them more durable and easier to maintain) 
and by enabling further looping (improving their design for 
remanufacturing and for disassembly).

Moreover, IoT could drastically increase resource 
productivity by virtualizing all but the core physical function 
of equipment. As suggested by Cisco’s Daniel Keely, 
processing, analysis and visualization functionalities within a 
medical scanner could be moved to a secure cloud service, 
making upgrades simpler and in turn driving further use 
cycle extension. The broader set of cloud data that will be 
made available could potentially be leveraged by designers 
and engineers to further improve the machine, provided the 
data are mined in a secure way.

New, systematic, whole-life models will emerge – 
potentially completely changing the way we produce, 
own, use, repair and trade assets.

Neil Crockett
Chief Executive Officer, The Digital Catapult United
Kingdom
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Creating a Smarter Energy Infrastructure
Energy and utilities

A surge in innovative and disruptive business 
models in the energy sector is currently under 
way. Developed markets are seeing a proliferation 
of intelligent assets to optimize energy use in 
many settings, from homes to street lighting. In 
addition, IoT technology is enabling distributed 
energy systems, particularly in developing markets. 
New businesses are emerging that enable off-grid 
renewable energy as a service at affordable prices. 
Such new business models could be crucial in giving 
broader access to renewable energy sources to many 
more end users. Moreover, these models could make 
it increasingly viable for developing markets to build 
entirely distributed energy systems and avoid the 
significant resource and capital costs tied up in a 
centralized energy system.

Imagine all individual households, factories and public 
buildings in your city generating their own electricity from 
renewable sources, which can be stored in different 
batteries, including the ones in your car or at home – 
reducing your electricity bill by up to 25%.48 All of those 
energy-generating entities in your area are connected 
through a grid, allowing them not only to be self-sufficient 
but also to contribute to the grid stability of the whole 
region. Or imagine that each community in a developing 
country has access to affordable solar-powered energy, 
giving people the comfort of electrical light and appliances, 
and enabling them to better educate themselves and 
increasingly participate in global economic activity.

20–40% of energy in buildings could be profitably 
conserved by improved insulation and control.49 

Next to food and water, energy is arguably the most 
vital human need in a modern society. Despite ongoing 
improvements in energy efficiency that bring down per 
capita consumption in developed economies,50 significant 
sources of structural waste associated with energy systems 
still need to be addressed. In energy production and 
distribution, substantial losses are associated with power 
grids, and the emergence of (small-scale) renewable energy 
generation is challenged by problems of distribution and 
storage, particularly in remote locations.

McKinsey Global Institute estimates that IoT could yield 20% 
energy savings in homes.51 

Optimized energy consumption by smarter devices and 
better incentives
Using intelligent assets to improve efficiency in energy 
consumption is a recognized and growing practice. 

–– Cisco uses an IoT-enabled system called Cisco Energy 
Management to accurately measure and manage energy 
use (and CO2 emissions) at its manufacturing facility in 
Malaysia, aiming to reduce energy consumption by 20%. 

–– Philips provides “lighting-as-a-service” to its customers, 
continuously optimizing power consumption, as it has 

live and reliable data on their use patterns and can 
therefore enhance the light installations.

–– GE recently announced its “energy-as-a-service” 
platform, aimed at taking 10–20% off customers’ energy 
bills as well as enabling better distribution for utilities.52

–– Silicon Valley-based Enlighted provides an IoT-based 
energy service system, claiming it saves its clients 60–
70% on lighting and 20–30% on heating/cooling, while 
the IoT infrastructure additionally enables further smart 
solutions.53 

Philips CityTouch is a similar service for cities, providing 
connected outdoor light points and management software. 
Authorities can change light intensity remotely depending 
on natural light and street conditions, replace individual 
components based on actual burning hours rather than 
on assumptions, and reconfigure installations to adapt 
to changing environmental factors. In the same vein, 
California-based Sensity Systems uses sensors in its large-
scale instalments (e.g. in airports) to both monitor use 
patterns and automatically adjust power to the individual 
LED lights depending on the number of people beneath 
them.

The above examples also provide resource-productive 
knock-on effects. For instance, Philips CityTouch increases 
the ability to manage heterogeneous use cycles of different 
asset components in detail, and can loop assets back into 
production at the end of their use cycle. In addition, the 
cloud-based service uses exactly the amount of remote 
computing power needed, eliminating the need for in-house 
servers. Philips estimates that such a set-up leads to at 
least 30% less energy consumption in computing.

Models creating transparency about usage have also begun 
to appear in the residential space. For example, Nest Labs’ 
smart thermostats build a heating schedule around their 
users’ routines and can be controlled remotely to maximize 
comfort, while minimizing energy consumption. A similar 
company is the start-up Tado°, which uses sensors that 
react to the presence of people in order to calibrate heating.

Another important area for optimization is the large 
number of SMEs operating complex, distributed energy 
systems such as industry plants. The German company 
ENIT Systems offers a connected clip-on device, the ENIT 
AGENT, that helps its user to understand, manage and 
maintain these decentralized systems by overcoming the 
typical interpretation challenges posed by the different 
technologies. The ENIT AGENT creates full transparency 
of energy usage and saves companies 5–20% of energy 
costs. In addition, it eliminates compatibility problems 
between the old and new components in the system, 
thereby allowing for better maintenance and longer use of 
the different machines. Furthermore, the open software 
invites users to add applications to the system, and the 
ambition is to include M2M communication and further 
improve the energy distribution. Connecting both energy-
generating and consuming devices could also help 
businesses to increasingly provide their own energy.

Intelligent monitoring systems can also be used to create 
energy saving incentives. Basing its business model 
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largely on established behavioural psychology principles, 
OPower is incentivizing individual consumers to reduce 
their energy bill by providing the company with personalized 
energy reports that compare their usage data with a large 
database of other users. Utilities such as E.On in Europe 
and Dominion in the US similarly offer detailed reports and 
connected power switches to help customers reduce their 
consumption. This type of precise use data from intelligent 
assets coupled with behavioural feedback could have 
interesting wider applications, e.g. for municipalities to 
create incentives for citizens to reduce excess resource use, 
or to plan for effective utility infrastructure upgrades.

Distributed renewable energy in developing markets
On the energy production side, large-scale renewables 
such as wind and solar power have seen impressive 
improvements in efficiency and cost reduction over the last 
decade. Making these assets more intelligent is one driver 
behind their improved efficiency. GE, for instance, makes 
wind turbines that automatically change gear according 
to wind conditions, and more recent solar panels are able 
to optimize their angle to the sun. Using IoT technology to 
monitor the condition of these capital-intense assets also 
creates more accurate knowledge about their real value 
at any point in time, which is an important lever to attract 
investors.

The use of intelligent assets has also begun to emerge in 
smaller-scale energy generation systems. SunPower, a 
US-based, integrated solar energy service provider, says 
it is making important strides in the IoT space, introducing 
“smart” solar panels that are connected to other devices in 
the home, enabling energy consumption to be matched to 
generation – e.g. optimizing the timing of energy-intensive 
activities, such as laundry, refrigeration or dishwashing, 
with power generation. Cateva, a start-up supported by 
Siemens, has developed an energy management tool that 
allows homes outfitted with photovoltaic systems to rent out 
part of their battery power to network operators.54

So far, the growth of solar power has been most 
prominent in developed markets, and has been deployed 
largely without the help of intelligent assets. A number 
of companies are now using IoT to take solar power 
to developing markets where cheap, and preferably 
renewable, power is in desperate demand.55 The company 
BBOXX offers combined solar power and storage kits 
to developing markets. Not only can they be remotely 
controlled and monitored, but knowledge of their location 
also facilitates service and maintenance in regions where 
infrastructure and location mapping can be poor. Since 
storage is often the limiting factor in solar power systems, 
ProductHealth has developed a connected device that 
helps users monitor battery health with their phone or 
computer. The algorithm warns the user of destructive 
use cycles based on readings of voltage, current and 
temperature. In addition, BBOXX as well as Sun King 
provide cheap solar panels or solar-powered devices, 
such as radios and reading lights, which can facilitate 
dramatic improvements to the users’ standard of living and 
education..56 Through collaboration with companies such as 
ProductHealth and Angaza, these products are intelligized 
and connected.

Although comparatively cheap, the solar devices offered in 
regions such as Sub-Saharan Africa are often too expensive 
for their target users. Angaza therefore offers these devices 
on a “pay-as-you-go” platform that allows users to receive 
the product for a small down payment and to pay for the 
usage (usually on the basis of number of weeks or kWh). 
Payment is made via a web or mobile interface, and 
the connected device knows when to switch on and off 
depending on the user’s account balance. When the full 
cost of the product has been paid, the new owners can use 
it as much as they wish.57

The implications of using intelligent assets for energy 
generation and storage can be tremendous. Not only does 
it bring power and increased living standards to millions of 
people, their use could potentially allow regions currently 
devoid of grid infrastructure to prioritize distributed energy 
systems (e.g. micro-grids or even off-grid) over developing 
a grid infrastructure from scratch, avoiding huge capital 
expenditures and resource consumption. According to 
Marty Neese at SunPower, the promise of IoT applies to 
developed markets as well – where the proliferation of 
solar and wind energy sources, which are approaching 
price parity with conventional, centralized energy sources, 
will have a drastic impact on the demands for energy 
distribution systems. Coupled with the increasing range of 
business models and technologies to improve efficiency 
and optimize energy distribution in (local) smart grids, the 
emerging ecosystem of intelligent devices will make this 
option increasingly viable.

