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 WHITEPAPER 

MOVING IN CIRCLES:  
LOGISTICS AS KEY ENABLER  
FOR A CIRCULAR ECONOMY

The principle of the Circular Economy is to keep raw materials as long as possible 

within the economic cycle generally free from waste and emission. To do so, end-

of-life products and materials must be kept at the highest possible level of value 

creation according to their original use. To realize such a circular way of economy 

adapted logistics concepts to coordinate both material and information flow are 

inevitable – beside approaches to product design for recycling and new business 

models. Developments of digitization, Industry 4.0 and Internet of Things offer 

solutions that have not yet been applied to a large extend. However, possible dis-

advantages of Circular Economy like rebound effects and increased demand for 

resources by deploying digital technologies must be taken into consideration. Due 

to its strong integration into the processes of production, use and waste manage-

ment logistics in particular has to contribute to a sustainable economy. This white-

paper introduces logistical trends supporting the transformation towards a Circular 

Economy. The focus of the whitepaper is on the materials cycles of the technos-

phere consisting of non-renewable resources.

FUTURE CHALLENGES IN LOGISTICS AND SUPPLY CHAIN MANAGEMENT

The publication series “Future Challenges in Logistics and Supply Chain Manage-

ment” addresses current challenges, illuminates trends and focusses on novel tech-

nologies and business models. 

The various volumes of the publication series present the future picture of an inno-

vative industry that is designed and lived up to by research and practice.
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MOVING IN CIRCLES:  
LOGISTICS AS KEY ENABLER  
FOR A CIRCULAR ECONOMY

The paradigm shift of the Circular Economy

In recent years, the concept of the Circular Economy caught more and more 

attention in research, industry and society. In the context of the strongly increased 

global economic development in recent years with decreasing raw materials and 

challenges of climate change and environment protection at the same time, the 

Circular Economy is to contribute to creating a sustainable, resource-efficient, low-

carbon and competitive economy. Primary objective is, first of all, to guarantee 

the supply of raw materials by economizing resources and increasing resource 

efficiency. Closing cycles of products and materials supports decoupling the 

economic development from the consumption of resources. [1]

One of the biggest hurdles for that is organizing the cooperation of all stakehol-

ders beyond different levels of value creation. It is necessary that the relations bet-

ween producers and suppliers in (global) supply chain networks do not primarily 

focus on the manufacturing processes and the final product any more but are plan-

ned to successfully close the cycles. Here, logistics is decisive as it allows the linking 

of the different levels of value creation beyond the entire product life cycle. This 

includes – besides concepts for extending life cycles – integrated logistics concepts 

for both supply and disposal and an improved stock management. Moreover, reli-

able statements on availabilities of secondary parts and materials are as important 

as the control of product flow according to the principles of supply chain manage-

ment. The developments of digitization, Industry 4.0 and Internet of Things offer 

new approaches for that, which have yet to be fully exploited. 

The significant challenge consists in integrating stakeholders of the circular econo-

my in the supply chains and the circulation of materials in production and econo-

my systems so that the paradigm shift from supply chain management to mana-

ging “circular supply chains” can be accomplished. Possible negative effects like for 

example rebound effects or an increased consumption of resources by using digital 

technologies need to be considered. Due to its strong integration in the proces-

ses of production, use and waste management logistics is specifically responsible 

to not become part of the problem itself but make a contribution to a sustainable 

economy. 
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CONCEPT

Briefly, the term “Circular Economy” means turning away from the linear “take-

make-dispose” principle (produce, use and dispose) towards an integrated, circular 

way of that always keeps the use and value of all products, parts and materials at 

the highest possible level. The model distinguishes between technical and biolo-

gical cycles. Consumption happens only in biological cycles, where food and bio-

based materials (such as cotton or wood) are designed to feed back into the system 

through processes like composting and anaerobic digestion. These cycles regenera-

te living systems, such as soil, which provide renewable resources for the economy. 

Technical cycles recover and restore products, components and materials through 

strategies like reuse, repair, remanufacture or (in the last resort) recycling. [2]

A study of Ellen MacArthur Foundation and McKinsey [3] demonstrates examples 

that about 95 percent of the value of used raw material gets lost in Europe where-

as material recycling and energy recovery from waste captures only 5 percent of the 

original raw material value. An average product produced in Europe (except for buil-

dings) only has a life cycle of nine years. For the purpose of a Circular Economy, very 

early on, products must be designed for recycling, hazardous materials must be 

avoided, manufacturing processes, use paths and business models taken in conside-

ration and building up logistic systems towards life cycle management expedited.

The Circular Economy aims at the following activities: [4]

ZZ Reuse: products, parts and components are reused after repair, upgrades or 

reprocessing while retaining the shape according to their original use. 

ZZ Refurbishment: products, parts and components are reused in secondary 

usage options while retaining their original shape.

ZZ Recycling: extraction and further use of materials/substances from products. 

Moreover, Circular Economy also includes models for maximizing the utilization 

and extending a product‘s life through collaborative approaches (e.g. “Sharing”, 

“Collaborative Economy”). 
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The Circular Economy is considered benchmark for new economic activities. 

Products are considered over their entire life cycle and beyond and all steps of 

the supply chain are included. That requires an extensive and strategic trans-

formation of economy – for logistics that means moving away from classic 

supply chain management towards managing circular supply chains.

