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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Remanufacturing has been identified as having much potential and providing a wide range of benefits. However, challenges remain for 
remanufacturing to be widely accepted, both from customers as well as within industrial firms. Business models for remanufacturing are complex 
and remanufacturing requires multiple competences across the firm. This paper is a study of the remanufacturing market for industrial products 
and is exemplified by a case study of a leading robot company in the US market. The study shows that rapid technology development impacts 
the remanufacturing possibilities and as such has an impact on sustainability. Technology development can be seen as a threat to remanufacturing 
e.g. making products become obsolete as well as leading to compatibility problems where it is difficult to find spare parts. Technology 
development also results in cheaper robots, making it difficult to provide economic incentives to buy remanufactured products. However, fast 
technology development can also be a possibility to firms that have well developed remanufacturing processes, as they are able to adjust to newer 
technologies. The study also points to the importance of cross-functional collaboration in the design phase of products, where remanufacturing 
needs to be considered. The article provides implications on how to manage rapid technology development in remanufacturing.  
© 2018 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 10th CIRP Conference on Industrial Product-Service Systems. 
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1. Introduction 

Sustainability is becoming ever more important, where 
consumers, industries and government are becoming 
increasingly more aware of the need to limit our usage of virgin 
material. Circular economy, including re-use of goods and 
material, is growing in a number of areas. Resource efficiency 
and Product Service Systems (PSS) are important building 
blocks towards a more sustainable future. In this context, 
remanufacturing and refurbishment are important industrial 
processes. Remanufacturing allows the manufacturers to 
restore or upgrade used products to original or new 
specifications [1].  

These industrial processes involve a number of steps in a 
process that varies among industries, products and companies. 
There are some well-known examples of remanufacturing and 
refurbishment, for example the recent possibility to buy 
remanufactured iPhones or the well-established 

remanufacturing of toner cartridges. There are both 
environmental and economic benefits to be gained in 
remanufacturing [1]. A recent study on remanufacturing point 
to that firms tend to emphasize profitability rather than 
sustainability concerns [2]. In addition, many of the products 
that are remanufactured today have not been designed for 
remanufacturing and business models for remanufacturing are 
complex [3].  

A literature review on remanufacturing calls for more case 
study research in the field [4]. This paper focuses on the 
industrial market for remanufactured robots. Empirical data is 
collected through a case study of a robot remanufacturer in the 
US. The firm under study has been working in the 
remanufacturing robot market since 1990. Previous studies of 
industrial robots describes how a robot’s life can be extended 
through refurbishment [5]. The firm is one of the largest 
industrial robot manufacturers, and one of the few 
manufacturers who conducts remanufacturing in-house. The 
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aim of the paper is to investigate the dual-faced consequences 
of technology development in regards to sustainability in the 
context of remanufacturing by providing a new case. We study 
the remanufacturing robot business in the US, describing the 
market for remanufactured industrial robots, obstacles and 
possibilities as well as the future outlook of that particular 
market.  

The paper is structured as follows. First, literature on 
remanufacturing is presented. Thereafter, our methodology is 
described and the empirical case is presented. Finally, 
discussion and conclusions are provided.  

2. Theory 

There has been many studies investigating remanufacturing, 
where a number of industries have been studied, such as 
household appliances, toner cartridges, forklift trucks [6], 
automotive parts and components [6-12], baby prams [13], 
photocopiers [14], cameras, toner cartridges [11], engines, 
turbo chargers, filling machines [9], office furniture, computers 
and heat exchangers [10].  

There are a few terms in the remanufacturing industry that 
are sometimes not well distinguished in practice, such as 
remanufacturing, refurbishing and reconditioning. In this 
paper, we distinguish between these terms as follows [1, 6, 10, 
15]: 
• Remanufacturing: the process which allows the 

manufacturers to restore or upgrade used products (cores) 
to original or new specifications . The process follows a 
number of steps including inspection, cleaning, 
disassembly, repair, reassembly and testing. 

• Refurbishing: not as extensive as remanufacturing, a few 
parts are replaced or the product is remanufactured. 

• Reconditioning: restoration of parts to a satisfactory 
condition by e.g. painting. 

 
Different industries and firms are at different levels of 

customer acceptance, technologies for remanufacturing as well 
as having reversed logistics for bringing used products back. A 
survey of Greek manufacturers shows that firms are not very 
involved in remanufacturing, however the main motivation 
behind remanufacturing is customer service [16]. Successful 
remanufacturing requires a developed collection system for 
used products, efficient remanufacturing processes and to 
cultivate a demand for remanufactured products [11]. 

In remanufacturing, cores are products that are brought back 
to the firm for remanufacturing. Matsumoto and Umeda [11] 
show that firms use components in new products, hence 
making no distinction between remanufactured and new 
products. Upgrading product to the latest standards including 
the newest technology is one way to improve environmental 
impact during use. Östlin, Sundin and Björkman [10] show 
how OEMs can use cores for either product remanufacturing, 
component remanufacturing or component cannibalization.  