For intelligent assets to create value in a the circular 
economy we need frictionless payments as well as 
billions of internet devices negotiating with each other 
unleashing market forces to bring down the costs of 
goods and services for all

Nicolas Cary
Co-founder, Blockchain
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Building Constructions That Remember And 
Communicate
Built environment and infrastructure

The incorporation of intelligent assets into the 
built environment goes beyond improving energy 
efficiency. It is reshaping both asset utilization and 
material management within the sector. Connected 
buildings and building components are starting 
to enable the wider use of performance contracts 
and predictive maintenance schemes while at the 
same time dramatically increasing the potential 
for improved asset utilization through sharing. The 
future is likely to entail a built environment that 
is flexible and modifiable and which, through its 
interconnectivity, can feed the wider system (the city 
or the traffic grid) with information that enhances 
both traffic management and urban planning.

Imagine a world in which all roads, bridges, public spaces, 
sports facilities, office buildings and private homes 
represent the biggest valuable materials deposit for the built 
environment. In this world these assets are connected to a 
digital library, revealing up-to-date condition of the assets’ 
components to not only enable predictive maintenance 
and performance models, but also to be a platform for a 
secondary materials market. Imagine how the connectivity 
of constructions could pave the way for closing the material 
loops for the largest source of waste in modern society.

The construction process is fragmented with misaligned 
incentives among contractors and can create up to 15% 
waste by volume.58 Based on 2009 data, an estimated 
54% of demolition waste in Europe is landfilled59 and most 
recycling occurs in low-value applications.

A key reason for the value degradation of building material 
is the lack of knowledge of material composition or value. 
In addition, the utilization of buildings is poor, resulting in 
inefficient resource use.

An estimated 55–65% of total office space is not used even 
during office hours.60

Structural waste is prominent also in infrastructure; every 
instance of unplanned maintenance for roads, bridges and 
other important infrastructure constructions causes large 
disruption and, despite road infrastructure being hugely 
oversized, congestion occurs regularly.

The road system is taking up 50% of the built environment 
space61 while peak traffic only covers 10% of the roads.62

Intelligent assets have begun to be incorporated into 
the built environment. Building service providers and 
construction companies are already using IoT to optimize 
the energy efficiency of buildings and larger communal 
systems (such as street lighting). Large building service 
providers, such as Johnson Controls and Honeywell, use 
IoT to help the tenants of their buildings to reduce the 
cost of their energy bills, while enabling utilities providers 
to better plan their energy production and avoid wasteful 
peaks.63

Changing how materials are maintained and reused
In a more novel approach, intelligent assets are now 
increasingly being deployed to address the sources of 
waste and resource inefficiencies at several stages across 
an asset’s use cycle. Knowing the location of building 
components as well as their condition gives asset owners 
unprecedented monitoring capabilities, enabling both 
new business and financial models. These models enable 
extended use cycles of buildings as well as improved 
potential to loop or cascade building components and 
materials in new use cycles at the end of the building’s (or 
component’s) use. For example, the automatic embedded 
product inventories generated by Dutch company BAM’s 
building information management software allows multiple 
stakeholders to treat the constructions as a “resource 
bank”, enabling the assets to be returned when a building 
is decommissioned. IBM and Delta Development are 
collaborating on incorporating connected sensors into the 
new Schiphol Trade Park, which will provide an extremely 
rich flow of data that can be used to optimize resource use, 
predictive maintenance, reuse and functional design.
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The infrastructure space is also seeing the introduction 
of connected sensor devices. Arup, for example, has 
supported the installation of an intelligent monitoring system 
in Hong Kong to enable predictive maintenance for roads 
and other key infrastructure constructions. Moreover, Arup 
recently projected a new bridge for heavy traffic over the 
Firth of Forth, Scotland, which will be equipped with more 
than 1,000 sensors to monitor its condition through a 
simple-to-operate, advanced and fully integrated structural 
health monitoring system.64 Cisco and the Hamburg Port 
Authority have recently launched the “smartROAD” proof 
of concept study, a pilot aiming at improving aspects of 
infrastructure, including resource management and traffic 
flow, through the use of sensor technology and analytical 
tools. The first phase of the project focuses on monitoring 
the health of the infrastructure while subsequent phases are 
planned to monitor and optimize traffic flows and lighting.

Miniwiz, a company that turns post-consumer waste 
into high performance material, explains that despite the 
distance left to cover before intelligent assets provide 
granular information about the stocks and flows of building 
materials, such information could enable a harmonization of 
design of new assets with the availability of local materials. 
Enabling design software to “scout” the market for available 
resources could allow design decisions to be based on 
what materials are locally available. As such, the IoT-
enabled transparency of material flows could facilitate the 
emergence of local, secondary material markets, similar to 
the Scottish Material Brokerage Service.65 

Proliferation of performance models and asset sharing
Intelligent devices also increasingly allow for the use of 
performance models in the built environment. For instance, 
Delta Development has introduced a “Products of Service” 
leasing model for elevators in the new Park 20|20 and 
ongoing Schiphol Trade Park project. Data transmitted by 
the elevators enable predictive maintenance and better end-
of-use looping or cascading of the assets, and lets Delta act 
on its incentive as product owner to maximize the elevators’ 
utilization and quality. More IoT-based monitoring is likely 
to proliferate performance models and further shift asset 
ownership and management within the built environment. 
As Rainer Zimmann at Arup points out, there is a clear 

business case for extending the performance model to 
more types of building components, including facades 
and interiors, or even materials. It is not inconceivable that 
materials manufacturers, facing reduced demand for raw 
materials, could shift towards providing, for example, “steel-
as-a-service” to railways, provided the right monitoring 
system is available.

Knowing the availability of a specific space, for example 
an office, can significantly increase its utilization if this 
knowledge is used to enable sharing between users. 
Cisco’s “Smart+Connected Personalized Spaces” solution 
helps businesses increase the utilization of desk and office 
space by dynamically allocating workspaces to employees. 
The system can reduce real-estate costs by up to 35% 
and enable an office space to accommodate 75% more 
employees. By connecting all office-related functions to 
the same platform, including lighting, heating, ventilation, 
air conditioning and IT devices, an additional 7–8% of 
energy costs can be saved as the devices only need to 
be switched on when an office space is occupied. Cisco 
estimates that the personalization of the workspace enabled 
by this connectivity also improves workforce productivity. 
System managers can follow up on usage data across 
locations, spaces and services, and can continually improve 
the utilization of the workspaces.

As the built environment becomes more sensing and 
connected, more flexible use patterns and resource 
management could emerge. One conceivable scenario is 
one in which buildings’ use cycles become shorter – but 
where modular design, the performance-based use of 
components and granular embedded product inventories 
allow for cheap repurposing and a faster turnover of 
usage. More frequent repurposings of buildings enable 
both a more flexible adaptation to market demand and an 
opportunity to gradually upgrade and transform the building 
with state-of-the-art technology. Julie Pithers of the modular 
interior supplier DIRTT agrees that this scenario is likely, 
and adds that one could eventually see a home market 
when buildings are tailored to specific needs without having 
to include the average need of the next inhabitant. Hyper-
flexible interiors that “remember” their history could be 
exchanged on a large online market – at a fair price since 
their age, condition and therefore value is known – allowing 
families of five to move into properties that previously 
housed a small firm or studio, and vice versa. IoT-enabled 
local sourcing of materials for new buildings – as mentioned 
by Miniwiz – could be further reinforced by the faster 
turnaround of building materials.
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Getting the Right Stuff to the Right Place
Logistics and waste management

The latest developments in sensor technology and 
connected IoT systems mean that companies can 
now track almost any kind of asset, almost anywhere 
in the world in real time. Even though asset tracking 
has been standard practice in the logistics sector for 
some decades, new technologies are now increasing 
asset and resource productivity by enabling reverse 
logistics programmes as well as real-time route 
optimization. Similar developments are seen in 
waste management where, in addition to real-time 
waste collection route optimization, new systems are 
able to precisely sort and recycle multiple types of 
materials as well as monitor and incentivize waste 
disposal behaviour. Such progress could potentially 
reshape the way assets and resources are reused and 
recycled across industries, unlocking material value 
by providing transparency in reverse logistics and 
materials separation operations.

Imagine a world in which you can track any of your 
business’s assets on your tablet, no matter whether 
they’re on land, at sea or in the air, or how fast or slowly 
they are moving. Risk of damage and delay would be 
minimized and global demand for resources, including 
food, materials or pharmaceuticals, could be met faster 
and more cost-effectively. Every product would come 
with a digital identity that reveals material components 
or ingredients, manufacturing processes and producers, 
making every aspect of the supply chain transparent and 
allowing you to make well-informed choices about what to 
buy. Imagine your waste collecting company receiving real-
time data about the amount and type of materials in public 
and household bins, allowing them to pick up on demand 
and to connect with manufacturers to redistribute used or 
unwanted products and materials.

Optimizing the route
Incipient satellite technology – enabling new forms of 
data collection from intelligent assets as well as through 
observation of the Earth – is changing how humans 
understand and manage materials and energy. Emerging 
business models in this field exploit enhanced tracking 
capabilities to unlock value in the logistics sector through 
new route optimization capabilities that essentially increase 
the utilization of assets. For instance, San Francisco-based 
Spire uses its privately owned nano-satellite constellation 
to provide a platform for globally tracking just about any 
asset, from trucks and trains to ships and planes, enabling 
intelligence generation for global production and trade. 
This enhanced visibility means that damage or loss of 
assets can be minimized. For example, the shipping arm 
of a large commodity company uses Spire’s technology to 
oversee its global fleet, enabling the client to minimize fuel 
consumption, determine optimal routing mid-voyage and 
reduce waiting time in ports. This kind of information about 
global supply chains also has knock-on effects in a variety 
of areas, such as facilitating industry decision-making 
around sourcing and supply, giving consumers increased 
transparency about the origin of goods, and providing 
visibility into global economic activity, growth and risks.

