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Abstract 
 
In this paper we describe the development of the field of closed loop supply chains in the last 15 years. 
As the first papers focused mainly on traditional location and inventory models, the field moved to 
describing sustainable closed loop supply chains that optimize the economic and environmental 
performance of production, use, product recovery and material recovery. We introduce a framework 
that can be used to consolidate and recover the economic and environmental value from products, 
whether in their production state, the (extended) product life or their second life (recovery). We show 
that the field of reverse logistics, green logistics, closed loop supply chains has the potential to develop 
into a mature science coping with product design, economic and environmental performance of value 
recovery, and policy measures to increase producer, government and consumer responsibility.   
 
Keywords: sustainability, closed loop supply chains, eco-efficiency, product recovery, 
extended producer responsibility. 
 
15.1 Introduction 
 
Research incorporating the related topics of reverse logistics, waste management and product 
recovery management gained momentum by the mid 1990s after several, mainly European, 
research groups started working on these topics in a systematic way; see for example (Thierry 
et al. 1995) and (Fleischmann et al. 1997). Jo van Nunen, either as Ph.D. supervisor or as 
inspiring colleague, did collaborate with the authors and other researchers from the beginning 
and can be considered one of the founders of this research field. A huge body of literature has 
been developed under the umbrella of “reverse logistics” and “closed loop supply chains” that 
investigates the opportunities and implications of recovering products and materials to again 
serve as inputs for a supply chain. This field has evolved from a rather technical focus, 
optimizing logistics processes and operations (Fleischmann et al. 1997), via a mainly 
business-economics focus (Guide and Van Wassenhove 2003) towards finding a balance 
between environmental and economic performance (Oliveira and Antunes 2004).   
 
Some authors specifically developed concepts and frameworks in order to classify and tackle 
strategic issues in closed loop supply chain management, like (Carter and Ellram 1998; Geyer 
and Jackson  2004; Kleindorfer et al. 2005; Linton et al. 2007; Srivastava 2008) and many 
others. At the same time, within the field of environmental management, related fields of 
interest developed under the name of  ‘industrial ecology’ and ‘life-cycle management’, e.g. 
(Fava 1997; Erkman 1997; Heiskanen 2002; Udo de Haes et al. 2003). Recent concepts like 
“sustainable supply chain management”, “Green supply chain management”, and “Cradle to 
Cradle” appear to borrow from both fields, but terminology and developed concepts 
sometimes diverge. We state that closing loops are a prerequisite for sustainable development, 
no matter whether you measure sustainability in terms of profit, energy use, material use or 
level of emissions. 
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The remainder of this paper is as follows. Section 2 gives a review of the most important 
concepts in the field of sustainable closed loop supply chain management. We aim to focus on 
the appropriateness of the concepts for supply chain managers in practice. Section 3 
introduces a Closed Loop Supply Chain Strategy, in which the focus is on reaping value of 
product returns. Section 4 concludes with a look into the future. 
 
15.2  Review of main concepts 
 
Although the word ‘sustainability’ seems to be on everybody’s lips nowadays, it is a concept 
that is difficult to define. The well-known Brundtland report (1987) defines sustainable 
development as “…development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs.” 
 
The report put forward that economic development should be possible without harming the 
environment and depleting natural resources. The definition itself is rather informal and does 
not provide one with sufficient handles to measure sustainability, let alone to define 
transitions towards sustainable operations. A popular way of understanding the concept of 
sustainability is to look at it from three perspectives: people (social impact), planet 
(environmental impact) and profit (economic impact). Sustainability has now been broken 
down into three dimensions that need to be measured separately. Still it is unclear what 
combination of scores would define ‘sustainability’.   
 
The call for sustainable development has also entered the business boardroom, culminating in 
the so-called triple-bottom-line (economic, environmental and social impact), as opposed to 
the single bottom line (economic impact only). The term ‘triple-bottom line’ (3BL) is 
commonly used as of 1997 (Norman & McDonald 2003) and contains the notion that 
measuring and improving the 3BL would aid a transition towards sustainability.  
Although it may be hard to define exactly what makes development sustainable development,  
one issue is crucial for sustainability in the long run: relying less on virgin, non renewable 
resources. Once a non-renewable source is depleted2 it is gone forever. Therefore we hold that 
closing supply loops is a necessary condition for sustainability.  
 
We define closed loop supply chain management as “the integrated management of all 
forward processes in the supply  chain (procurement, production, distribution) as well as the 
processes (collection, testing, recovery) that aim to reintroduce returned products, parts and 
materials into the supply chain”. 
 