3. Method 

This study applies a qualitative single case study 
methodology to gain rich insight into robot refurbishment in 
industrial markets. The single case study method is used as it 
pays attention to the context and enables telling a story [17]. 

The context of an industrial setting was chosen and a firm here 
called IndRob (fictitious name) was studied. IndRob was 
selected because it operates in an industrial market, is one of 
the world leading manufacturers for industrial robots that also 
has an in-house remanufacturing business.  

IndRob is a leading supplier of industrial robots, modular 
manufacturing systems and services. Over 250 000 IndRob 
robots have been sold worldwide. The firm has over 100 
service locations in 53 countries, where more than 1 300 robot 
specialists work. The firm aims to have an innovative service 
that will keep their customers’ robots running throughout their 
entire life cycle. IndRob’s service includes robot service, spare 
parts, training, replacement and remanufacturing. The firm 
offers a number of service agreements that can be tailored 
towards each customer. Spare parts are an important part of the 
service department, providing customers with fast deliveries. 
Customers’ employees are offered training focusing on robots, 
process and applications and system training. Replacements 
involves exchanging existing robot arms or controllers, which 
is an alternative to a completely new installation. 

Data was collected through interviews, factory visits and 
documents. Interviews were held with the manager for service, 
including remanufacturing, a service employee and the factory 
manager at IndRob in the US. The factory was visited at two 
occasions, studying the remanufacturing business. Documents 
related to robot remanufacturing as well as remanufacturing of 
other products produced by IndRob has been studied. A within-
case analysis was conducted [18] where important milestones, 
the remanufacturing process, the remanufacturing market, 
external developments and internal firm issues were identified. 
Market developments, technology developments, the 
remanufacturing process and internal issues were coded to 
facilitate analysis of the data [19]. 

4. The remanufactured industrial robot case 

4.1. Centralized specialists in remanufacturing 

IndRob’s remanufacturing business started in 1990 in the 
US and was set-up Czech Republic in 2004. At one point, every 
service location had small reconditioned centres in IndRob. 
Then a strategic decision was made to set up central 
reconditioning centres. IndRob has three certified robot 
remanufacturing centres: in the US, in Mexico and in Czech 
Republic. The US centre handles North America and parts of 
South America. They collaborate with the centre in Mexico as 
well as the centre in Czech Republic. The centre in Chez 
Republic manages the European market. Robots and parts are 
sold internally within IndRob between these three sites. A 
certified centre in China is being started. The regular service 
locations are allowed to sell remanufactured robots but they are 
not allowed to perform remanufacturing.  
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“I have mixed feelings about who should be allowed to do  
remanufacturing. I think that the service will be better if our 
service people can also do remanufacturing.” By allowing 
remanufacturing in service locations, employees that have 
spare time can work on refurbishing robots. Employees will 
also grow their skills during this process. Also, by having 
centralized remanufacturing, there can be long transports of 
robots. However, there are a number of advantages of having a 
centralized remanufacturing, compared to having each service 
centre handle remanufacturing:  
• Centralized competence 
• Higher quality through controlled processes 
• Investments in assets such as tools and test benches 
• Buy back power 
• Central inventory available 
• Repaired parts available in the remanufacturing of robots 

4.2. The robot remanufacturing market 

Looking at the overall market, most manufacturers do not 
remanufacture their robots. Their strategy is to sell new robots. 
“We are the only one that I am aware of that have an in-house 
reconditioning center.” However, on the internet there’s a lot 
of people who sell used robots. There is quite a big difference 
between the used robot sales companies and IndRob’s 
remanufacturing business. There are probably 40 different 
companies in the US selling used robots. Literally anyone that 
has any space can start such a company. Particularly in 
Michigan, with large automotive manufacturers there are a lot 
of opportunities to buy used robots when these companies 
change body shop. Then there are a hundred robots to replace. 
Many used-robots-dealers will try to buy these robots. They 
will store them and then sell them. They either break the robots 
down and sell parts and pieces or sell used robots. 

Technical developments and the use of internet has changed 
the remanufactured robot market. Historically, robots were 
much less reliable than they are today. Previously, there was a 
lot of opportunity to do small upgrades, changes and 
remanufacturing on robots. Internet has changed the 
remanufacturing business. All things are available online, 
where people can find robots, prices and parts easily. The 

remanufactured robot market fluctuates quite a lot in the US. 
That is because the used robot market fluctuates. “If I have a 
bunch of IndRob remanufactured robots, and then 1 000 used 
Fanuc robots hit the market. That will push my price down. But 
I don’t sell used robots, I sell remanufactured robots.”  