In a similar way, the information generated by mobile 
devices could provide decision-makers with the data 
required to optimize resource management on a global 
scale. Premise, a California-based data analytics platform, 
services organizations such as the World Bank and the 
Gates Foundation by leveraging both existing satellite-
based telecommunications networks and the proliferation of 
mobile phones66 to measure economic, political and social 
trends in real time. The company is attempting to develop 
the mechanisms required to track persistent and ongoing 
resource security issues around the world – food, water, 
electricity, medical services and connectivity – to serve as a 
cost-efficient crisis prevention system for decision-makers 
and ultimately to facilitate enhanced resource management 
around the world.

IoT-enabled market transparency is likely to shift 
consumer demand towards more resource-productive 
products

Rick Robinson
IT Director for Smart Data and Technology, Amey

Advancements in tracking technologies embeddable 
inside product material will lead to shift in thinking 
from product flow optimization in the supply chain to 
material flow optimization

Eric Rondeau
Professor, University of Lorraine
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Getting stuff back
When it comes to getting a product to market, asset 
tracking is already very advanced. Logistics giants like 
DHL or FedEx are able to determine the exact location 
and trajectory of every single parcel in their logistics chain. 
However, the application of these best practices to the 
reverse supply chain – the inbound flow and storage of 
assets and related information – has so far been very limited 
(to a large extent because of prohibitive costs67). Knowing 
the location and condition of assets and resources is a 
key enabler behind most reverse logistics programmes, 
and the proliferation of cheap, connected devices could 
help extensive tracking systems become the norm in the 
reverse cycle. Businesses that know where their assets 
and materials are, even after they left the supply chain, are 
better equipped to quantify recovery value on a product-
specific level, enabling the looping and cascading of assets 
across multiple use cycles.

One challenge of reverse cycle operations is that a collected 
product is often grouped with other similar second use-
cycle products, which might differ in value depending on 
how they were treated and maintained throughout their 
first use cycle. Industry experts indicate that if an asset is 
aggregated or “pooled” with other used assets and in this 
process the information on its individual quality is lost, it 
can get significantly undervalued. Increased transparency 
regarding the history, real-time location and condition of a 
product resulting from improved intelligent asset tracking 
could enable managers to reduce asset and resource 
value loss and increase the profitability of reverse logistics 
models. In addition, the ability of an intelligent asset to 
communicate its real-time location and condition means 
that reverse operations can be accurately timed, facilitating 
system optimization capabilities.

An emerging ecosystem of innovators is aiming to deliver 
cheaper, more sophisticated IoT-enabled solutions for 
better asset tracking. For instance, UK-based Provenance 
uses block chain technology to help businesses and 
their customers gather and keep track of data along 
and across the multiple use cycles of their assets. By 
tracking items geographically and revealing qualitative and 
quantitative product-related information, the Provenance 
system can identify assets that are not in use so they 
can be collected and launched into additional use cycles. 
According to Provenance, the model has the potential to 
assist the intelligent assets market to overcome existing 
interoperability challenges by laying the foundations for an 
open, secure global registry for all material items.

Getting assets back through reverse logistics can be 
challenging due to regional regulations.68 For multinational 
companies operating in a number of different markets, 
the web of trade policies relating to the import, export and 
handling of “waste” or used products can be onerous to 
navigate, and can discourage them from setting up reverse 
supply chains. For instance, Brazil, China and Russia do 
not have legal standards that distinguish remanufactured 
products from used products, and therefore they do not 
permit their importation.69 In an attempt to overcome 
such barriers, governments such as those in Denmark, 
Finland, the United Kingdom and the United States are 

currently investigating how to adjust existing regulation;70 
IoT technologies could help in the effort to amend these 
regulations. The online trading platform eBay, for instance, 
notes that embedded IoT technology (which could store and 
transmit the history, composition and present state of repair 
of a product) could help overcome logistical hurdles, such 
as those involved on delivery and cross-border compliance.

Another intriguing innovation in this space is IBM’s Reuse 
Selection Tool (see also the manufacturing section of this 
chapter). This platform will be able to compile and analyse 
IoT data about an asset’s location and condition, allowing 
users to quantify the cost and benefits of various reverse 
logistics options, including reusing, remanufacturing or 
refurbishing. Optimizing resource use in real time could be 
instrumental in enabling aspiring businesses to maximize 
profits in the inherently complex area of reverse logistics 
operations.

Collecting and sorting, turning waste into resource
Intelligent assets are also augmenting capabilities in waste 
management and recycling. Sensing technology is, for 
instance, beginning to be used in this sector to achieve 
higher recycling yields through more precise sorting 
activities, as well as allowing operators to optimize waste 
collection routes and incentivize citizen and business waste 
disposal activities.

Tomra, a multinational corporation that creates sensor-
based solutions for optimal resource productivity, uses its 
technology to establish state-of-the-art recycling through 
both reverse vending and waste separation, thereby helping 
its customers to improve their resource productivity by 
recovering materials through precise sorting processes 
during production. These services give insights into the 
composition of multiple types of materials, enabling both 
improved utilization and looping (in this case recycling) of 
resources across additional use cycles. Tomra states that 
these improved processes helped mitigate some 22 million 
tonnes of CO2 in 2014.71

Intelligent assets are also increasing the feasibility of 
optimizing waste collection routing, reducing costs 
associated with fines on overflowing bins and incentivizing 
certain waste disposal behaviour in specific areas. For 
instance, Amey, a UK-based infrastructure support 
provider, is currently developing a programme that uses 
intelligent bins capable of monitoring their capacity in real 
time, allowing optimal waste collection routing and the 
avoidance of fines. Looking forward, a system like Amey’s 
intelligent bin network may be complemented with user-
based identification tags allowing for more tailored waste 
disposal activities. The BURBA prototype, for instance 
– a European Union-funded project whose name stands 
for “Bottom-up selection, collection and management of 
URBAn waste” – uses such “user” or “disposer”-based 
tracking mechanisms. The prototype uses an app to inform 
the waste disposer about the location of specific bins in the 
area, making it easy for users to correctly dispose of their 
waste. Encouraging correct disposal behaviour could both 
increase the quantity of materials recovered and reduce 
misallocated waste streams (a major cost for recycling 
facilities).
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In addition to the logistical benefits of connected bins, 
data collected by these bins can also be analysed to help 
local authorities understand the waste disposal behaviour 
of citizens and businesses. This information can be used 
to optimize infrastructural elements (e.g. the placement 
of bins). Radio-frequency identification (RFID) or mobile 
user-based recognition at the point of disposal, together 
with data collected in the waste treatment plant, could 
also assist local governments in launching successful 
incentives to reduce waste volume and improve recycling 
rates. These include, for example, more directed information 
and capacity-building programmes, the introduction 
of differentiated collection taxes or fees based on 
performance, or “good” behaviour reward schemes.

Sorting technologies such as those provided by Tomra can 
also reduce structural waste early in the value chain. In the 
mining industry, for example, up to 50% of the run-of-mine – 
raw materials coming directly from the mine to be delivered 
to the preparation plant – could be rejected by precise 
sorting at an early stage, which could save large amounts 
of structural waste in materials transport. Tomra describes 
how an Australian mining client who currently spends 
approximately 25% of its product value on road transport 
alone can, by installing pre-transport sorting, substantially 
reduce vehicle and fuel costs. Similar reductions of 
structural waste are experienced in the food-processing 
industry where optical sorters can analyse up to 45 tonnes 
of product per hour. Tomra is currently sorting around 180 
different foods for its clients, assisting them to reduce food 
waste by approximately 5–10% and to maximize their yield.

Frank Appel: IoT and Logistics Play a Crucial 
Role to Enable The Circular Economy
An interview with Frank Appel – Chief Executive Officer, 
Deutsche Post DHL Group

What would a compelling vision of an IoT-enabled 
economy look like for you in 10 years’ time?
I believe that we will see a more circular economy in 10 
years’ time. To design value chains with regenerative 
products, materials and energy and with zero waste, we 
have to rely on enablers such as the IoT, a global political 
framework with the right incentives and circular logistics 
with return solutions. In a future circular economy, products 
and materials become smart, being connected to the IoT. 
Integrated chips and sensors can ensure that life-cycle 
information relevant for the reuse of products and materials 
is collected and stored. The products will communicate with 
users, collectors and remanufacturers to ensure they are 
returned and reused after their first life cycle. Additionally, 
the condition monitoring of sensitive goods during 
transport, storage and use will expand product lifetime.

How do you see your organization fitting into this 
vision?
Both IT and logistics play a crucial role when it comes 
to enabling the circular economy. An optimized flow of 
products and materials has to be ensured on a digital and 
physical level. Logistics enables products and materials 
to be recovered and reused in an effective manner. The 
more information on the products’ life cycle and residual 
value provided through the IoT, the more efficient the return 
logistics network can be. At the same time transparency on 
assets’ locations through IoT technology increases network 
efficiency, with the management of swap bodies being just 
one example. Expanding the vision of the circular economy 
to our business means establishing a seamless logistics 
network with integrated return and processing and the 
provision of materials and products for the next life cycle.

Another area of great potential for synergies from IoT and 
logistics is the focus of the circular economy on renewable 
energy and designing out waste. Smart, communicating 
vehicles sharing traffic and network information can further 
increase logistics’ efficiency – another area of our current 
innovation activities.