 

In addition to all positive effects, Circular Economy can also have disadvantages: 

e.g. rebound effects. Something is considered a rebound effect if increasing the 

efficiency of a technology leads to an extended use of this technology and therefo-

re the originally achieved saving in resources is partially compensated or even over-

compensated. Moreover, the implementation of digital technologies can lead to a 

higher consumption of resources as the production of semiconductor components 

is extremely resource intensive. [5] Necessarily, logistics processes will be oriented 

towards both the resources productivity and resources efficiency with respect to 

their impact in future so that logistics presents itself as part of the solution and not 

as part of the problem. 

STAKEHOLDERS 

Circular Economy is a project that will revolutionize economic activities. Such a 

change requires the synergy of numerous stakeholders, e.g. government stakehol-

ders, companies and consumers.

Government stakeholders

Government stakeholders are important for Circular Economy as they can foster 

a sustainable economy through laws, investments, research programs and other 

incentives and avenge harmful behavior.

First and foremost, legislature regulates waste management and emissions of pro-

duction processes through waste and environmental laws. The so-called waste hie-

rarchy, recycling rates and regulations on the separation of specific waste streams 

are only some of the rulings. Moreover, legislature creates the basic conditions 

and incentives to induce companies to responsible and sustainable economizing 

(e.g. through extended producer responsibility, encouraging the use of secondary 

raw materials or biodegradable packaging, eco-design guidelines). In this context, 

the taxation of resources additionally to the taxation of labor is more and more 
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discussed considering resource depletion and as to create a strong incentive for 

sustainable use of resources and respective climate protection effects. [6]

Legislature can also ensure to integrate the consumer into the Circular Economy more 

strongly. It must guarantee that consumers are given the necessary information for 

their purchase decisions (e.g. via obligatory eco-labels) and the recycling systems are 

designed in a way to integrate as many consumers as possible. The public sector itself 

also plays a role in the Circular Economy as local authorities for example take part in 

the economic cycle as intermediate, partner as well as purchaser themselves. Thus, it 

can strengthen the demand and with that also the market and standards for “circu-

lar” products under the motto of the so-called “green public procurement” 

Companies

The manufacturing companies play a central role in the Circular Economy. With 

their decisions for the use of secondary raw materials, product design for recycling, 

new technologies and business models (e.g. “product as a service”), consequently 

taking over the producer responsibility and – in cooperation with retail – develo-

ping recycling systems and logistics concepts they make a decisive contribution to 

the success of the circular approaches. 

One of the biggest hurdles is organizing the cooperation of all stakeholders bey-

ond various levels of value creation. In the context of supply chain management 

there are already comprehensive, partly global relations between producers and 

suppliers in which the perspective of the production process respectively the end 

products is priorities within planning processes (“what do we need for a success-

ful end product?”). However, in a Circular Economy the circulation of products and 

materials (“How can we guarantee that the product is recyclable as long as possib-

le?”) and the prerequisites for close cooperation of all partners, if necessary up to 

the final customers, need to be prioritized.

Besides producing industry and retail there are two more industries particularly 

affected by Circular Economy: the waste management business and the logistics 

sector.

The Waste management and recycling industry is facing the challenge to 

newly define its role in the Circular Economy and to integrate new technologi-

cal standards into the own processes at the same time. It must get away from the 

push principle, which means offering the secondary raw materials processed from 
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the left over waste without necessarily being able to reliably comply with the pro-

duct qualities, delivery quantities and deadlines defined by customers. In future, 

it must orientate towards the pull principle usual in supply chains in which waste 

management companies and producers jointly define criteria for the production of 

premium, need-based secondary products and materials that find a ready market. 

Close cooperation is of significant importance for both sides. 

In 2017, topics like digitization and supply chain management are still mostly new 

territory for the waste management sector. Digital technologies such as dynamic 

tour optimization or container identification have no far-reaching penetration in 

the sector currently. A study funded by the German Federal Ministry for the Envi-

ronment, Nature Conservation and Nuclear Safety shows that Circular Economy 

can benefit the most from digitization but is at the same time significantly worse 

prepared than for the upcoming digital transformation compared to five more lead 

markets. [7]

Until now, the companies of the recycling industry are not or just partly involved in 

supply chains of producers and trade. In the course of implementing Circular Eco-

nomy concepts, however, they must meet the respective requirements as supplier 

of secondary raw materials and be able to take part in the electronic exchange of 

necessary information. [8] In future, waste management enterprises specialized in 

logistics will moreover have to face enhanced competition with “classic” logistics 

service providers. While the processes of waste management mainly include both 

return and disposal processes, logistics for the Circular Economy must also consider 

logistical features of procurement, production and distribution in forward-looking 

supply chains of manufacturing industry while at the same time processing and 

carrying along the relevant information.  

In particular, the connection between waste management and recycling com-

panies providing secondary materials on the one hand and the manufacturing 

industries as supplier on the other hand is one of the main logistical challen-

ges of the transformation towards a Circular Economy.

 

The Circular Economy will help classic logistics providers to open up opportuni-

ties and broaden their portfolio. Because circulation of secondary materials leads to 

changing product streams which necessitate different logistics approaches. Examp-

les are logistics for small spare parts, modular and repairable products or reverse 

logistics for end-of-life electronic devices. For example, courier, express and parcel 
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services (CEP) already provide for the reverse logistics of distributed material flows 

today such as online rebuy systems for second hand clothes or second hand mobile 

phones (e.g. Momox-Fashion [9], “Handyankauf” of Deutsche Telekom [10]). Also 

collaborative business models for the shared use of products require more complex 

and dispersed transport logistics between the different users that could be partly 

organized by logistics service providers.