IndRob only remanufacture IndRob robots. IndRob has tried 
to remanufacture their competitors’ robots but that was too 
challenging. The major issue was that the competitors 
controlled the prices of parts, making it much more difficult for 
IndRob to make a business case. 

4.3. Remanufacturing on demand 

IndRob keeps track of costs for each robot. IndRob usually 
doesn’t have a lot of stock of remanufactured robots ahead of 
time. “One of our key goals here are costs and we monitor our 
inventory very well.” An advantage for IndRob is short lead 
times. On average, IndRob can remanufacture and deliver a 
robot within four weeks. In comparison, the shortest lead time 
on new robots from the factory in the US is also four weeks, 
but can often be longer. However, IndRob often does not stock 
remanufactured robots. IndRob will rather keep their stock at 
the used robot value and then remanufacture on demand. 
However, IndRob does have some remanufactured robots 
ready for delivery. “We have a smaller amount that we can 
deliver immediately. And the rest on demand.” 

4.4. Selling new robots or selling remanufactured robots-  

There is a belief that the remanufactured robot business is 
hurting new products sales. “There is a force within IndRob 
that says: I don’t like this.” That force is focusing on selling 
and manufacturing new robots. There are some people who sell 
new robots who believe that remanufactured robots compete 
with new robot sales. They believe that the remanufactured 
business is cannibalizing on new robot sales.  

The customer base for remanufactured robots is quite 
different from new robot sales. Remanufactured robots are sold 
mainly to two customer groups. The first are first time buyers 
of robots who usually buy one robot to test if works in their 
production. The second group is customers that may have a 
particular style of robots. They have a specific production 
where a remanufactured robot is suitable. It can also be that the 
customer does not want to learn a different language, which is 
used on new robots. Sometimes IndRob can get a premium 
price for a remanufactured robot. IndRob can of course offer 
remanufactured robots to IndRob’s standard customers, but 
these customers would rather purchase a new robot. Newer 
robots consume less energy and uses the newest technology. 
Large customers such as automotive manufacturers are not 
interested in buying remanufactured robots. Engineers at large 
manufacturers typically always want new robots. Because of 
the benefits of new technology of the new robots. Comparing 
the technology of the new robot with the old robot, are usually 
very significant. “That’s why we go to a first-time user. We sell 
a lot of robots to new users. They want to try out and see if a 
robot works.” 

However, looking at the whole robot market, it would be a 
powerful message to say to the customer that IndRob offers 

Fig. 1. Remanufacturing process at IndRob. 
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of opportunities to buy used robots when these companies 
change body shop. Then there are a hundred robots to replace. 
Many used-robots-dealers will try to buy these robots. They 
will store them and then sell them. They either break the robots 
down and sell parts and pieces or sell used robots. 

Technical developments and the use of internet has changed 
the remanufactured robot market. Historically, robots were 
much less reliable than they are today. Previously, there was a 
lot of opportunity to do small upgrades, changes and 
remanufacturing on robots. Internet has changed the 
remanufacturing business. All things are available online, 
where people can find robots, prices and parts easily. The 

remanufactured robot market fluctuates quite a lot in the US. 
That is because the used robot market fluctuates. “If I have a 
bunch of IndRob remanufactured robots, and then 1 000 used 
Fanuc robots hit the market. That will push my price down. But 
I don’t sell used robots, I sell remanufactured robots.”  

IndRob only remanufacture IndRob robots. IndRob has tried 
to remanufacture their competitors’ robots but that was too 
challenging. The major issue was that the competitors 
controlled the prices of parts, making it much more difficult for 
IndRob to make a business case. 

4.3. Remanufacturing on demand 

IndRob keeps track of costs for each robot. IndRob usually 
doesn’t have a lot of stock of remanufactured robots ahead of 
time. “One of our key goals here are costs and we monitor our 
inventory very well.” An advantage for IndRob is short lead 
times. On average, IndRob can remanufacture and deliver a 
robot within four weeks. In comparison, the shortest lead time 
on new robots from the factory in the US is also four weeks, 
but can often be longer. However, IndRob often does not stock 
remanufactured robots. IndRob will rather keep their stock at 
the used robot value and then remanufacture on demand. 
However, IndRob does have some remanufactured robots 
ready for delivery. “We have a smaller amount that we can 
deliver immediately. And the rest on demand.” 

4.4. Selling new robots or selling remanufactured robots-  

There is a belief that the remanufactured robot business is 
hurting new products sales. “There is a force within IndRob 
that says: I don’t like this.” That force is focusing on selling 
and manufacturing new robots. There are some people who sell 
new robots who believe that remanufactured robots compete 
with new robot sales. They believe that the remanufactured 
business is cannibalizing on new robot sales.  