What do you think are the major hurdles and barriers 
to achieving this vision?
In dialogue with our customers, e.g. from the technology 
sector, we see the great potential of the circular economy. 
But what holds us back from implementing this system 
at full scale? Some key hurdles are the lack of consumer 
demand and the existing boundaries for returning products. 
This includes, but is not limited to, access to return points, 
the low residual value of returned products and complexity 
due to regulations on cross-border shipping.
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If you could design an action plan for overcoming 
these hurdles and challenges what would your first 
three steps be?
First, we have to enhance our network (on both a digital and 
physical level) to improve the return and reuse of products 
and materials. This task is already on Deutsche Post DHL 
Group’s agenda.

Second, collaboration of companies within and across 
different sectors is essential, including manufacturers, IT, 
logistics and recycling organizations. The Ellen MacArthur 
Foundation’s CE100 programme (which we are a member 
of) offers a great platform for this collaboration.

Third, enabling the transition towards the circular economy 
should be on the political agenda. I am glad to see that the 
European Commission is already working on identifying 
related actions. Looking at our customers’ and our own 
commitment to a sustainable and responsible business 
approach, I am confident that we will see a more significant 
transition of our economy in the near future.

Intelligent Natural Capital
Agriculture and fishing

Intelligent assets are reshaping humans’ ability 
to manage the Earth’s natural capital. IoT-driven 
insights into the complex dynamics of natural 
resources are enabling conventional agricultural 
systems to significantly increase asset productivity 
while simultaneously enabling the regeneration of 
land. Crop production and wild catch fishing are two 
industries starting to develop new ways of unlocking 
the value created by combining circular economy and 
intelligent asset value drivers. Further technological 
and system advancements have the potential to 
expand on these solutions and enable these sectors 
to increase global food production while minimizing 
resource use and environmental damage.

Imagine a world in which agricultural producers – through 
the ability to monitor and manage their crops and livestock 
more effectively – will meet the increasing global demand 
for food without having to transform more ecosystems 
to farmland. Imagine local farmers being able to reduce 
pesticide, fertilizer and water use to regenerate their land, 
while at the same time producing more fresh produce. 
Imagine the world’s oceans rebuilding their richness 
of fish and other living creatures as a result of satellite 
tracking of fishing activities and the subsequently improved 
enforcement of international regulation.

An expected 60–70% more food is needed by 2050 to feed 
the world’s growing population and middle class.72

Intelligent assets on land
Sensing technology and so-called precision agriculture are 
transforming the agricultural sector, helping to overcome 
land and resource productivity challenges. Farming today is 
increasingly becoming a high-tech profession with farmers 
being supported by sophisticated management software, 
helping them monitor, for example, soil nutrients, moisture 
content, pest and disease control, yield per square metre 
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or nutrient content. Venture investment figures show the 
enthusiasm about future value creation opportunities 
associated with these applications. In the first half of 2015 
alone, venture investment in so-called “AgTech” start-ups 
reached $2.06 billion; this figure was close to the $2.36 
billion raised during the whole of 2014, a record year in 
itself.73

While over the past decades productivity in industrial 
agriculture has continuously increased on a per square-
metre basis, it has come at the expense of additional input 
factors (e.g. fertilizers, pesticides and fuel). However, the 
recent development of sensor technology and cloud-based 
management systems enables farmers to greatly enhance 
asset productivity by generating the same or increased 
output with less input. As illustrated by the examples 
below, real-time IoT-enabled knowledge about the location 
and condition of their assets allows managers to optimize 
resource applications and improve the input/output ratio, 
as well as reduce soil compaction costs and other negative 
externalities associated with farming activities.

The Spain-based company Libelium, together with a large 
number of hardware and software partners, develops 
open source sensor platforms and cloud solutions that 
allow its clients to observe, measure and respond to the 
environmental conditions, diseases and pests that affect 
their agricultural production. This so-called precision 
agriculture enables growers to take action at the field level 
by matching farming practices to crop needs, and thereby 
reduce the use of pesticides, fertilizers and water, while 
boosting yield. Similarly, California-based start-up OnFarm 
developed data-feed management decision tools that allow 
clients such as Capay Farms to effectively organize, analyse 
and synthesize the data provided by a large number of on-
site sensors from up to 40 different suppliers, and combine 
it with external data, such as weather forecasts and water 
table readings.

Large agricultural players may choose to develop IoT-
driven management systems themselves. Auscott Limited, 
one of Australia’s leading cotton grower-processors, has 
developed sophisticated, customized IoT-based irrigation 
and cotton-bale tracking systems that help the company 
achieve world-class yields (approximately twice the global 
average). Auscott combines real-time monitoring of its water 
cycle on site, river-based sensing, satellite-based remote 
sensing and weather information. This approach allows 
optimized water usage and field productivity by reducing 
water wastage (run-off or evaporation) and soil erosion. This 
development is highly valuable in the semi-arid region in 
which Auscott operates – the company estimates that every 
1% of water saved is worth 200,000 Australian dollars, 
while a 1% yield decrease (due to eroding soils) would cost 
675,000 Australian dollars annually. In addition, to ensure 
best practices and quality control, Auscott’s cotton-bale 
tracking system uses plastic module wraps embedded with 
RFID tags to track the cotton from the exact GPS-derived 
location where it is harvested. This allows managers to 
monitor cotton quality variation within every square metre 
of their fields. Simultaneously, Auscott uses John Deere 
cotton pickers that continually monitor yield per hectare 
as they harvest the cotton. The quality and yield data can 
then be combined with topographic and plant density 
information to optimize irrigation and the application of NPK 
fertilizers (nitrogen, phosphorous and potash or potassium), 
pesticides and herbicides, as well as farming practices such 
as crop rotation, and even labour and machinery use.

Natural capital regeneration
The evolution of connected sensors and digital 
management platforms could also help farmers to 
regenerate their natural capital by improving the ability 
of their land to maintain or even replenish nutrients and 
topsoil. Maintaining or improving soil structure involves 
many factors, including achieving a healthy level of 
microbial activity, high levels of organic matter and 
reversing or preventing soil compaction. These factors are 
often interrelated and have positive effects for soil water 
and nutrient-holding capacity, and ultimately reduce soil 
degradation.
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The Food and Agriculture Organization of the United 
Nations estimates that land degradation costs an average of 
$40 billion annually worldwide.74 

However, the regeneration of natural capital in conventional 
industrial agriculture is not easily achieved and sometimes 
requires drastic actions, such as the reduction of overall 
yields in the short term, combined with more long-term 
changes. As pointed out by such practitioners as the Balbo 
Group in Brazil, a regenerative agricultural system needs to 
begin with the right design principles – intelligent assets are 
not a plug-and-play solution. The challenge is to measure 
the right things. According to Fernando Alonso of the 
Balbo Group, there is a risk that the information collected 
by the sensors prompts the farmer to optimize for short-
term productivity rather than long-term regeneration, since 
what’s best in the long term could be difficult to deduce 
from the data.

Yet, as illustrated by the following examples, connected 
sensors can significantly improve a farmer’s ability to 
understand what is needed to maintain topsoil health and 
avoid degradation – an important development towards 
land regeneration.

–– Sensors monitoring soil nutrient content allow farmers 
to observe and manage nutrient threshold levels and 
determine if and when intercropping, crop rotation or 
other management practices are required to prevent 
irreversible soil degradation associated with loss of 
nutrients.

–– IoT enables high accuracy of data on pest levels and 
a shift from a preventative full pesticide application 
approach to directed treatment of infected specimens – 
either by spraying only when necessary or quarantining 
or destroying the affected crops before the damage 
spreads – which reduces pesticide use as well as 
the risk of “super bugs” evolving. Libelium notes that 
sensing technology has been crucial to move towards 
a balanced and resilient viticulture, as documented in 
customer case studies in vineyards in Europe.

–– IoT-based knowledge prevents and helps reverse soil 
compaction. Compacted soil impedes root growth and 
limits the ability of the plant to take up nutrients and 
water, which could eventually lead to irreversible land 
degradation. For instance, Auscott uses machinery 
equipped with GPS devices that allows them to follow 
specific traffic pathways with approximately 2 cm 
precision and substantially reduce soil compaction. 
Although the associated yield benefits are difficult to 
allocate to one specific farming practice, Auscott’s Chief 
Executive Officer Harvey Gaynor describes how moving 
to controlled traffic systems can increase dryland grain 
farming yields by around 16% on either side of each 
wheel track.

–– The Balbo Group has georeferenced all sugar cane 
rows on its farms using GPS, allowing equipment such 
as harvesters, harvesting trucks and tractors to be 
automatically piloted when inside them, improving yields 
by ensuring that heavy equipment does not crush crops.

In sum, ubiquitous sensing allows farmers to better 
understand the complex causal effects of specific 
operations and resource applications. This can have 
important implications for better understanding, optimizing 
and scaling emerging practices such as permaculture and 
holistic land management.75 

Intelligent assets at sea
Intelligent assets could also enable better maintenance 
and the regeneration of natural capital in oceans and seas, 
which is significant partly because fish play a critical role in 
global food security.

In 2010, fish accounted for 16.7% of the global population’s 
intake of animal protein and 6.5% of all protein consumed.76

Many of the most valuable marine resources, however, are 
already depleted.77

About 30% of the tuna and tuna-like species (including 97% 
of the highly valued Pacific bluefin tuna) and nearly two-
thirds of other straddling stocks and stocks of other high 
sea fishery resources are estimated to be overexploited or 
depleted.78 

One of the major challenges for marine fish stock policy 
development and management is illegal, unreported 
and unregulated (IUU) fishing.79 Advancements in space 
technology, intelligent assets and analysis networks are 
enabling monitoring and surveillance in areas that previously 
proved impossible to monitor. Companies like Spire are 



37Unlocking the Circular Economy Potential

providing real-time satellite sensing services that notify 
concerned authorities about IUU fishing activities. Data 
provided by Spire and institutions such as the European 
Space Agency are enabling independent organizations to 
establish fisheries monitoring and surveillance platforms 
using an integrated data approach, such as the one created 
by the Satellite Applications Catapult. The technology 
merges an array of data, including biological information on 
expected fish migration routes, historical fishing information 
and satellite data, to determine and communicate illegal 
fishing activities to authorities.