Consumers 

Consumers will also have to contribute to a functioning Circular Economy with 

both their consumer behavior and their active participating in the collection sys-

tems, take-back schemes and reverse logistics concepts for end-of-life products. 

Although legislature, companies and industries can submit the necessary regulati-

ons, infrastructure and product offers designed to close materials cycles, the con-

sumers ultimately decides which products they buy, whether they resell them or 

give them away and how they separate the waste streams.

In the last years, resource productivity within Europe increased considerably (by res-

pectable 41% between 2000 and 2016 within EU-28 [11]) which shows that manu-

facturing industry seeks to exploit possibilities for an economical and efficient use 

of resources within production processes. Therefore, the main reason for the ongo-

ing excessive use of natural resources seems to be consumer behavior, although a 

majority of European consumers (77%) would rather have products repaired than 

buy a new product according to a Eurobarometer study from 2014. [12] At this 

point, there is thus a gap between the consumers‘ wishes and the business models 

of the producers who give significantly higher priority to the sale of new products. 

This is also evident in the marketing strategies that generally do not aim at using 

products as long as possible in their campaigns but at selling new products. Alt-

hough after-sales services are a key element of customer-relationship-management 

(CRM) and spare parts business leads to considerable revenues (e.g. automotive), 

these topics are hardly considered in marketing activities.

A variety of (mostly digital) tools providing information on sustainable consump-

tion and solutions for recycling or proper waste management to the consumers 

may help to work against this trend. For example, apps provided by local waste 

management companies or “MyMüll.de” [13] inform about waste collection dates 

or help to allocate waste to containers. Apps for a sustainable lifestyle such as 

“Codecheck” [14] and “ToxFox” [15] provide information on harmful components 

and “Nabu Siegel-Check” [16] provide guidance for the various eco-labels. 
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DRIVERS AND BARRIERS

Although the principles of the Circular Economy are not new, they are subject 

to different barriers which delayed the complete transformation so far. However, 

recent developments and especially technological innovations accelerate the imple-

mentation to a previously unprecedented extent. Table 1 shows a selection of both 

barriers and drivers that have to be taken into consideration when developing 

models for a future Circular Economy.

Barriers

Business Models •	 Business models focus on selling (non-durable) goods

•	 Transition to new (service-oriented) business models 
require radical change of mindset

Technologies •	 Recycling technologies are technically immature

•	 Data exchange beyond circular supply chains is not yet 
possible (data security/sovereignty)

Cooperation •	 Lock-in effects (existing relations between supplier and 
customer) and complexity of established value chain 
networks

•	 Major efforts to integrate the actors along all levels of 
the value chain 

Products •	 Products/materials are not designed for recycling (espe-
cially mass products with short innovation cycles such as 
smartphones)

•	 Products and materials are too complex

Knowledge •	 The producers‘ lack of knowledge of their products‘ 
materials composition (especially those of components 
and modules externally purchased) effectively prevents 
design for recycling

Costs •	 Costs for logistics and recycling are high  
(compared to energy recovery from waste)

•	 Costs for new systems deter the producers from investing

Markets •	 Demand for secondary raw materials still too low

•	 Primary material is still cheaper than secondary material

•	 Sustainability plays no/subordinate role in procurement 
processes

Table 1: Selection of drivers and 
barriers for the transformation 

towards Circular Economy
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Legal requirements •	 Until now, there is no comprehensive legal basis for the 
Circular Economy; Regulation focusses on separate waste 
and environmental laws with only few connection to 
product/business laws

Consumer behavior •	 Products serve as status symbols

•	 Common »bargain hunter mentality«

Drivers

Resource scarcity •	 Volatile prices of primary resources

•	 Import duties and market foreclosure

Legal Requirements •	 Approaches for legislation on Circular Economy (e.g. eco-
design, extended producer responsibility, »green public 
procurement«)

•	 Restriction of waste incineration and landfilling

Technologies •	 New production technologies, digitization, Industry 4.0, 
Internet of Things, disruptive technological innovations 
(e. g. internet platforms, apps, machine-to-machine com-
munication, track & trace of containers) [17]

Sustainable development goals •	 Compliance with the United Nations‘ »Sustainable Deve-
lopment Goals« to be seen as a task of the society as a 
whole and an individual responsibility of each company 

Consumer behavior •	 Growing environmental awareness

•	 Increasing quality standards and service orientation (e.g. 
product-as-a-service, mobility-as-a-service)

Some drivers and barriers base on the same effect mechanisms – this demonstra-

tes that stakeholders on different levels start rethinking their actions (e.g. a change 

in consumer behavior, adjustment of the legislation. However, there are still big 

efforts required to accelerate the implementation.