The customer base for remanufactured robots is quite 
different from new robot sales. Remanufactured robots are sold 
mainly to two customer groups. The first are first time buyers 
of robots who usually buy one robot to test if works in their 
production. The second group is customers that may have a 
particular style of robots. They have a specific production 
where a remanufactured robot is suitable. It can also be that the 
customer does not want to learn a different language, which is 
used on new robots. Sometimes IndRob can get a premium 
price for a remanufactured robot. IndRob can of course offer 
remanufactured robots to IndRob’s standard customers, but 
these customers would rather purchase a new robot. Newer 
robots consume less energy and uses the newest technology. 
Large customers such as automotive manufacturers are not 
interested in buying remanufactured robots. Engineers at large 
manufacturers typically always want new robots. Because of 
the benefits of new technology of the new robots. Comparing 
the technology of the new robot with the old robot, are usually 
very significant. “That’s why we go to a first-time user. We sell 
a lot of robots to new users. They want to try out and see if a 
robot works.” 

However, looking at the whole robot market, it would be a 
powerful message to say to the customer that IndRob offers 

Fig. 1. Remanufacturing process at IndRob. 
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many alternatives. “Not only can I sell you new robots, I can 
sell you used and I can sell you remanufactured. Whatever you 
need, whatever you can afford. We have more than one 
solution. We are going to follow you through the lifecycle of 
your asset. We will be here and help you. We have alternatives 
and options. As well as the option to buy back your equipment.“ 

4.5. IndRob’s remanufacturing process 

A remanufactured IndRob robot is as good as new, with 
identical quality, performance, support and warranty. IndRob 
has remanufactured over 12 000 robots and has an inventory of 
hundreds of used and remanufactured robots. IndRob lists the 
following benefits of remanufactured robots: 
• Cost-efficient and reliable solution 
• Lower investment cost 
• Harmonizing with existing robot fleet 
• No extra parts or training needed 
• Fast overnight delivery 
• Compliant to the latest safety standards 
• Unlocking new functionalities and services such as 

IndRob’s connected services 
 

The remanufacturing process begins with an audit to 
evaluate the condition of the robot. A decision is made if 
remanufacturing is possible or not. If yes, a second inspection 
is made where parts are disassembled. In total, there are 152 
checking points. A remanufacturing plan is made. The product 
is cleaned and replacements and repairs are executed. Worn 
parts that don’t pass inspection are recycled. Each part is 
cleaned and reassembled. Tests and calibrations are made, a 
running test of minimum 16 hours. The robot is painted and 
final configurations are made. The robot is delivered with a 12-
month warranty. See Figure 1. 

IndRob distinguished between three different 
remanufacturing processes: remanufactured robots, 
remanufactured customer robot property and remanufactured 
arm exchange. Remanufactured robots are buy backs from 
customers that either are stored as used robots in stock or are 
remanufactured on demand for a customer. A few robots are 
remanufactured and stored. IndRob has a large stock of 
remanufactured and used robots. In comparison, 
remanufactured customer robot property is when IndRob 
refurbishes a customer’s robot and thus prolongs the robot’s 
life time. The robot then has the same owner before and after 
the remanufacturing. Remanufactured arm exchange is when 
IndRob exchanges a mechanical arm with an identical 
remanufactured arm. By doing this, the controller can be kept 
with little reprogramming. The remanufacturing process 
follows a strict systematic process for disassembly, cleaning, 
examination and testing. IndRob only uses certified staff for the 
remanufacturing process.  

At the remanufacturing centre in the US is located in the 
same building as the new robot manufacturing. There are 12 
employees working with remanufacturing. These employees 
have extensive skills in robotics and make decisions on whether 
the robot is suitable for remanufacturing or not. They also 
decide upon the remanufacturing plan and which parts that 
needs to be replaced and which can be remanufactured. 
Usually, there are about 30 robots undergoing work in the 
remanufacturing area simultaneously. On average, each robot 

needs 40 hours of work in the remanufacturing process. In 
comparison, the manufacturing of a new robot in the same 
factory takes on average 15 man-hours. The remanufacturing 
process demands many man-hours and skilled personnel. 
However, it uses little energy and mostly use spare parts from 
other buy back robots.  

4.6. Buying back robots for remanufacturing 

IndRob buys back used robots for remanufacturing. Most of 
these robots are found on the internet. IndRob continuously 
conducts searches online for used robots. In addition, many 
robots are found through word of mouth, through IndRob’s 
sales force. “When they find a robot for us, then we give them 
a finder’s fee if they find a good robot.” Also, IndRob often use 
the buyback of robots as an incentive for the customer to buy a 
new robot. By selling a used robot to IndRob, the customer can 
get a better price for the new robot. Some of these buy backs 
are not useful for remanufacturing and these robots are then 
given to junk dealers. In some instances, there is a set fee for a 
used robot and sometimes IndRob negotiates with the 
customers. For some customers, there is a pre-defined buy back 
price.  