Advancements in satellite data availability will not only 
contribute to the reduction of illegal fishing activities and 
the associated immediate stock rebuilding effect, but 
could also provide international policy-makers with the 
monitoring and enforcement tools they require to establish 
more comprehensive international fish stock management 
legislation, potentially leading to achieving the long-term 
regeneration and sustainable management of the natural 
capital in our oceans and seas and the associated food 
security and bottom-line opportunities.

Ricardo Abramovay: Digital Devices to Boost 
Socio-biodiversity
Ricardo Abramovay – Professor at the University of São 
Paulo

Valuing the activities of populations that live in the forest 
and depend on it for their livelihoods is one of the most 
important ways of strengthening the mega-diversity of the 
Amazon and other important Latin American areas. Up to 
now these regions have been characterized by an economy 
of destruction and not by any form of natural knowledge 
economy. An economy based on the knowledge of 
nature, however, can only flourish if it supports itself on 
the practices of those whose production systems are 
already part of the forest’s living dynamics. It requires 
the participation of at least three central actors: the 
traditional populations that inhabit territories with rich socio-
biodiversity, the companies that purchase their products 
and the consumers themselves.

But how would it be possible to establish effective 
contact among worlds so far apart? The answer lies 
partly in being able to communicate the origins and 
journey of these products – and here intelligent assets 
can be critical enablers. Brazil’s biggest bread-producing 
industry, Wickbold, will soon be including a QR code on its 
packaging that will enable the consumers of its products to 
know the story of the Brazil nuts in their bread: where they 
come from, who took part in their production and other 
information about the threats to protected areas and how 
to address them. In other words, digital technology creates 
transparency on what benefits sustainably produced food 
are creating, enabling a fairer valuation on the market.

Indigenous groups, riverside communities and those who 
live in extractive reserves are being trained to enable them 
to include the relevant information in digital devices so that 
the industry can offer its customers information about the 
socio-environmental bases of what they are consuming.

This initiative already enjoys the participation of several 
Brazilian companies and will be the starting point for 
expanding the system. It is a fine example of how digital 
technology can draw peoples with very different lifestyles 
closer together and can strengthen the feeling that the 
prosperity of all depends on our ability to value the activities 
of those who exploit the standing forest in a sustainable 
way.
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Smart Cities – Focal Points to Improve 
Resource Productivity
With 60% of the world’s population expected to 
be living in urban areas by 2030, cities are focal 
points for both consumption and (structural) 
waste. Consequently, they provide a fruitful 
ground for solutions that combine the design 
and implementation of intelligent assets with key 
principles of the circular economy. These solutions 
are driven both by businesses and entrepreneurs 
– forming synergistic ecosystems of services that 
increase asset and resource productivity – and policy-
makers, who are in the position to make large-scale 
infrastructure investments, design regulation and use 
sensor-generated data to create incentives for more 
effective resource use.

Imagine you are meeting friends for dinner in a nice 
restaurant in the city centre. But you’re running late; it’s rush 
hour, the roads are busy and you have no idea where to 
park your car. Now imagine you’re in a city where an app 
aggregates real-time traffic data and reporting from drivers 
to show you the quickest route, and LED lights downtown 
help you and other motorists set a smooth pace so that the 
car you picked up from the city’s sharing pool gets there 
as swiftly as possible and waiting times at red lights are 
minimized. Finally, another smartphone app guides you to 
the nearest available parking space.

The average private car spends 15% of its driving time in 
congestion and 20% looking for a parking space. Improving 
transport flows and introducing intelligent parking systems 
will reduce congestion and therefore emissions.80

If your friends convince you to stay for yet another drink, 
you can top up your parking meter directly from your 
mobile, while real-time transport displays inform you about 
available buses, trams or trains you can take to get home. 
Because the temperature has dropped, your phone will ask 
the heating system in your house to warm up 30 minutes 
before your arrival. Lights will switch on and the kettle will 
boil hot water for a cup of tea just seconds before you 
approach your front door.

The US Environmental Protection Agency found consumers 
could reduce energy usage by 10–30% using schedules 
and temperature settings of programmable thermostats.81

Yet despite the heated house and hot drink, you are feeling 
ill the next day. Imagine you stay home and do a health 
check remotely using a table-top device that analyses a 
blood sample and sends the results to your hospital. If 
needed, a prescription can be sent directly to your local 
pharmacy within minutes. Not only will you save time, but 
the hospital will also save important resources and be able 
to devote more attention and space to seriously ill patients.

Berg Insight estimates that the number of patients using 
connected home medical monitoring devices will grow by 
44.4% each year to reach 19.1 million by 2018.82

A circular economy perspective can unlock the total 
value of smart city solutions
Cities are focal points for material flows, productivity and 
consumption. With some 180,000 people moving into cities 
every day, they are home to 54% of the world’s growing 
population, a number expected to increase to 60% – 5 
billion people – in 2030.83 
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Cities consume 75% of natural resources globally. They 
produce 50% of global waste and 60-80% of green house 
gas emissions.4

At the same time, since cities function as concentrators 
of materials and nutrients, they are the perfect stage 
for designing out structural waste as well as capturing 
residual value in secondary material streams. In areas 
such as energy, waste management, built environment 
and healthcare84, connected devices can help increase 
resource productivity while dramatically freeing up capital 
and time – and help city authorities to develop an urban 
planning approach built on circular principles. Smart city 
solutions can help governments achieve many of their core 
objectives, including improved health services, minimized 
waste and resource use, sustainable domestic water usage, 
decreased emission and pollution levels and the improved 
flow of transport systems. A circular economy perspective 
can help unlock the full potential of the value intelligent 
assets can bring to the urban environment by providing 
guidance through every stage of the development and 
implementation of smart city solutions, and by widening the 
arena for their application.

For example, with 9% of global electricity, 10% of gasoline 
and 13% of solid waste flowing through 27 of the world’s 
biggest megacities alone, urban environments provide 
enormous potential for mainstreaming the idea and the 
broader application of “closed loop” thinking.85 Cities could 
aim to use intelligent assets to close the resource loop 
through, for example, improved recycling, asset sharing as 
well as the deployment of asset tracking technologies.

Albeit limited in how much additional resource productivity 
they enable individually, the ecosystems of smart city 
solutions could together revolutionize the way resources are 
used and consumed in cities. Benefits are wide-ranging for 
citizens (reduced time and monetary investment, improved 
health, less stress), entrepreneurs (space for innovation), 
the public sector (lower resource use, reduced costs) and 
the environment (reduced emissions and pollution, and 
increased utilization and longevity of assets).

In the transport example outlined above, asset tracking 
paired with mobile technologies enable multiple car-
sharing models such as Zipcar, DriveNow or Car2Go. The 
proliferation of these models means that a larger number 
of people can reach their destination with fewer assets 

and less time invested. The driving pattern of shared cars 
encourages electrification since they would often be parked 
in designated bays that could feature chargers, and the 
sharing pattern incentivizes designing cars that are more 
durable and easy to repair. Apps such as Parker reduce 
both the driving time looking for a parking space and the 
associated energy consumption. Apps such as Waze help 
drivers minimize their total driving time by real-time route 
planning. Intelligent traffic lights further reduce congestion 
and lead to smoother driving with less wear on vehicles. All 
in all, the impact on resource productivity in this example 
could be massive.

Transport is only one of the urban systems in which intelligent 
assets can unlock value synergistically. Asset tracking mean 
that products are reused or cascaded back into a different 
use cycle rather than discarded. In that way, resources would 
remain in the city’s ecosystem for longer (or ideally forever) 
and waste, as well as costs for sourcing new resources or 
raw materials, would be reduced to a minimum. A future city 
could source its share of the $21 billion worth of gold and 
silver that goes into the electronics manufactured each year 
from its own waste. Its lifts, escalators, fridges, lighting and 
heating systems, desks, chairs, phones and laptops could 
be owned and tracked by their manufacturer, who will either 
maintain and improve them or take them back and reuse 
them when your company decides it wants to get new ones 
or move to a different location. And the family housing could 
be much cheaper because the construction company owns 
and tracks the materials to reuse or sell at the building’s end 
of life.