One of the biggest challenges remains the complexity of designing value creation 

networks in terms of a Circular Economy. Companies are often afraid of the costs 

and organizational effort with respect to the difficulties assessing opportunities 

and risks associated with a new business model (for example from selling new pro-

ducts towards service-based models). Especially small and medium sized companies 

struggle with this as they often fear the “cannibalization” of their core business 

model without having an equivalent replacement.
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LEGISLATION AND POLICIES 

So far, there has been no explicit initiative on Circular Economy in Germany that 

goes beyond the previous regulations of waste management. However, the Ger-

man Resource Efficiency Program (ProgRess) of the Federal Ministry for the Envi-

ronment, Nature Conservation and Nuclear Safety lays down the guidelines for 

“making economic and production methods in Germany gradually more indepen-

dent of primary raw materials, further developing and expanding the circular eco-

nomy” and “securing the sustainable use of resources in the long term through 

social orientation towards qualitative growth”. [19] 

On a European level, the European Commission laid down the key elements of the 

Circular Economy in the “Action Plan for a Circular Economy” (so called “Circular 

Economy Package”). [20] The overall objective of Circular Economy is to “preser-

ve the value of products, materials and resources within the economy for as long 

as possible and to produce as little waste as possible”” and thus to contribute to a 

sustainable, low-carbon, resource efficient and competitive economy. The action 

plan explicitly addresses a product‘s life cycle from production (product design and 

manufacturing processes), use phase up to waste management. A set of indicators 

is currently being discussed from the fields of production and consumption, waste 

management, secondary raw materials, competitiveness, innovation and economy 

being suitable to measure the progress of European economy towards a Circular 

Economy. [21]

The Circular Economy Package constitutes a first set of activities including the revi-

sion of some EU-regulations with view to the Circular Economy (e g. directive on 

waste (Directive 2008/98/EC), the packaging and packaging waste directive (Direc-

tive 94/62/EC), directive on batteries and accumulators and waste batteries and 

accumulators (Directive 2006/66/EC), directive on end-of-life vehicles (Directive 

2000/53/EC) and the directive on waste electrical and electronic equipment (WEEE) 

(Directive 2012/19/EU)). The proposals include stricter recycling quotas especially 

for the packaging waste, a maximum landfill quota of 10% for all municipal waste 

valid from 2030 and suggestions for further individualization of extended producer 

responsibility. 

Furthermore, it can be assumed that the so-called Ecodesign Directive (Directive 

2009/25/EC) will also be affected in the course of further legal adjustments at EU 

level as it can also address requirements on eco-design beyond its current focus on 

energy consumption. European regulations regarding environment and consumer 
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production such as the directive on the restriction of the use of certain hazar-

dous substances in electrical and electronic equipment (RoHS-Directive 2011/65/

EC) and the regulation concerning the Registration, Evaluation, Authorization and 

Restriction of Chemicals (REACH-Regulation (EC) 1907/2006) and accompanying 

rules and international agreements on the transshipment of waste within and bey-

ond EU such as the Basel convention are currently not concerned. However, in the 

future they are likely to be also revised according to the objectives of the Circular 

Economy.

So called “right to repair” initiatives focusing on the repair of products are also 

part of the Circular Economy. In July 2017, in its “motion for a resolution on a lon-

ger lifetime for products” the European Parliament adopted further requirements 

regarding the easy access to repairs and spare parts and “discouraging the fixing-in 

of essential components such as batteries and LEDs into products”. [22]

Representatives from European Commission and business and environment and 

consumer organizations currently discuss the measures proposed in the Circular 

Economy Package and the related legislation in a controversial way. However, this 

initiative is also considered as a strong signal of the European Institutions and their 

member states to seriously support the transition towards a Circular Economy. 

Experience in the environmental sector shows: Regulatory measures often 

trigger technological innovation (e.g. recycling technologies deriving from 

landfilling restrictions and recycling quotas). This applies also to the transfor-

mation towards the Circular Economy.

 

POSITIONING OF THE INDUSTRY 

International waste management, recycling and industry associations characteri-

ze the Circular Economy as basis for sustainable growth. With a Circular Economy, 

Europe could be able to increase its grade of independence from other countries in 

terms of scarce resources. [23] In their position papers, they laid down framework 

conditions and requirements considered necessary for a successful transformation: 

[24, 25, 26, 27]
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ZZ Market creation for secondary raw materials and a fair competition between 

primary and secondary resources;

ZZ Political instruments supporting the transformation such as reduced taxes on 

secondary raw materials respectively on products using such materials; 

ZZ Easy export and transshipment of recycling materials within Europe (to enable a 

Europe-wide waste planning);

ZZ Increasing the manufacturing of products from secondary raw materials with a 

focus on repair and recycling (product design);

ZZ Supporting the knowledge transfer from European Circular Economy companies 

to the rest of the world; 

ZZ A Europe-wide standard to calculate the recycling rates according to fixed 

parameters taking into account data from all steps of the circular value chain;

ZZ A fair competition between public and private service providers.

The associations from all industries and sectors do not agree with the very detailed 

provisions on product design as they consider them as negative impact for the 

innovation capacity. [28] Furthermore, they ask to frame the provisions on the 

extended producer responsibility in a more flexible way. [29]

Orgalime – the European Engineering Industries Association representing the 

mechanical, electrical and electronic, metalworking and metal articles industries – 

is particularly affected by the Circular Economy activities. The sectors represented 

consist of multiple producers from the consumer and capital goods industry with a 

turnover of ca. 2,000 billion Euro in 2016 and standing for more than a quarter of 

the European production. [30]

In its position papers on the Circular Economy Package and Circular Economy 

Monitoring Framework, Orgalime is generally positive about the objectives of opti-

mizing resource use and “green growth”. It identifies specific points such as waste 

management (landfill ban for recycling materials, prohibition of illegal exports of 

electrical and electronic waste, extended producer responsibility for all stakehol-

ders within the waste management sector), quality standards for secondary raw 

materials, consistency in European waste and chemicals laws and mandatory use of 

“Life Cycle Costing” in public procurement. [31] However, Orgalime warns against 

a too narrow and isolated focus on the use of secondary raw materials and particu-

larly rejects a mandatory use of secondary materials by the manufacturers. [32] 
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Logistics in the Circular Economy

Logistics in the Circular Economy has to follow a different approach than logistics 

in the waste management and recycling industries does today, making advances 

in terms of processes and technologies used to fulfill its tasks. In the Circular Eco-

nomy, logistics has to fulfil more than classic take-back and disposal logistics of 

today‘s waste management services. Information and communication technologies 

will allow the integration of all actors along the value chain and enable new busi-

ness models.