Closed loop supply chains strive to coordinate forward and reverse operations in such a way 
that economic and/or ecological value is maximized. Besides the traditional forward 
processes, such as sourcing, manufacturing and distribution, closed loop supply chains 
include 5 key activities (see e.g. Guide and Van Wassenhove 2001): 

- acquisition / collection 
- reverse logistics 
- inspection and disposition 
- reprocessing (remanufacturing / repair / recycle)  
- remarketing  

Related to those activities, Figure 1 illustrates the most important processes in a closed-loop 
supply chain. Note that we explicitly define a sales process between distribution (bringing the 
product to the market) and the actual usage by the final customer.  
We do this since a lot of products are returned right after sales, for all kinds of reasons, 
without ever being used. These so-called ‘commercial returns’ are fundamentally different 
from end-of-use returns and need to be handled differently as well.   
                                                 
2 In practice a resource will never get depleted completely, but it will be far too expensive to mine or 
recover.  



 
 

 

 
Closed loop supply chain management impacts sustainability in several ways: 

Profit: Cheap resourcing through recovery of materials, parts and products give firms the 
opportunity to offer cheaper products with higher margins. As an example, the 
remanufacture of car parts may be done against half of the cost of manufacturing, while 
they are priced only slightly lower. 
Planet: Recovery of materials, parts and products reduce the need for (virgin) materials 
and energy and avoids landfill. As an example, recycling of aluminum uses 90% less 
energy than the processing of aluminum ore. Reuse and repair hardly use any resources 
while emissions are considerably lower than manufacturing. 
People: Sophisticated recovery creates more jobs than waste processing and landfill. 
 

It is important to note that the optimal closed loop supply chain configuration very much 
depends on the characteristics of the product and the circumstances in which the product is to 
be collected. If the environmental impact is in the usage phase, then it makes sense to design 
for environmental efficiency and safety in the usage phase. Product recovery options very 
much depend on the economic lifespan. Sometimes it is better to recycle and replace the 
product with one that is environmentally more efficient and sometimes remanufacturing is the 
better option. Logistics is hardly ever an environmental bottleneck; the positive 
environmental impact of product recovery by far outweighs the negative impacts of more 
logistics activities (Quariguasi, 2008). Cost efficiency is a much more likely bottleneck that 
needs to be resolved through better product design, product strategy and supply chain 
organization. 
 

 
Figure 1: The processes of a closed-loop supply chain  
 
Note that we also include “energy” as a raw material. So, in the forward supply chain energy 
sourcing takes place, using fossil fuels (non renewable resource), wind and solar energy 
(renewable resources) and biofuels (recovered energy). Incineration with the purpose of 
energy recovery can therefore be seen as the lowest level of recovery.  
We hold that closing supply loops is about reusing products, parts, materials and energy. 
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15.3  CLSC strategy: integrating the front end, the engine and the back end 
 
Originally, the focus of scientific research in the field of reverse logistics, as it was referred to 
then, was on operational issues (the engine). In particular the optimization of disassembly and 
remanufacturing operations got a lot of attention. The issue of managing returns, recovery 
processes and disposition in an integrated way is the main topic. Only later people started to 
realize that an engine without proper fuel does not work, so the issue of acquisition (the back 
end) became an important research venue. Somewhat later still, the marketing side was added 
(front office), since products without markets are clearly not viable. The next challenge is to 
develop an integrated view of the system as a whole (Figure 2) in order to reap the 
economical and ecological value from product returns.    
 
Here we show the Supply Loop Framework to identify and assess supply loop strategies for 
product end-of-life management creating environmental and economic value (Figure 3). This 
framework helps to identify the so-called win-win situations, where both economic 
performance and environmental performance can be improved. Striving to Eco-efficiency is: 
searching for the best possible supply chain configuration that minimizes costs without 
damaging the environment more than necessary. The win-win closed loop supply chains need 
to overcome constraints in the front end (limited access to end-of-life products), constraints in 
the engine (limited feasibility or reprocessing) and constraints in the back end (limited 
demand for secondary output).  
 

 
Figure 2 Integrated view of the back end, engine, front end of a closed loop supply chain  
 
Once these constraints are overcome, the optimal recovery level for products, components, 
raw materials and energy can be defined.  
 
At the back end, products may be difficult to retrieve (not accessible, too expensive), it may 
be economically or ecologically infeasible to run the engine, and at the front end you may 
find no suitable markets for the recovered product.  
Considering that products are typically not designed for reuse and that supply chains are 
typically not configured to deal with product returns and that the marketing concept typically 
does not include the acquisition of product returns, firms will most likely encounter several, if 
not all, of these constraints. These constraints may be hard to resolve if product recovery is 
not an integral part of the design and marketing strategy.  
 