Pioneers in smart city transformation
Just as a city’s ecosystem of producers and consumers 
creates vast amounts of structural waste (e.g. congestion, 
emissions, health issues) and waste (e.g. food waste, 
packaging, sewerage) so can an ecosystem of solutions 
based on smart, connected devices gathering large-scale 
data address these problems. Even though transformation 
will happen to a large extent through new business-to-
business or business-to-consumer solutions, governments 
and city planners can play an important role by providing a 
long-term perspective and investing in large-scale solutions 
(for example through public-private partnerships). Arup 
estimates that the global market for smart city solutions and 
the additional services required to deploy them will amount 
to over $400 billion by 2020.86 Although transforming a 
metropolis that has evolved organically for hundreds of 
years into a smart interconnected ecosystem no doubt 
represents a difficult challenge, some cities across Europe 
have already achieved significant results by implementing 
smart city solutions. A few examples:

In Helsinki city authorities are aiming to “unlock the 
ecosystem of mobility” and render car ownership 
obsolete by offering citizens a “mobility as a service” app. 
This will enable users to plan and purchase their most 
efficient journey – whether by bus, taxi, ferry or bike, or 
a combination of these – at a cheaper price with greater 
flexibility. The government has recognized that multimodal 
transport infrastructure is critical to the success of this 
initiative. A key element of connectivity is Helsinki’s public 
bike hire service and cycling infrastructure with lanes 
totalling 1,000 km in length.87

Overcoming humanity’s greatest resource challenges 
requires a comprehensive, integrated understanding 
of technology and data …Nowhere else is this clearer 
than in cities

Melanie Nutter
Principal, Nutter Consulting and former Director of the San
Francisco Department of Environment
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In London, where heat comprises nearly 50% of the city’s 
energy demand and causes about 30% of its carbon 
emissions, authorities are aspiring to establish connected 
and mutually reinforcing heat and electricity networks to 
create integrated energy systems at a neighbourhood, 
district and ultimately city level, delivering secure, affordable 
and low-carbon energy to citizens and businesses. Smart 
city technologies and platforms will play an important part 
in achieving this vision by enabling effective integration and 
operation of heat and power systems and their associated 
infrastructure to improve their ability to deliver benefits to 
both energy companies and consumers. For example, the 
creation of Virtual Energy Plants using smart technologies 
and platforms could increase the flexibility of energy 
systems by coordinating and controlling multiple generating 
plants in different locations so that they operate as one 
plant.

integrated operations centre that hosts connected software, 
allowing for real-time monitoring of meteorological, crime, 
traffic and emergency data, as well as live camera feeds.91

With about 30 village dwellers moving to a city every 
minute, India is urbanizing at an unrivalled rate. City 
authorities have recognized that to address the resulting 
challenges of that movement, India’s cities need to become 
a magnet for investment. With the announcement of 
transforming 100 cities into smart cities, the government 
is laying the foundation for improved security, water 
management and energy use.92

Collaboration and data sharing enable the creation of a 
smart and circular city 
Public sector data are one of the single largest sources of 
information in Europe with an estimated market value of 
€32 billion, with €56 billion of additional gains if barriers 
were removed and the data infrastructure was improved.93 
As pointed out by Neil Crockett of Digital Catapult United 
Kingdom, “increased data sharing will enable organizations 
to more effectively overcome challenges and profit on 
IoT opportunities”. The reuse of public data for smart city 
solutions could enable innovative and universal applications 
and services, while creating new business opportunities, 
jobs and greater choices for consumers.94 To capture the 
full potential that smart city solutions can offer, city officials 
have the important role of both fostering the development of 
IoT-enabled applications in everything from urban planning 
to healthcare, while at the same time creating enabling 
conditions for a thriving ecosystem that embraces the core 
principles of the circular economy.The consultancy Rambøll has recently assessed the 

socio-economic value of “Copenhagen Connecting”, an 
IoT-based strategy concept to improve the city’s quality of 
life and resource effectiveness. The report found that the 
currently developed smart city solutions are estimated to 
create annual socio-economic benefits of €590 million, 
through 11–32% optimized car traffic flow, 2.4 million car 
hours saved, €1.7 million in fuel reduction, 5.5 million m3 
reduction in water use, 180,000 tonnes reduction in CO2 
emissions, and a 50% reduction in stolen bike rates.88 

In the United States cities have started to use IoT 
technologies to tackle waste problems on streets and in 
public areas. For instance, San Francisco has installed 
solar-powered, sensor-enabled waste bins that measure 
waste levels and compact items to reduce overflow. The 
bins share the data with local authorities, allowing them to 
enhance efficiency by planning collection routes based on 
demand. The use of this system can reduce operational 
costs by 70–80%.89

In South America, cities are also stepping up their game. 
Already 37% of streetlights in Lima are connected to a 
real-time traffic management system. Moreover the city is 
currently exploring how to deploy IoT solutions to make its 
infrastructure and economic activity low carbon in areas 
ranging from energy and transport to buildings and local 
ecological systems.90 In Mexico City, city officials have 
started looking at technology that would allow buildings 
to absorb nearby smog, creating a cleaner, safer city 
atmosphere, while Rio de Janeiro has invested in an 

A plan for converting data into useful information to 
achieve specific city resource management goals is key 
to best-practice smart city strategy

Morten Højer
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Carlo Ratti: Spawning Circular Innovation –  
Big Data to Open Data  
Carlo Ratti – Professor of the Practice and Director, 
SENSEable City Lab, Massachusetts Institute of 
Technology; Founding Partner, Carlo Ratti Associati

Big data today is getting really “Big”. According to a well-
known quantification by Google’s Eric Schmidt, every 48 
hours we produce as much data as all of humanity until 
2003 (an estimation that is already three years old). A lot 
of this data is produced in cities, through “sensing” – the 
ability to measure what happens around us and to respond 
dynamically. New means of sensing are suffusing every 
aspect of urban space, where “intelligent assets” reveal their 
visible and invisible dimensions. IoT also offers new ways to 
analyse and measure cities. Learning more and more about 
our cities puts us in a historically unique position to make 
more informed and intelligent decisions about resource 
use that affects almost every aspect of our lives – such 
as energy, waste, food distribution, healthcare, education 
and traffic. Therein exists great opportunity for aligning IoT 
innovation with circular economy principles.

To harness the vast range of opportunities offered by the 
spread of intelligent assets, the citizen must be involved 
in the process of managing resource use within cities. 
Citizens hold the ultimate control of their day-to-day 
activities and how they influence their surroundings, and 
IoT tools have the potential to give them the possibility to 
better understand and manage this influence. Mobile phone 
platforms are becoming key IoT enablers and hold great 
potential for unlocking circular economy value in this space.

In order for us to scale up the opportunities by the interplay 
between intelligent assets and circular principles, it is 
critical that an increasing number of people – users and 
developers of IoT – be involved by making big data and 
information public. In other words, big data should become 
open data to have a big impact on our lifestyle and cities.
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The surge in intelligent assets is expected to 
irreversibly transform industries and societies, and 
when paired with circular economy principles, this 
transformation has the potential to unlock tremendous 
value opportunities. However, for the full potential of 
these value opportunities to be realized, both private 
and public stakeholders must play an important role 
in addressing a number of technological, policy and 
business-related issues. As technology develops, 
there is a growing need for innovators and regulators 
to work together to leverage the richness of data 
generated while at the same time ensuring the privacy 
and integrity of organizations and individuals. Looking 
ahead, intelligent assets deployed in concert with 
circular principles could play a crucial role in facilitating 
the transition towards an economy that is truly 
restorative and regenerative.

5. From Ideas to Action

Taken together, the value creation opportunities emerging 
in the sectors discussed in chapter 4 indicate that 
the synergies created there could indeed be major 
contributions to the acceleration of the transition towards 
the circular economy. However, the examples and expert 
perspectives presented in this report converge on the need 
to overcome several challenges to capture the full value 
at stake: reducing the costs of complexity and enabling 
interoperability; making technologies more transparent 
and accessible to the customer/user; and ensuring the 
security and privacy of data. If they don’t address these 
challenges, businesses and other stakeholders could miss 
out on capturing the full value creation potential presented 
by recent technological development. For example, while 
73% of companies across all sectors are already investing 
more than 20–30% of their technology budgets in big data 
analytics and a majority expect to increase spending in that 
area in the coming years, in 2013 businesses missed out on 
an estimated $544 billion, or 47%, of the total value created 
by IoT during that year.95 

Since much of the potential highlighted throughout this 
report lies in the evolution of new business systems that 
reinforce restorative or regenerative practices among 
independent stakeholders, there is also a risk that a stalling 
development of innovation or data-sharing platforms 
prevents the more “circular” benefits. Since circular 
business models and innovation need an extensive flow 
of information, limiting this flow may also limit resource 
management solutions to increase efficiencies. That is, IoT 
will no doubt increase the resource efficiency of assets and 
processes, but it is less clear to what extent it will be able to 
foster system effectiveness and propel the development of 
circular business models. As pointed out by several experts, 
the right enabling conditions for open innovation and data 
sharing are key to this development.

How should the key challenges be addressed? And where 
could this interplay lead if the challenges are adequately 
addressed? While there is of course no “one size fits all” 
answer, this chapter outlines a series of questions and 
enabling activities to help private and public decision-
makers to begin addressing challenges that could prevent 
them from capturing the full value at stake while driving the 
shift towards the circular economy.

Future market share will be captured by business 
models able to successfully leverage IoT-enabled 
transparency to exhibit circular economy activities

Rick Robinson
IT Director for Smart Data and Technology, Amey
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Nicolas Cary: Imagine a World in Which all 
People can Trust Each Other
Nicolas Cary – Co-Founder, Blockchain

The greatest barrier to the acceleration of IoT is a broken 
financial trust and security model. You cannot have the 
circular economy and a network of intelligent assets without 
the widespread adoption of a global open financial protocol 
for value transfer. Current payment rails are antiquated, 
proprietary, slow and expensive. They also exclude billions 
of people and are fraught with fraud and risks. Thanks to 
the development of block chain (the technology behind the 
crypto currency bitcoin), we now have the opportunity to 
democratize the financial system and let people who do not 
know or trust each other complete an economic transaction 
without relying on an intermediary.

