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Circular Economy as a Solution for combating Climate Change
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• Increasing material efficiency is essential to achieve
climate goals and adress the SDGs.

• Policymakers are focusing on Circular Economy as a 
solution approach.

• The steel industry has long focused on recycling as
key strategy, which has led to a decrease of negative 
environmental impacts.

• Metals still contain high potential for providing
services or functions before being remelted – this
potential needs to be leveraged.

• Recycling is only one R strategy and the strategies
with a higher degree of circularity remain untouched.

• There is still a lack of kowledge on how to
implement circular concepts in practice. 

(Cullen 2017; EC 2020; Harvey 2021; IRP 2020) 
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Circular Solutions in the Metalworking Industry
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Extraction Semi-
Product

Processing Use-
Phase

Disposal

Machining Knife

Turning Tool

Extraction Semi-
Product

Processing Use-
Phase

Disposal
Source: Kirschen

Source: Own

∅ 611 mm
∅ 871 mm
∅ 1000 mm

3W. Hagedorn – When disposed Machining Knifes become Raw Material8th Sep. 2021



Circular Solutions in the Metalworking Industry
Remanufacturing

Cutting Grinding

The circular concept of remanufacturing is defined as using a discarded product or its parts in a 
new product with the same function. (Potting et al. 2017)

∅ 1000 mm ∅ 875 mm
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Circular Solutions in the Metalworking Industry
Repurposing

Cutting Grinding

Own Pictures
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The circular concept of repurposing is defined as using a discarded product or its parts in a new
product with a different function. (Potting et al. 2017)



Repurposing

Circular Solutions in the Metalworking Industry
Remanufacturing and Repurposing
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Adjustment of the Value Chain
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Methodology

• Material Properties
• Wear Tests
• Process Development

• Target Costing
• Life Cycle Costing
• Market Effects

• Life Cycle Assessment
• Material Flow Analysis
• CE Indicators

Business 
Model Environment

EconomyMaterial 
Science

(Osterwalder and Pigneur 2011)

Analysis of the Business 
Model:
• Business Model Canvas for linear 

and circular product systems

• Application within several
workshops with project partners

• Inspection of the production
facilities

• Comparison of current and circular
production system

• Identifying fields of actions

• Conducting desktop research and
expert interviews to develop
recommendations
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Opportunities

The economic analysis shows that remanufacturing leads to significant cost savings. 
Especially the raw material and the shortened production process decrease the costs. The 
economic savings are between 30-50%.

Profitability

Customer Retention
The intervention changes and intensifies the customer relationship. The return process
leads to more customer contact and knowledge exchange. There is also a change in the
revenue model and contract design.

By altering the production process, some energy-intensive processes such as heat
treatment and steel smelting become redundant. The implementation of repurposing e.g
leads to a reduction of the carbon footprint of a turning tool of 50%.

Environment

Diversification
The implementation of CE concepts corresponds to the diversification of the business
model. It allows the company to serve multiple product fields and customer groups. These 
are implications for increased resilience. 

Waste
Currently, 91% of the knife remains as waste at the EoL and is sent to recycling. This waste
stream is avoided and instead fed into a second life cycle. The metals used to adjust
material properties (alloys) can thus be used once again and are not lost during smelting.
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Barriers

Conformity with the law is not. Public law is not clear and conflicts with private law in 
Germany. It must be evaluated if the product is waste. The contract design does not 
circumvent the waste declaration. A legal opinion must be prepared.

Law§

Attractiveness
The return process must be designed attractively for the customer. The scrap price is the
minimum revenue to be paid. This is either significantly exceeded or additional value is
offered, such as simplified handling. 

Repurposing is not profitable in this case under current market conditions. Product
selection should consider the target costs in advance. Also, the price should allow to set the
prices for the environmental benefits. This would be given for e.g. kitchen knives (B2C).

Profitability

Collaboration
Working together to merge production processes demands openness, transparency and
commitment. The exchange of data, some of which is sensitive, is necessary. An official
cooperation or partnership for commitment and permanence is helpful.

Reliability of Supply
An optimization issue remains when it comes to product availabilities at EoL. There are
variations in terms of time, quantity and quality. Due to the latter, a decreased yield is to
be expected.
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Conclusions

• The implementation of repurposing and remanufacturing can offer significant environmental benefits.
• Careful economic analysis and contract design are required to set up a business case.
• Prerequisite for circular business models is collaboration and information management across the value-

chain, which require a close cooperation between the involved parties.
• Implementing the CE strategies can lead to a more diverse product portfolio, thus implicating resilience.
• The use of products at the EoL as raw materials prevents waste streams and offers the possibility of using

material properties that were previously set with alloying elements and heat treatment.
• Regarding the quality of the returned products, a quality control must be established and the rate of failure

must be analysed in the long term.
• The customer relationship is intensified, offers knowledge exchange and the development of the production

chain in the interest of the manufacturer and customer.

11W. Hagedorn – When disposed Machining Knifes become Raw Material8th Sep. 2021



Thank you for your Attention

Wiebke Hagedorn
Wuppertal Institute
Doeppersberg 19
42103 Wuppertal
Germany
Wiebke.Hagedorn@wupperinst.org

?
!

12

University Wuppertal
Gaußstraße 20
42119 Solingen
Germany



Literature

Cullen, J. M. (2017). Circular Economy. Theoretical Benchmark or Perpetual Motion Machine? In Journal of Industrialy Ecology, 
Vol. 21, No. 3, pp. 483–486. 
European Commission (2020). Circular Economy Action Plan. For a cleaner and more competitve Europe, Brussel.
Harvey, D. L. D. (2021). Iron and steel recycling: Review, conceptual model, irreducible mining requirements, and energy
implications, in: Renewable and Sustainable Energy Reviews, Vo. 138, 03/2021.
Hagedorn, W.; Greiff, K.; Bienge, K.; Liedtke, C. (2021). Circular Economy Strategies in Practice. Ecological Potentials of
Linking Value Chains in the Metalworking Industry, at Ecobalance 2020, by The Institute of LCA, Sendai, Japan. 
IRP (2020). Resource Efficiency and Climate Change: Material Efficiency Strategies for a Low-Carbon Future. Hertwich, E., Lifset, 
R., Pauliuk, S., Heeren, N. A report of the International Resource Panel. United Nations Environment Programme, Nairobi, Kenya.
Osterwalder A. and Pigneur Y.(2011). Business Model Generation: ein Handbuch für Visionäre, Spielveränderer und 
Herausforderer, Frankfurt a. M.; New York, Campus Verlag.
Potting, J.; Hekkert, M.; Worrel, E.; Hanemaaijer, A. (2017). Circular Economy: Measuring Innovation in the Product Chain, 
PBL Netherlands Environmental Assessment Agency.

13