How used robots are evaluated before buy back depends on 
the size of the buy back. If it’s just one or two robots, then 
IndRob get pictures and information about hours in use. But if 
there are many robots, for example 100 robots, then IndRob 
will go and inspect the robots on-site. A normal buy back would 
be about four robots.  

As an example, a buy back from a large automotive 
manufacturer will start when that company will replace their 
shop floor. They will then release a bunch of robots to the used 
robots market. They will reach out globally and ask how many 
robots each company is interested in. IndRob will then give 
them a price and try to buy these robots. One of the things with 
the buyback is that for a company like IndRob it is very 
difficult. The difficulty with IndRob is who they compete with. 
Competitors for buy backs such as junk dealers will usually 
walk around and have money in their pocket. They can buy 
robots by writing a check on the spot. IndRob has more 
administration to manage. IndRob has to set up the customer in 
their system, which takes time. Also, internally within IndRob, 
accounting and auditors don’t always understand why a 
particular robot has a particular price. Often the 
remanufacturing business needs to answer many questions 
internally regarding buy backs of robots.  

4.7. The sustainable future of remanufactured robots 

The future for used and remanufactured robots will be 
challenging as the prices for new robots continue to drop. In 
addition, there is the fact that robots are much more reliable 
today than in the earlier days. “I could argue to you that buying 
a robot from a junk dealer or a used robot dealer is risky. But 
with the reliability being up its much easier to take a used robot 
and put it in the market without any reconditioning. The odds 
are pretty good that it will continue to run.” Hence, there is a 
challenge with the technology as it gets better. There is less and 
less to remanufacture. “We have run this business since 1990 
and they continually say that they don’t see a future for this 
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business in ten years. That it will go away. It doesn’t.” 
However, the content on the remanufacturing is changing. 
IndRob used to do complete remanufacturing but that business 
continually changes. There is not as much mechanical content 
that can be remanufactured as robots contain more and more 
electronics.  

Today, IndRob has a very green process that is used to 
recycle robots. Historically, IndRob used to take scrap robots 
to a dumpster or to a landfill. Now IndRob disassembles and 
separate materials and toxic materials. Some materials are 
bought by other firms, for example some cables are bought by 
one customer. Other materials are recycled. Remanufacturing 
involves a lot of hazardous environments with dirty robots and 
oil leakages. By having a clean and environmental process, 
IndRob is creating a better place, by handling toxic materials 
and recycling. 

The remanufacturing business actually makes more 
money per robot than the new robot business, it’s a good 
business. “I could say that our intention is to be green and to 
recycle, but our intention is to make money. You know, and lots 
of it. That’s that.” 

There are a number of environmental benefits of 
remanufactured robots, such as: 
• Saving material and energy  
• Reduced scrap, 60% of the raw material is reused 
• Reduced waste and less raw material needed 
• Smaller carbon footprint and less greenhouse gases 
 

Despite these environmental benefits, selling 
remanufactured robots with the selling-point of being 
sustainable and green is difficult. “I think in the industrial area 
it is tough to say that we are green. I think that for IndRob, the 
green message would be that we use less power and the way we 
manage things. But I don’t think that we are going to say that 
we remanufacture these robots for sustainability. That is a 
tough one to pitch.”  

5. Discussions and Conclusions 

The paper has pointed to a number of benefits from 
remanufactured industrial robots. First there are customer 
benefits from remanufacturing industrial robots, such as lower 
cost, harmonization with existing robot fleet, fast delivery and 
possibilities to unlock new functionalities. Even though a 
remanufactured robot requires skilled personnel and more than 
double the amount of man hours than the manufacturing of a 
new robot, the cost is lower than for new robots. This is largely 
due to reuse of the core and that the process takes place using 
the same manufacturing line as for new robots. Hence, it is a 
personnel intensive process that is sustainable from a material 
and energy point of view. 

This way of integrated manufacturing and remanufacturing 
processes is seen as an effective way of reducing cost for the 
equipment used, using product knowledge and thereby 
improving the quality of the remanufactured products [15]. 
Second, there are a number of sustainability benefits from the 
remanufacturing business, such as material savings, reduced 
waste and smaller carbon footprint. This is in line with previous 
research, showing sustainable benefits from remanufacturing 
[1, 6, 20].  

The remanufacturing business is changing, as there is a 
faster technology development. Robots have shorter life 
cycles due to faster technological development. This is partly 
due to that there is more electronics in robots, which have 
shorter life cycles and faster become obsolete. There are fewer 
mechanical parts to remanufacture as more parts include more 
electronics. Hence, we see shorter technology cycles due to 
faster technology development. This in turn leads to that new 
robots become “old” faster than previously. With faster 
technological development comes the problem of compatibility 
for remanufactured robots. Old spare parts that are not 
available, this is a concern particularly for electronics which 
have fast technological developments. With limited access to 
spare parts, the remanufacturing process is threatened. This is 
similar to the concerns on the availability of suitable cores [10, 
21], and the need for introducing flexibility to the 
remanufacturing process to be able to cope with the variations 
on old cores [15]. We argue that fast technology development 
can be a threat to remanufacturing. However, it can also 
provide a possibility to firms that have well developed 
remanufacturing processes and modular products where 
exchange of old technology with new technology is possible. 
Hence, fast technological development can be both a threat and 
a possibility for the remanufacturing business of industrial 
robots.  