Let’s step into the future a little. Imagine a world in which 
a Berber guide in the Saharan desert can instantly send a 
payment, to anyone in the world, at near zero cost. Imagine 
a world where your intelligent refrigerator detects you 
are running low on eggs and automatically orders them 
from Amazon with expedited drone shipping. Your fridge 
escrows the funds with a geolocational trigger, and when 
the drone arrives the payment is instantly done. Or better 
yet, imagine a world where you are running late for a flight 
and the Heathrow Express is severely delayed. Well, good 
news, you can order your self-driving, self-repairing and 
materially refurbished car, and pay it a surcharge fee to 
negotiate with all the other self-driving cars on the road to 
get out the way, automatically.

Unfortunately, before this can happen we have to 
completely reinvent the way payments work, and leverage 
a recent, critical innovation in computer science known as 
the bitcoin blockchain. Credit cards and other payment 
systems are Jurassic and inflexible channels for the age of 
the Internet. For example, online fraud is widely reported 
to be outpacing growth in e-commerce. This should not 
be a surprise to anyone who has studied the security 
model. Centralized data storage, combined with a 90-

day settlement period for credit card payments, creates 
honey pots that attract hackers. Last year, hundreds of 
financial institutions were compromised in increasingly 
large breaches of personal and financial data. Traditional 
centralized security models no longer work. In addition, 
credit cards take a base fee and 2–3% of every transaction. 
Sadly, over 4 billion people can’t even get credit cards and 
legacy-banking systems simply cannot scale to support an 
intelligent asset development where micro transactions will 
dominate the vast majority of volume.

The future financial system will be designed differently, 
leveraging decentralization as a core principle in risk 
mitigation. In this world, anyone on earth will be able to 
participate in creating economic value on the Internet, 
using a financial protocol that allows individuals and 
machines to manage their own funds. The blockchain is 
a game-changing innovation because now, for the first 
time in history, a bitcoin wallet holder can transact with 
any other bitcoin wallet holder on earth, without having to 
rely on an intermediary. A few thousand lines of computer 
code can now do what banks have done for thousands of 
years, not to mention forex markets, clearing houses and 
merchant processors (all of which drive friction and cost in 
transactions today).

The technology behind the blockchain has the potential to 
reshape not just the flow of capital but also the efficiencies 
of supply chains. As a shared, secure record of exchange, 
the blockchain can track not only the transaction but 
what went into a product and who handled it along the 
way. With blockchain, all bitcoin transactions can include 
a small referenceable amount of data, which means that, 
in a world of Internet-enabled devices, container ships, 
trains and trucks can record and capture any relevant 
details like location and elemental conditions and ensure 
that supplies are properly managed along their journeys. 
This data can then get captured and broadcasted to the 
bitcoin blockchain – the world’s largest and most secure 
distributed computing database. A system that can create 
true transparency, helping everyone study the provenance 
of goods and raw materials – a spreadsheet in the sky.

***

For intelligent assets to create value in a circular economy, we need frictionless payments as well as billions of Internet 
devices negotiating with each other, unleashing market forces to bring down the costs of goods and services for all. 
Supply chains will be transparent and the quality of our food, healthcare and products will be improved. As an industry, 
we have a lot of technical work to accomplish, specifically focused on scaling transaction capacity. We also need to build 
better software and experiences that allow people to more easily get used to interfacing with digital currency. On public 
awareness, we need to do a much better job of educating policy-makers, influencers and general consumers about this 
groundbreaking technology.
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Asking The Right Questions
As much as connected, intelligent assets represent 
the technological answer to many present and future 
challenges, posing the right questions is key to steering the 
exploration of opportunities in the most beneficial direction 
for both businesses and society. This section outlines 
a series of questions for businesses and policy-makers 
seeking to capture the value presented by the interplay 
between circular economy and intelligent asset value 
drivers. The scope of these questions is not limited to a 
specific industry or geography and aims at demonstrating 
ways in which institutions and individuals can begin to 
translate ideas into action.

Questions for Businesses
1. How would the adoption of circular economy value 

drivers and the use of intelligent assets affect your 
industry? For example, if your industry shared pre-
competitive data generated by intelligent assets, how 
much value could be created through increases in asset 
and resource productivity?

2. Could intelligent assets help you deploy new business 
models in accordance with circular economy value 
drivers?

3. Would the generation of detailed product information 
throughout the use cycle result in any design changes?

4. What value could you recover from assets you have 
sold in the last five years – and could information 
generated by those assets change this value?

5. Could data generated by your assets enable you to 
introduce (or improve) a reverse cycle programme 
in your business (including reverse logistics, 
remanufacturing/refurbishing and recycling)?

6. What financial model changes are required for your 
company to move from selling products to providing 
performance contracts?

Questions for Policy-makers and the Public 
Sector
1. What would a programme to support education, 

collaboration and innovation in the interplay between 
circular economy and intelligent assets look like?

2. Could you in any way support markets in overcoming 
the interoperability challenge for intelligent assets?

3. Could public procurement guidelines be designed 
to encourage circular business models enabled by 
intelligent assets?

4. Can your institution facilitate the sharing of big data 
between industry stakeholders while maintaining data 
privacy and security? Is there a need to oversee current 
legislation?

5. Could knowledge generated by intelligent assets 
enable your institution to develop incentive schemes for 
businesses and individuals to become more resource 
productive (e.g. reduce waste, improve waste disposal 
behaviour, reduce energy and water resource demand, 
improve transportation flow)?

6. How could innovation and privacy and data protection 
flourish at the same time?

Rick Robinson: a Call for Circular Policy – 
Nurturing Innovation, Capturing Value 
Rick Robinson – IT Director, Smart Data and 
Technology, Amey

The rise in IoT applications could significantly improve 
global market transparency, fundamentally changing 
the way consumers, government organizations and 
businesses make purchasing and investment decisions. 
More informed decisions would be made with increasing 
ease, a phenomenon that could dramatically shift consumer 
demand towards more resource-productive business 
models and shape them in ways we do not yet fully 
understand. Through this increased transparency, demand 
for circular products and services would grow, generating 
enormous market potential for products and services as 
well as entire business models designed to capture this 
demand. Models that successfully leverage IoT-enabled 
transparency to exhibit circular economy activities and 
establish a competitive advantage – through instrumenting 
the performance and impact of resources, supply chains, 
production processes and distribution networks – would 
succeed by capturing market share.

These changes in market transparency and the shift from 
the linear to the circular economy are unlikely to be driven 
by existing consumer demand alone, however. Consumer 
and business purchasing decisions are driven by many 
other factors – such as value for money; the quality of the 
end product; its ease of use; immediacy of purchase and 
association to brand values. To accelerate the shift – and 
perhaps to drive it to the extent required – both national 
and local policy initiatives are required to incentivize the 
development of the market.



45Unlocking the Circular Economy Potential

Writing about the communities in which many of us live and 
work, in her book The Death and Life of Great American 
Cities, Jane Jacobs explains that “private investment 
shapes cities, but social ideas and law shape private 
investment”. An expressed governmental commitment to 
the circular economy, through the use of mechanisms, 
such as procurement practices, planning and development 
policies, industry regulations and tax regimes, would shape 
the market to deliver on these goals. When a local authority 
or government institution expresses such a commitment, 
subsequent spending and investment in everything from 
new property developments to consumer purchases to the 
provision of waste services, catering or parks management 
will incorporate circular economy goals, challenging IoT 
users and developers and driving innovation as part of the 
competitive market process, having an enormous effect on 
the shape of the broader market.

Looking at today’s IoT landscape, it can be argued that 
the market is in one way or another set to experience large 
growth looking forward. Whether this growth effectively 
captures potential value creation possibilities posed by 
the circular economy – fuelled by increased consumer 
preferences for more resource-effective products and 
services – will be determined by whether the public and 
private sectors can agree on market-shaping policies and 
practices that are effective in steering investment in circular 
economy solutions in a way that creates transparent 
value for citizens and consumers while offering sufficient 
opportunity for profit to attract private sector investment 
and IoT innovation. That will be politically, socially, 
economically and financially challenging dialogue; but it is 
a dialogue that we desperately need to succeed in order 
to stimulate the development of the circular economy at a 
pace that will make a difference.

Setting the Right Enabling Conditions
A converging theme in the opinion pieces featured in 
this report is the challenge of enabling open, yet secure 
data sharing that fosters innovation and generates trust 
between stakeholders. The most significant challenge for 
businesses is to successfully move towards more open 
innovation, gradually shifting from the traditionally protective 
approaches focused on centralizing data to maintain 
control, while ensuring adequate trust and security. The 
greatest policy challenge is to create an environment where 
businesses are able to innovate openly while at the same 
time ensuring organizations’ and individuals’ integrity with a 
strong legal framework.

Actions for Businesses
Employing both intelligent assets and circular economy 
principles requires a number of new capabilities for 
businesses to obtain a competitive advantage in the new 
economy emerging from the digital revolution. Below are 
some actions that – once a plan has been formulated – 
could help businesses capture the opportunities presented 
in this report.

Develop technical capabilities. Businesses will not only 
need the right sensing and interpretation technology but 
also the capabilities to filter, connect and make sense of 
the generated information in order to create mechanisms 
that support decision-making processes in the most 
beneficial way. Value is created from this information over 
several stages (i.e. data are created, communicated, 
aggregated, analysed and acted upon96) and businesses 
and customers alike ideally need to be able to extract value 
from all stages to optimize asset and resource productivity 
and make processes more circular. The choice of course 
exists between developing such capabilities in-house and 
outsourcing them – leading to a number of difficult decision 
points for organizations, but also to the possible emergence 
of new service sectors.
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Adapt financing models. Circular business models 
enabled by intelligent assets could disrupt several financial 
aspects of businesses, including capital structure, 
accounting and valuation. Better transparency of asset 
inventories will lead to more accurate valuation of those 
assets, and would influence the supplier-customer owner 
incentives. Future balance sheets could therefore look very 
different. Performance and sharing models are just two 
examples of business models changing customers’ and 
suppliers’ need for capital – which could in turn disrupt 
capital markets.