Up until now, logistical value creation networks have been characterized by a line-

ar flow of materials, culminating in the disposal of goods associated with conside-

rable material and resource losses. This practice creates high amounts of materials‘ 

and value losses across an entire an economic system. Within this system, logistics 

is divided into two parts:

The “classic” logistics functions support procurement, production logistics and 

distribution of new parts and products whereas waste disposal logistics focusses 

on processes at a product‘s end of life. The utilization phase between the produc-

tion of consumer and industrial products and the processes of waste management 

constitutes a kind of intermediate stage that causes change of ownership and dis-

rupted information flows within the products life. End-of-life products together 

with their inherent information, components and raw materials are less effectively 

recycled as it would be possible within in an effective Circular Economy. In additi-

on, supply chains mainly focus on the production and distribution of non-durable 

goods and only rarely aim at closing loops in order to repair products. However, 

one of the most significant challenges in the transformation towards the Circular 

Economy is the integration of the recyclers as suppliers of high quality secondary 

products, components and raw materials on the one hand and the manufacturers 

buying these materials and offering repair services on the other hand. [33] In this 

respect, logistics is one, if not the most important factor of success. 

If used systematically and enhanced respectively, current logistics trends and 

developments in all fields of production and distribution of products can help 

supporting the transformation towards a Circular Economy. Vice versa, the 

potential of the Circular Economy will only be realized when adequate logis-

tics solutions are used.
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TRENDS AND DEVELOPMENTS 

Atomization of Shipments

The ongoing expansion of e-commerce increasingly leads to the atomization of 

transport units and thus, to extensive transport interdependencies between manu-

facturers, traders and end users. In turn, this leads to potentials within the cur-

rent collection of small and micro amounts of valuable materials in the framework 

of take-back systems respectively the classic redistribution logistics. For example, 

trucks of CEP services usually start their tours fully loaded whereas they will come 

back (partly or fully) empty. This free capacity piling up during daily tours could 

now be used for the redistribution of smaller goods. One example for such a use 

case within the Circular Economy is the take-back of used toner cartridges and 

redistribution to the manufacturers (e.g. Brother, Samsung) organized by courier 

services.[34, 35] Also, in some cases the consumer can send back their used elec-

tric or electronic equipment to the manufacturer, retailer or other third parties via 

such a system.

Information Logistics and Data Sovereignty 

Current efforts to enhance intelligent and targeted use of data in industrial produc-

tion focus on the provision of customer and actor specific data to be used in logis-

tics and production processes while respecting the highest standards for data secu-

rity and data sovereignty at the same time. [36] In this context, the “Industrial Data 

Space” initiative (IDS), co-founded by Fraunhofer IML, aims at creating secure data 

spaces to realise a broad cooperation between enterprises from the manufacturing 

industry and the logistics sector. For the time being, the initiative focusses on the 

forward logistics in supply chain networks towards the end users. Nevertheless, the 

principles of the IDS can also be applied to post-consumer value chains in the Cir-

cular Economy where they help providing information on material contents in pro-

ducts even beyond the products‘ end of life. This can bring a valuable contribution 

to closing materials cycles. By facilitating the secure exchange and linkage of data in 

trusted business ecosystems the reference architecture of the Industrial Data Space 

can help to provide information relevant for treatment and recycling of end-of-life 

products while at the same time ensuring the security of the manufacturer‘s data.

One of the most important challenges with regards to digitization of logistics pro-

cesses are technologies for securing transactions between different actors within 

value chains. One example is the Blockchain technology with its main areas of 
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application, e.g. crypto currencies and smart contracts in the financial industry and 

insurance sector. The application of this technology within the logistics sector is 

possible, yet still at the beginning. [37]

New manufacturing technologies 

New manufacturing technologies such as additive manufacturing enable other, 

decentralized methods of production which again lead to the deflection of the 

manufacturing processes and the materials‘ supply and waste disposal towards the 

end user. At the same time, new technologies and methods of production allow 

for an increased use of recycled material in excess of today‘s amounts. Fraunhofer 

IML is currently pursuing this approach together with other Fraunhofer institutes 

in the joint “BauCycle” project for the production of high-quality products from 

secondary mineral raw materials from construction and demolition waste. In this 

context, the implementation of innovative approaches to industrial production can 

only be realized on the basis of innovative logistics solutions. [38] Efforts to use 

secondary raw materials or re-use production waste for new metal and plastics 

based products in additive manufacturing processes are already being made. [39] 

Furthermore, manufacturing on demand (MOD) and the increasing trend towards 

customer-oriented “Lot-size-1 Production” of highly individualized products neces-

sitate innovative supply chain designs [40] which significantly differ from previous 

approaches and the structures of which can easily be interlinked with redistribution 

processes.

Figure 1: Linear material flows in 
today‘s »classic« supply chains 
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Autonomous Systems in the Industry 4.0 

The term “Industry 4.0” describes the transformation of the manufacturing indus-

try towards automation and a data driven 4th industrial revolution in which cyber 

physical systems (CPS) enable self-organizing processes in an unprecedented way. 