Another threat to the remanufacturing business is that robots 
become ever more reliable, limiting the need for 
remanufacturing. In addition, the fast rate of technology 
development also makes technology cheaper, which is a threat 
to remanufacturing, as new robots become cheaper.  In 
addition, new products that include new technology may be 
preferable also on an environmental perspective [6].  

 For future developments, modularization becomes ever 
more important, and needs to be considered in the development 
phase. In the design phase, firms need to include the possibility 
to exchange technology that fast becomes “old”. Mechanical 
parts may work well but electronics and software may need to 
be exchanged at a faster rate. Hence, cross-functional 
collaboration is needed for firms to succeed in developing more 
sustainable products, something which has been highlighted in 
the literature [22-24].  

 Previous studies have identified important information 
flows for the remanufacturing process. The information flow 
from the products in use can greatly benefit the 
remanufacturing process and closing the material loop and the 
information loop are intertwined [25]. Design information 
reaching the manufacturing and remanufacturing can improve 
these processes, especially for complex products [15]. In the 
robot case, skilled personnel are needed in the remanufacturing 
process. Today, however, our studied firm does not have any 
collaboration between remanufacturing and R&D in the 
design phase of new robots. In fact, competitors are hindering 
remanufacturing of their own robots by increasing the price on 
spare parts. This issue is not limited to the industrial robot 
market, in fact, the majority of remanufactured products have 
not been designed for remanufacturing [3].  

The last threat identified can be found at the customer 
market. It seems that there is limited acceptance for 
remanufactured industrial robots from customers as well as 
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many alternatives. “Not only can I sell you new robots, I can 
sell you used and I can sell you remanufactured. Whatever you 
need, whatever you can afford. We have more than one 
solution. We are going to follow you through the lifecycle of 
your asset. We will be here and help you. We have alternatives 
and options. As well as the option to buy back your equipment.“ 

4.5. IndRob’s remanufacturing process 

A remanufactured IndRob robot is as good as new, with 
identical quality, performance, support and warranty. IndRob 
has remanufactured over 12 000 robots and has an inventory of 
hundreds of used and remanufactured robots. IndRob lists the 
following benefits of remanufactured robots: 
• Cost-efficient and reliable solution 
• Lower investment cost 
• Harmonizing with existing robot fleet 
• No extra parts or training needed 
• Fast overnight delivery 
• Compliant to the latest safety standards 
• Unlocking new functionalities and services such as 

IndRob’s connected services 
 

The remanufacturing process begins with an audit to 
evaluate the condition of the robot. A decision is made if 
remanufacturing is possible or not. If yes, a second inspection 
is made where parts are disassembled. In total, there are 152 
checking points. A remanufacturing plan is made. The product 
is cleaned and replacements and repairs are executed. Worn 
parts that don’t pass inspection are recycled. Each part is 
cleaned and reassembled. Tests and calibrations are made, a 
running test of minimum 16 hours. The robot is painted and 
final configurations are made. The robot is delivered with a 12-
month warranty. See Figure 1. 

IndRob distinguished between three different 
remanufacturing processes: remanufactured robots, 
remanufactured customer robot property and remanufactured 
arm exchange. Remanufactured robots are buy backs from 
customers that either are stored as used robots in stock or are 
remanufactured on demand for a customer. A few robots are 
remanufactured and stored. IndRob has a large stock of 
remanufactured and used robots. In comparison, 
remanufactured customer robot property is when IndRob 
refurbishes a customer’s robot and thus prolongs the robot’s 
life time. The robot then has the same owner before and after 
the remanufacturing. Remanufactured arm exchange is when 
IndRob exchanges a mechanical arm with an identical 
remanufactured arm. By doing this, the controller can be kept 
with little reprogramming. The remanufacturing process 
follows a strict systematic process for disassembly, cleaning, 
examination and testing. IndRob only uses certified staff for the 
remanufacturing process.  

At the remanufacturing centre in the US is located in the 
same building as the new robot manufacturing. There are 12 
employees working with remanufacturing. These employees 
have extensive skills in robotics and make decisions on whether 
the robot is suitable for remanufacturing or not. They also 
decide upon the remanufacturing plan and which parts that 
needs to be replaced and which can be remanufactured. 
Usually, there are about 30 robots undergoing work in the 
remanufacturing area simultaneously. On average, each robot 

needs 40 hours of work in the remanufacturing process. In 
comparison, the manufacturing of a new robot in the same 
factory takes on average 15 man-hours. The remanufacturing 
process demands many man-hours and skilled personnel. 
However, it uses little energy and mostly use spare parts from 
other buy back robots.  