As concluded in (Geyer and Jackson 2004),  the CLSC strategy of organizations should 
include the collection of relevant information on product returns, product recovery, and 
disposition opportunities, while the importance of information has been recognized from the 
outset of the research field of reverse logistics (Thierry et al. 1995). Many contributions on 
the management of CLSC have taken the uncertainties of product returns, recovery yields, 



 
 

 

and disposition as a given and have developed methods to support decisions under 
uncertainty.  
 

 
 
Quite recently, methods and concepts have been developed that support CLSC strategies in 
reducing these uncertainties (Jalil et al. 2008). The first approach is based on the provision of 
information services. The second approach is based on the control of the processes which 
were considered to be autonomous and variable. We briefly discuss the two approaches for 
product returns, recovery processes, and disposition. 
 
Uncertainties in product returns have received a lot of attention. One of the approaches of 
using information to reduce uncertainty in return quantities is forecasting product returns 
based on sales data (Lembke et al. 2001; Toktay et al. 2003) or historical data captured 
throughout the closed-loop supply chain (Dalen et al. 2004). There is a growing body of 
literature that considers the use of data capturing technologies to support the management of 
the product life cycle (Spengler and Schröter 2003; Nunen and Zuidwijk 2004; Saar and 
Thomas 2007). Such information can be stored and disseminated via Product Data 
Management systems (Krikke et al. 2004).  The control of return flows is enabled by already 
existing business models based on lease contracts often used e.g. in the document flow sector 
(Zuidwijk et al. 2004). Beyond this observation, the development of product and service 
bundles that help control product returns is discussed in (Yadav et al. 2003; Guide et al. 
2003). 
 
Yield uncertainty in recovery processes originate from the variability in the quality of product 
returns and in the variability of the recovery process itself. The value of information on 
recovery yields, together with other information, has been assessed in (Ferrer and Ketzenberg 

Collect Economic + Env. Data of all processes in  
The Forward supply chain + the considered 

Supply Loops 

Measure Env. 
Perf. 

Measure Economic 
Perf. 

Determine win-win supply 
loops 

Assess impacts of Supply Loop Constraints 

-Limited Access to end-of-life products (front end) 

-Limited feasibility of reprocessing (engine) 

-Limited demand for secondary output (back end) 

Determine optimal recovery 
level 

Figure 3:  Supply Loop Framework



 
 

 

2004; Ketzenberg et al. 2006). The control of recovery yield beyond the selection of the input 
stream is mainly a technical issue and not within scope of this discussion. 
 
Market uncertainty related to disposition can manifest itself through volatile market prices or 
variability of demand or supply. Acquisition prices of recoverable cores are optimized in 
(Guide et al. 2003; Vadde et al. 2007) under supply uncertainty. Ferguson et al. (2008) 
propose revenue management techniques to support the disposition of returned product to 
address demand uncertainty. Electronic markets may facilitate the matching of supply and 
demand in closed loop supply chains (Krikke et al. 2004).  
 
15.4  Conclusions and Expectations for the future 
 
Closed-Loop Supply Chain Management enhances the design and management of a system to 
maximize value creation over the entire lifecycle of a product with dynamic recovery of value 
from different types and volumes of returns over time. 
The closing of supply loops is very much akin to the concept of ‘cradle to cradle’ 
(McDonaugh).  Here, the ideology is to only create products that are 100% recyclable or 
naturally degradable. Consumption is not necessarily a bad thing as long as products after use 
are given back to nature in a way that is useful rather than harmful (‘Waste = Food’).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Transition towards sustainability 
 
We state that for now it is not possible to create all Cradle to Cradle Products. As long as 
products are not 100% recyclable or naturally degradable, it will be of most importance to i) 
minimize the amount of waste at the end of the forward chain, and ii) collect products in order 
to reuse, remanufacture and recycle them and iii) find new markets for those recovered 
products. 
 
Figure 4 gives the development in time of new concepts in supply chain management. In the 
1960s price was the only driver. In 1970s and 1980s quality and service became important 
drivers. In the 1990s innovation came in the picture. In the 21st century the move from 
efficient supply chains to responsive demand chains started, followed by the focus on closed 
loop supply chains. This focus will be broadened in the coming ten years, combining 
sustainable product design with an efficient process of reusing products, components, raw 
material and energy.  
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