Develop flexible business models. Within the emerging 
IoT landscape, business models capable of swiftly adapting 
to rapidly changing environmental and economic variables, 
such as commodity prices, inventory levels, and supply and 
demand patterns, will be future market leaders. The IoT 
enables real-time profitability optimization, and businesses 
need to adapt their strategies and operations to allow more 
flexible and quicker responses to rapid changes in markets 
among competitors.

Develop skill. Investing in state-of-the-art hardware and 
software tools that create and aggregate big data is worth 
little to businesses unless they also have the right skills to 
translate this wealth of information into the right designs or 
decisions. Moreover, developing circular business models 
requires a broad set of capabilities in areas such as design, 
engineering, logistics and procurement. Companies need to 
invest in both recruitment and training activities to build the 
right skills among staff to understand and harness the new 
opportunities.

Develop collaboration platforms. Open innovation 
will not automatically lead to synergistic value creation 
and increased profits for everyone. The interoperability 
challenge is one that can only be overcome through the 
creation of collaborative environments where businesses, 
universities and innovators converge to solve problems 
in an open environment. Collaboration platforms along 
and across value chains, without constraints caused by 
competitiveness concerns, are therefore important catalysts 
for harnessing the potential in the interplay between circular 
economy and intelligent asset value drivers. For large 
businesses, internal collaborations may be just as critical to 
coordinate innovation.

Actions for Policy-makers and the Public Sector
Successful policy-making involves a tailored approach 
to problem-solving and setting goals specific to a region, 
which is arguably also a requirement for capturing value 
resulting from the interplay between circular economy 
and intelligent assets. Many policy-makers face the 
challenge of creating an appropriate regulatory environment 
around a technological innovation that effectively ensures 
stakeholder trust and security while encouraging innovation. 
Sophie Hackford at WIRED explains how technologies, 
and the entrepreneurs leveraging them, are accelerating 
away from the capabilities of existing legal infrastructure 
to manage risks effectively, and that this development 
provokes alternative ways of providing a more effective 
regulatory system. Lessons learned from other fields, 
such as biotechnology or geoengineering – where the 
creation of “guiding principles” for stakeholders to abide 
by was preferred – could prove useful.97 On the other 
hand, sensitive issues like data privacy and security require 
a robust legal framework with adequate enforcement 
mechanisms. The key challenge for policy-makers lies in 
stimulating (open) innovation while ensuring data security 
and generating trust for those who are directly and indirectly 
linked through intelligent assets. To address this and other 
challenges related to enabling progress in the circular 
economy–intelligent assets interplay, they could consider 
instruments in the six categories outlined below.98

Information and awareness. These policies aim to change 
the ingrained patterns of behaviour of individuals and 
companies by providing them with broad or narrowcast 
information campaigns, or changing the curriculum or 
educational approach in schools, universities and continuing 
education. Since both circular and IoT-related innovation 
requires the private and public sectors to cooperate across 
traditional sectorial and functional silos, an understanding 
of the economic potential and the necessary practicalities 
is crucial and often lacking. To improve individuals’ and 
societies’ ability to engage with technology, many countries 
have started national initiatives, such as the US “digital 
promise”, created to spur the research, development and 
adoption of breakthrough technologies in all areas.99 Similar 
programmes could be designed to create awareness of the 
limits of the linear economy and alternative, circular ways of 
doing business.

Collaboration platforms. These platforms can take the 
form of collaborations with some degree of government 
support, such as industrial symbiosis arrangements or 
R&D collaborations between academic and industry 
players. An important role of policy-makers is to incentivize 
businesses to overcome interoperability hurdles by fostering 
cross-industry collaboration, including providing safe 
sharing environments (e.g. “test beds”) where multiple 
stakeholders can come together to solve existing problems. 
The demonstrator platforms set up by Digital Catapult 
United Kingdom are examples of a government-funded 
organization stimulating open innovation through the 
creation of test beds. These bring together businesses, 
universities and innovators to solve key challenges to 
growth in the IoT market while fostering circular practices.

Large-scale interoperability demonstrators are key to 
harnessing value

Neil Crockett
Chief Executive Officer, The Digital Catapult United
Kingdom
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Business support schemes. Government financial 
support such as grants, capital injections and financial 
guarantees all fall under this category, alongside the levers 
of technical support, advice, training and the demonstration 
of best practices. Possible solutions range from brokering 
traditional investment through public-private partnerships 
to using more innovative solutions including crowdfunding, 
as well as providing sufficient funding for research and 
education to support innovation from the circular economy–
intelligent assets interplay. Finally, governments can create 
investment stimuli for models created by pairing circular 
economy principles with intelligent assets by underwriting 
some of the risk involved. An example of this is Innovate 
UK – a government-funded body providing R&D funding 
for specific projects. Its mission statement is to fund, 
support and connect innovative businesses to accelerate 
sustainable economic growth. It has already funded IoT 
projects regarding both security and smart cities, and 
circular economy business models.100

Public procurement and infrastructure. The public sector 
can step in to provide purchasing power that is lacking in 
the private sector due to entrenched customs and habits 
among companies and citizens or market failures, and 
which prevent IoT-enabled circular economy activities taking 
off. An early example is “Copenhagen Connecting” – an 
initiative of the Danish city Copenhagen. It plans to use 
smart data in traffic lights and lighting to create a more 
efficient traffic system that will increase safety for all road 
users and reduce traffic. When fully implemented, the 
initiative is estimated to yield economic benefits of roughly 
$735 million.101

Regulatory frameworks. The application of government 
regulations to mandate or stimulate circular economy 
activities enabled by IoT technologies, or prohibit or 
discourage non-circular practices, can either change 
existing regulatory instruments or create new legal 
frameworks. However, given differences in the speed 
between the development of new policies and new 
technology and associated security issues, it is practically 
impossible for policy-makers to implement effective policy 
targeted at specific issues. Instead, policy-makers should 
focus on creating a secure, enabling environment. One 
example is to allow the development of an IoT-enabled 
information infrastructure that could make it easier to 
differentiate between resources and “waste” in cross-
border trading, which would in turn help governments 
control resource flows and build material backbones. A 
second example is establishing data privacy and security 
frameworks to create trust and confidence in the IoT 
market. At the moment the IoT is such a new technology 
that no such data privacy regulations exist; however many 
governments have started addressing this issue, such as 
the US Federal Trade Commission, which urges companies 
to adopt best practices to address consumer privacy.102

Fiscal frameworks. These instruments include different 
types of taxes and government subsidies. They can be 
applied to the market to either encourage circular economy 
activities enabled by IoT technologies, or discourage non-
circular activities. For example, getting rid of (sometimes) 
indirect subsidies for raw material extraction or fossil fuels 
could further incentivize performance models. As illustrated 
by the Ex’Tax Project, shifting the taxation structure from 
labour to natural resource use could further incentivize 
circular practices as well as potentially create hundreds of 
thousands of jobs.103
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Looking Ahead
Intelligent assets form a powerful disruptive trend affecting 
most industries. The technology is already a market reality 
and will continue to grow, yet whether this growth will 
effectively capture the value creation opportunities offered 
at the interplay with circular economy value drivers will be 
determined by whether public and private stakeholders 
manage to successfully design and implement the enabling 
conditions required to overcome the challenges discussed 
above.

Looking ahead with a broader perspective, one can 
envisage staggering benefits, though it remains an open 
question to what extent and how fast this potential will be 
harnessed. Below are just a few possible outcomes that 
could be realized if intelligent assets were to be further 
designed, developed and deployed in concert with circular 
principles.

Enable material backbones. In the study Growth Within: 
A Circular Economy Vision for a Competitive Europe, one 
key recommendation for Europe is to develop a “material 
backbone” – a system to optimize the circulation of 
materials and minimize the need for virgin resources – to 
strengthen its competitiveness. Intelligent assets – in 
particular asset-tracking solutions – could be instrumental in 
realizing that vision.

Optimize stocks and flows. The ability of intelligent 
assets to monitor the flows of both technical and biological 
materials means that the question of optimizing stocks and 
flows – a cornerstone in achieving the circular economy104 
– is no longer theoretical. It would be facilitated through 
combining an increased access to assets and multiplying 
the number of users per unit (e.g. through sharing platforms) 
with refining reverse logistic solutions enabling restoration 

through remanufacturing, and an increased transparency of 
the complex flow of residual and raw materials.

Reveal and quantify the cost of externalities. A major 
barrier for the transition towards the circular economy is the 
hidden cost of negative externalities. Sensing technology 
is already tracking detailed flows in, for example, food 
production systems, and in the future the extension of 
these applications could reveal the source of externalities, 
such as greenhouse gas emissions or ecosystem service 
destruction, in detail. This would not be a complete solution 
but a key step towards setting an accurate and fair price on 
these externalities.

As the global economy, and our living environment, become 
increasingly permeated by technology and intelligent 
assets, it is important for businesses and regulators to 
develop a more structured and system-based approach 
to the role they play in improving resource effectiveness, 
and with it people’s quality of life, while at the same time 
safeguarding personal privacy and security. A first step 
towards creating and capturing value through the interplay 
between intelligent assets and circular economy principles 
involves increased cooperation between stakeholders within 
and across sectors (as well as between public and private 
sectors). If companies and policy-makers manage to identify 
and articulate the opportunities presented by the circular 
economy – and integrate them in their strategies or policies 
– the synergies created together with intelligent assets 
could indeed be instrumental for solving several of the core 
challenges of designing an economy that is truly restorative 
and regenerative.
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