4.6. Buying back robots for remanufacturing 

IndRob buys back used robots for remanufacturing. Most of 
these robots are found on the internet. IndRob continuously 
conducts searches online for used robots. In addition, many 
robots are found through word of mouth, through IndRob’s 
sales force. “When they find a robot for us, then we give them 
a finder’s fee if they find a good robot.” Also, IndRob often use 
the buyback of robots as an incentive for the customer to buy a 
new robot. By selling a used robot to IndRob, the customer can 
get a better price for the new robot. Some of these buy backs 
are not useful for remanufacturing and these robots are then 
given to junk dealers. In some instances, there is a set fee for a 
used robot and sometimes IndRob negotiates with the 
customers. For some customers, there is a pre-defined buy back 
price.  

How used robots are evaluated before buy back depends on 
the size of the buy back. If it’s just one or two robots, then 
IndRob get pictures and information about hours in use. But if 
there are many robots, for example 100 robots, then IndRob 
will go and inspect the robots on-site. A normal buy back would 
be about four robots.  

As an example, a buy back from a large automotive 
manufacturer will start when that company will replace their 
shop floor. They will then release a bunch of robots to the used 
robots market. They will reach out globally and ask how many 
robots each company is interested in. IndRob will then give 
them a price and try to buy these robots. One of the things with 
the buyback is that for a company like IndRob it is very 
difficult. The difficulty with IndRob is who they compete with. 
Competitors for buy backs such as junk dealers will usually 
walk around and have money in their pocket. They can buy 
robots by writing a check on the spot. IndRob has more 
administration to manage. IndRob has to set up the customer in 
their system, which takes time. Also, internally within IndRob, 
accounting and auditors don’t always understand why a 
particular robot has a particular price. Often the 
remanufacturing business needs to answer many questions 
internally regarding buy backs of robots.  

4.7. The sustainable future of remanufactured robots 

The future for used and remanufactured robots will be 
challenging as the prices for new robots continue to drop. In 
addition, there is the fact that robots are much more reliable 
today than in the earlier days. “I could argue to you that buying 
a robot from a junk dealer or a used robot dealer is risky. But 
with the reliability being up its much easier to take a used robot 
and put it in the market without any reconditioning. The odds 
are pretty good that it will continue to run.” Hence, there is a 
challenge with the technology as it gets better. There is less and 
less to remanufacture. “We have run this business since 1990 
and they continually say that they don’t see a future for this 
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business in ten years. That it will go away. It doesn’t.” 
However, the content on the remanufacturing is changing. 
IndRob used to do complete remanufacturing but that business 
continually changes. There is not as much mechanical content 
that can be remanufactured as robots contain more and more 
electronics.  

Today, IndRob has a very green process that is used to 
recycle robots. Historically, IndRob used to take scrap robots 
to a dumpster or to a landfill. Now IndRob disassembles and 
separate materials and toxic materials. Some materials are 
bought by other firms, for example some cables are bought by 
one customer. Other materials are recycled. Remanufacturing 
involves a lot of hazardous environments with dirty robots and 
oil leakages. By having a clean and environmental process, 
IndRob is creating a better place, by handling toxic materials 
and recycling. 

The remanufacturing business actually makes more 
money per robot than the new robot business, it’s a good 
business. “I could say that our intention is to be green and to 
recycle, but our intention is to make money. You know, and lots 
of it. That’s that.” 

There are a number of environmental benefits of 
remanufactured robots, such as: 
• Saving material and energy  
• Reduced scrap, 60% of the raw material is reused 
• Reduced waste and less raw material needed 
• Smaller carbon footprint and less greenhouse gases 
 

Despite these environmental benefits, selling 
remanufactured robots with the selling-point of being 
sustainable and green is difficult. “I think in the industrial area 
it is tough to say that we are green. I think that for IndRob, the 
green message would be that we use less power and the way we 
manage things. But I don’t think that we are going to say that 
we remanufacture these robots for sustainability. That is a 
tough one to pitch.”  

5. Discussions and Conclusions 

The paper has pointed to a number of benefits from 
remanufactured industrial robots. First there are customer 
benefits from remanufacturing industrial robots, such as lower 
cost, harmonization with existing robot fleet, fast delivery and 
possibilities to unlock new functionalities. Even though a 
remanufactured robot requires skilled personnel and more than 
double the amount of man hours than the manufacturing of a 
new robot, the cost is lower than for new robots. This is largely 
due to reuse of the core and that the process takes place using 
the same manufacturing line as for new robots. Hence, it is a 
personnel intensive process that is sustainable from a material 
and energy point of view. 