In cyber physical systems informational (cyber) components and mechanical or 

electronic and sensory (physical) components are merged to form an intelligent 

system. [41] Within CPS, different intelligent objects connect to each other, auto-

nomously optimize the networks themselves and – in co-operation with human 

interactors – solve problems. [42]

Dynamic, self-organizing supply chain networks support efficient manufacturing 

processes at the highest possible capacity of production and transport. Applied 

within the Circular Economy, the enhanced supply chain transparency of the Indus-

try 4.0 together with the integration of recyclers in the networks on equal terms 

can help manufacturers extending their materials base towards secondary raw 

materials.

Social Networked Industry

A new dimension of Industry 4.0 is the so called “Social Networked Industry” 

which presents the concept of a socio-technical system where people and machi-

nes work together as a team within industrial ecosystems. In terms of the factory 

of the future, this means that people and machines could communicate with each 

other in (digital) social networks which will lead to more efficient processes and 

put people more in the center of production. [43]

Daily business in the waste management sector is characterized by high physical 

load of the workers, which could be reduced by the use of technical equipment. 

The approaches of the Social Networked Industry in the future can support the 

development of adequate interfaces to assist this man-machine interaction.
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LOGISTICS TRANSFORMATION 

The trends and technologies outlined in this chapter can contribute to the long-

term objective of the Circular Economy at different stages of the value chain. They 

can enhance logistics within linear value chains with low priority to circulating 

resources such as shown in figure 1. In such value chains, they can close the infor-

mation gaps between production, use phase and downstream waste management 

processes as well as between the systems of manufacturers, recycling industry and 

third parties that are currently not sufficiently aligned to each other. Figure 2, in 

contrast, illustrates such a gap closure within a value chain.

The Circular Economy is characterized by changing but still largely continuous 

mass flows and material streams across the value added levels. This results in 

extensive logistics tasks and challenges, which, however, can be addressed by 

logistical and technological approaches available on the market.
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Table 2: Logistics trends and 
use cases for the Circular 

Economy

The increased transparency along the circular value chain serves as the basis to 

ensure a considerable circulation of post-consumer products, e.g. reconditioned 

electronic devices, components, or secondary raw material.

Principally, the trends and developments described can be applied in different use 

cases of the Circular Economy (see table 2).  

Technology/Trend Use cases (examples) 

Atomization of shipments •	 Reverse logistics of valuable material such as in end-of-
life electric and electronical equipment Reverse logistics of 
hazardous waste 

Information logistics and data 
sovereignty 

•	 Use of decentralized systems for the provision of information 
(even on highly individualized products) relevant for the pro-
cesses in the circular value chain »material passport«)

•	 Protection of transport documentation and respective data 
security

New manufacturing  
technologies

•	 Use of secondary raw material as a substitute to primary raw 
material 

•	 Integration of secondary raw material producers as raw 
material supplier in the supply chains 

Autonomous systems in  
Industry 4.0 

•	 Autonomous supply chains make use of raw materials and 
components from primary and secondary sources on equal 
terms

•	 Transport planning within supply chain networks is done 
across actors and functions for an optimal use of transport 
capacities

Social Networked Industry •	 Better human-machine-interaction to improve the work 
efficiency such as to avoid redundant paths in waste 
collection

•	 Augmented reality-assisted disassembly of complex products 
helps raising recovery rates and reducing the risk of injury
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In Circular Economy, the positive effects of trends and developments appear on dif-

ferent logistical levels – from the strategic network level within a supply chain down 

to the operational level of daily business. The trends and use cases described affect 

the actors involved and the environment in a broader way as shown in table 3.
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Producer Ó Ó Ó Ò Ó

Customer ? Ó ? Ó Ò

Recycling business Ó Ò Ó Ò Ó

Enviroment Ó ? ? ? Ó

Implications of logistical trends  
for actors and the environment

Ó 	positive effects

Ò	no change

? 	 unclear outlook, further research required

Although positive impacts on actors and environment can be identified, the effects 

cannot be estimated for all levels of a Circular Economy. In this regard, it is impor-

tant to know how the transformation will finally proceed and to what extend 

further effects like for example rebound effects will occur. Consequently, there is 

more demand for research.

Table 3: Impacts of logisticsl 
trends on environment  
and stakeholders
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Scenarios for a Circular Economy 

Current efforts towards a Circular Economy are mostly politically driven and still 

early stage. No certain forecast is possible as to how legislative conditions will 

change over the coming years and how markets will react to it. For this reason, in 

the following chapter the authors propose two scenarios. They describe the impli-

cations of legislative circumstances on market participants and logistics. The first 

scenario imagines a more conservative follow-up of current efforts and therefore 

proposes an only less ambitious transition towards a Circular Economy. The second 

scenario describes a much more politically driven transformation than in the first 

scenario. In analogy to the German turnaround in energy policy following the Fuku-

shima accident in 2011, the scenario anticipates a legislative framework that is more 

ambitious in driving enterprises towards a Circular Economy. Additionally, both 

scenarios demonstrate how the logistics trends and technologies described in the 

previous chapter will help to realize closing the gap to a Circular Economy.

GRADUALLY CLOSING THE LOOP 

In this scenario, legislature on a European level mostly develop the legislation and 

its instruments (producer responsibility, waste and environmental laws, etc.) in an 

evolutionary way. These efforts are accompanied by collecting more Circular Eco-

nomy focused indicators for various sectors (e.g. production, consumption, waste 

management, secondary raw materials, competitiveness, innovation and economy), 

which allow assessing the EU member states‘ transition towards a Circular Econo-

my. This legislative environment still allows for linear value creation. In this scenario, 

innovations of technology and business models are mostly price-driven. The fol-

lowing table illustrates the framework parameters.
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Category Characteristics

Producer responsibility •	 The Circular Economy principle will be applied to 
additional industries; individual approaches of 
enterprises will not be addressed.

Recycling rates •	 Continuation of today’s recycling rates mandatory in 
EU member states that are based on mass flows and 
will be increased over time (steering function).

Indicators •	 Indicators according to the EU Circular Economy 
monitoring framework are collected in all EU mem-
ber states for informational reasons and without 
steering function.

Standards •	 Quality standards for secondary raw materials do 
exist only for a small number of materials.

Products •	 Durability and reparability of products are 
addressed by moderate increase of regulations 
regarding defects liability.

For companies in the manufacturing industries, this scenario implies only a slight 

increase in mandatory regulations accompanied by very few incentives to individu-

ally pursuing producer responsibility schemes, which is why participation in coll-

ective take-back schemes will still be common. This leaves limited possibilities for 

companies to actively influence mass streams and material qualities. The systems 

remain mostly an expense factor for companies although they might benefit from 

revenues from selling secondary materials. This leads to a focus on recovering only 

high volume materials that can easily be processed without considering the overall 

environmental implications. Due to the lack of common standards for secondary 

materials, companies are reluctant to make use of these materials on a large scale. 

Direct communication between recycling companies and producers is minimal; tra-

ding secondary materials is commonly facilitated via anonymous platforms. Service 

based business models are restricted to few companies in selected industries (e.g. 

investment goods) aiming to increase the overall product life span.

The recycling companies will face increasing mass flows of end-of-life materials 

that can easily be processed. However, because the profitability of new recycling 

technologies will still be based on world market prices, the commercialization of 

secondary materials will still be difficult.

Table 4: Regulatory 
framework conditions 
for the »gradually closing 
the loop« scenario
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Market perspectives for waste disposal logistics companies are good in this 

scenario because of little structural changes and increasing end-of-life material 

flows. Due to a lack in terms of incentives for companies to move to new business 

models, perspectives for individual logistics solutions and services supporting these 

business models (e.g. by reintegrating forward facing supply chains and reverse 

logistics streams) is limited.

Overall, logistics companies develop their applications and services slowly 

towards the support of closed loops. Their focus remains, however, on establishing 

bilateral connections between supply chain processes by providing interfaces for 

communication between these partners. New developments such as specialized 

containers may for instance allow dual use for distribution and disposal purposes 

and can be applied across company networks. Utilizing courier, express and parcel 

service networks for circulating selected materials and goods will increase in areas 

where market prices for these will justify the logistics costs and efforts behind it.

Overarching coordination and steering across companies within a supply chain 

network is unlikely in this scenario. This lack results from limited standards for 

secondary raw materials and high availability of cheaper primary materials. This 

leads to no centralized availability of information across supply chains and relevant 

data and information for the holistic optimization is unavailable to all. The result is 

an inefficient treatment of end of life products.

Overall mass flows for material recycling increase, but the incorporation of ecolo-

gical criteria when considering the right treatment remains suboptimal. Generally 

spoken, no noteworthy effect on overall resource consumption is to be expected 

from this scenario.

Logistics supports closing loops, but fails to do so to the full extent despite 

the technological innovations. This is due to the lack of market actors that are 

willing to entirely embracing Circular Economy principles.
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FULL CIRCULAR TRANSFORMATION

In this scenario, the European legislation aims at a consequent and global trans-

formation towards a Circular Economy. Resource consumption is sanctioned (e.g. 

by resource taxes) and additional regulative policies are installed (e.g. consumpti-

on taxes) to prevent rebound effects. A set of appropriate circularity indicators to 

quantitatively and qualitatively assessing resource consumption and resulting envi-

ronmental impacts are applied across Europe. Within EU member states mandatory 

aims are set and sanctions are imposed for countries and actors not achieving the 

aims. Market actors will react adaptive at first, but quickly embrace the new regu-

lations and develop innovations according to the changed marked environment. 

Category Characteristics

Producer responsibility •	 The principle is applied widely and producers are obli-
gated to participate in a system or provide equivalent 
alternatives

•	 Previously external costs are internalized (e.g. via envi-
ronmental taxes)

Recycling rates •	 Resource consumption is subject to sanctions (e.g. by 
resource taxes), regulatory measures aim to supress the 
rebound effect.

Indicators •	 Indicators to quantitatively and qualitatively assessing 
resource utilisation and environmental impacts are used 
across Europe and mandatory goals are set on the level 
of the EU member states.

Standards •	 Standards exactly define the characteristics of secondary 
raw materials..

Products •	 Durability and reparability are regulatory set aims and as 
such highly prioritized in product design, marketing and 
customer loyalty strategies of manufacturers.

•	 Spare parts and repair manuals are available for all mar-
ket participants.

•	 Data regarding the resource consumption of products is 
available on a product level and can be used by all mar-
ket participants across the whole product life cycle.

 

Table 5: Regulatory 
framework conditions for 
the scenario »full circular 
transition«
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The scenario illustrates a substantial shift of the principles of industrial production 

towards an increase of the importance of repairing and maintenance at the cost of 

selling new products. As a result, the overall smaller amount of waste is recycled to 

higher quality secondary raw materials. Export volumes of finished goods decrease 

as well as the import volumes of raw materials and semi-finished products Table 5 

summarizes the regulative framework conditions for this scenario.