This way of integrated manufacturing and remanufacturing 
processes is seen as an effective way of reducing cost for the 
equipment used, using product knowledge and thereby 
improving the quality of the remanufactured products [15]. 
Second, there are a number of sustainability benefits from the 
remanufacturing business, such as material savings, reduced 
waste and smaller carbon footprint. This is in line with previous 
research, showing sustainable benefits from remanufacturing 
[1, 6, 20].  

The remanufacturing business is changing, as there is a 
faster technology development. Robots have shorter life 
cycles due to faster technological development. This is partly 
due to that there is more electronics in robots, which have 
shorter life cycles and faster become obsolete. There are fewer 
mechanical parts to remanufacture as more parts include more 
electronics. Hence, we see shorter technology cycles due to 
faster technology development. This in turn leads to that new 
robots become “old” faster than previously. With faster 
technological development comes the problem of compatibility 
for remanufactured robots. Old spare parts that are not 
available, this is a concern particularly for electronics which 
have fast technological developments. With limited access to 
spare parts, the remanufacturing process is threatened. This is 
similar to the concerns on the availability of suitable cores [10, 
21], and the need for introducing flexibility to the 
remanufacturing process to be able to cope with the variations 
on old cores [15]. We argue that fast technology development 
can be a threat to remanufacturing. However, it can also 
provide a possibility to firms that have well developed 
remanufacturing processes and modular products where 
exchange of old technology with new technology is possible. 
Hence, fast technological development can be both a threat and 
a possibility for the remanufacturing business of industrial 
robots.  

Another threat to the remanufacturing business is that robots 
become ever more reliable, limiting the need for 
remanufacturing. In addition, the fast rate of technology 
development also makes technology cheaper, which is a threat 
to remanufacturing, as new robots become cheaper.  In 
addition, new products that include new technology may be 
preferable also on an environmental perspective [6].  

 For future developments, modularization becomes ever 
more important, and needs to be considered in the development 
phase. In the design phase, firms need to include the possibility 
to exchange technology that fast becomes “old”. Mechanical 
parts may work well but electronics and software may need to 
be exchanged at a faster rate. Hence, cross-functional 
collaboration is needed for firms to succeed in developing more 
sustainable products, something which has been highlighted in 
the literature [22-24].  

 Previous studies have identified important information 
flows for the remanufacturing process. The information flow 
from the products in use can greatly benefit the 
remanufacturing process and closing the material loop and the 
information loop are intertwined [25]. Design information 
reaching the manufacturing and remanufacturing can improve 
these processes, especially for complex products [15]. In the 
robot case, skilled personnel are needed in the remanufacturing 
process. Today, however, our studied firm does not have any 
collaboration between remanufacturing and R&D in the 
design phase of new robots. In fact, competitors are hindering 
remanufacturing of their own robots by increasing the price on 
spare parts. This issue is not limited to the industrial robot 
market, in fact, the majority of remanufactured products have 
not been designed for remanufacturing [3].  

The last threat identified can be found at the customer 
market. It seems that there is limited acceptance for 
remanufactured industrial robots from customers as well as 
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within the robot manufacturing company. This is in line with 
other studies where customer recognition has been identified as 
a barrier for remanufacturing [26] and internal struggles within 
the firm [11].  

5.1. Conclusion and further research 

The future development of the remanufacturing of industrial 
robots seems to remain uncertain. The company does not have 
a reliable inflow of used cores for the remanufacturing process, 
which creates an uncertainty. The process is highly dependent 
on skilled personnel but information from the products-in-use 
is not captured and used to improve the knowledge and thereby 
the quality of the remanufactured robots. On the other hand, the 
manufacturing and remanufacturing processes are performed in 
the same factory and using the same machines providing a 
knowledge sharing in between them. Also, the customers are 
not easily convinced a remanufactured robot is as good as a 
new one, creating another uncertainty for the remanufacturing. 
However, the remanufactured robots have a lower production 
cost and most likely a lower environmental impact since used 
cores are utilized. Improvements in technology are causing 
problems for remanufacturing by making spare parts obsolete 
and the remanufactured robots outdated. On the other hand, by 
using modularity in product design and manufacturing as well 
as to continuously improve the process by increasing 
knowledge from e.g. the use phase, the company can adopt a 
more flexible remanufacturing process and decrease some of 
the uncertainties in the current process. 

Our study has a number of limitations. Only one firm was 
studied in one market, the US. However, it is a leading firm that 
is well established in the remanufacturing business. Also, the 
US market is one of the largest for industrial robots. Future 
studies could investigate the customers’ point of view on 
remanufacturing to better understand how to improve the 
process and thereby the business case for the manufacturer. 
Furthermore, the future points to an increased sustainability 
focus among customers and the impact of this trend on 
remanufacturing is another interesting topic for future research.  
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