The increase in mandatory obligations poses a significant challenge for manufactu-

ring companies and their business models. Decreasing sales volumes for new pro-

ducts (in some cases compensated through the selling high-value products) leads 

to shifts within the market. Rising demands for repair work and spare parts (dri-

ven by manufacturers, retail and third parties) requires new approaches through 

existing or new market participants. Requirements for long time spare part sup-

ply change drastically (e. g. in terms of backward compatibility of components and 

parts).

Manufacturing companies cooperate more closely with increasingly specialized 

disassembly and recycling industries or integrate these parts of the value chain. 

Augmented reality (AR) and virtual reality (VR) applications support repair and 

disassembly processes. Incorporating secondary raw materials into their products 

becomes more attractive for manufacturers while high data transparency becomes 

consensus.

The recycling industry will face a market shakeout. In total, quantities of waste 

generated and circulated will decrease while the quality of the materials within the 

stream increases. Recycling companies tend to specialize and integrate more closely 

with the supply chains of manufacturing industries. They extend their business to 

new areas in order to better compete with manufacturers (e.g. in the field of refur-

bishing used parts). Waste disposal logistics moves towards managing and dis-

posing of residual and hazardous waste which will not be used further.

The logistics industry will change as well. “Traditional” applications in parcel and 

bulk goods logistics decrease in market share (especially in the fields of waste dis-

posal logistics and resource distribution logistics). Specialized solutions for small 

quantities (e. g. used products and spare parts) have good market perspectives. The 

overall resource consumption of logistics systems and businesses has to be reduced 

considerably.
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Supply chain networks provide a decentralized, comprehensive information infra-

structure allowing companies interacting with one another to align their decisions 

with overarching goals of circular supply chains as well as to their own strategy and 

societal demands. No centralized management of supply chains is needed.

Standardized and quality controlled secondary raw materials can be obtained 

from various sources and are integrated with the procurement strategies of supply 

chains. The data infrastructure helps to comprehend origin and quality of materi-

als through the supply chains in an accessible manner. Principles of the Industry 4.0 

are applied on company scale and support autonomous planning of logistics tasks 

by aligning underlying systems with the requirements of new and efficient spare 

part strategies and on demand-production of components. Companies within the 

Circular Economy rely more strongly on AR and VR technologies to support wor-

kers during the disassembly of products and part harvesting from devices. Products 

are identifiable by smart labels and autonomously find their routes within logistics 

networks.

Logistics creates closed loops for products, materials and information in 

which actors across all levels of value creation networks can cooperate. How-

ever, Logistics itself has to decrease its environmental impact and resource 

consumption.

 

CONCLUSION 

The scenarios laid out in this chapter describe contrasting ideas of a Circular Econo-

my. Based on existing structures, interdependencies within global value and supply 

chains and differing national interests of EU member states, no actual prognosis 

can be made how and how quickly the development of a Circular Economy will 

take place. On the one hand, a continuation of the existing path beyond the sta-

tus quo is likely. On the other hand, a disruptive transformation towards a Circular 

Economy is unlikely to happen over-night. A variety of transitional scenarios can be 

anticipated, in which existing approaches will be refined and new ideas will come 

to fruition.
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Both scenarios demonstrate, how technological developments in logistics can be 

applied in order to support the transition towards a Circular Economy on diffe-

rent levels and in different speeds. In many cases even the more conservative first 

scenario shows positive effects of logistics trends and technologies on some actors 

and the environment, while in other cases, these effects cannot be assessed suf-

ficiently. Only continuously developing these innovations further will help making 

them applicable to the full transition towards a Circular Economy. 
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Outlook 

The Circular Economy is a project requiring a tremendous effort and aims at enti-

rely transforming the way businesses currently operate. Logistics is crucial to this 

transformation because of its relevance for all levels of the Circular Economy: From 

physical transport of goods to transferring information to self-organizing supply 

chain networks to developing and supporting new business models. Logistics con-

nects actors across the entire value chain and incorporates regulatory bodies and 

customers alike. Resulting challenges can be tackled by already existing logistical-

technological approaches. However, we do see additional demand for research and 

development activities in the following fields:

ZZ Supply chains in the Circular Economy 

Coming from the question “how can actors within the Circular Economy 

cooperate efficiently?” a structured analysis of standards for materials, 

transportation, communication and contract-based interaction of partners 

along the supply chain is necessary. Recycling companies will become suppliers 

of high quality secondary raw materials and thus contribute to closing the gap 

to a Circular Economy. 

ZZ Industrial production in the Circular Economy 

Focus of this research area are technologies and manufacturing principles 

enabling future, Circular Economy-ready products. Based on the question “in 

which way does industrial production in the Circular Economy have to change?” 

research must be undertaken to develop approaches to a less resource 

consuming production within manufacturing plants and supply chain networks 

of the future. 

Additionally, regulatory measures are decisive factors for the achievement of goals 

related to the Circular Economy and for supporting further innovation. However, 

today it is still unclear in which direction and at which speed the regulatory frame-

work for the transformation will change.

Logistics alone cannot accomplish the transformation towards a Circular Eco-

nomy in the same way that the transformative potential cannot be tapped 

without apt logistics solutions. Application-oriented innovations to actually 

realize circular logistics networks have to be developed under consideration 

of rebound effects and environmental impacts.
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