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The dominant take-make-dispose model of 
production and consumption represents a 
high level of inefficiency in resource use. In 
the face of climate change and increasing 
vulnerability in supply chains, there is a need 
to design out emissions and waste, opti-
mise and share resources, develop syner-
gies between industrial systems and build 
resilience. 

Climate-KIC’s Sustainable Production Sys-
tems theme is building a new foundation 
for industry in Europe, fostering innovati-
on that decouples economic growth from 
unsustainable resource use and greenhouse 
gas emissions. We develop and champion 
climate- friendly and economically viable 
circular models of manufacturing that will 
deliver a carbon-neutral European economy.

Sustainable Production Systems

Key Activities
Alternative Feedstocks 
We identify alternative feedstock for industrial pro-
cesses, substituting raw materials with secondary 
ones, processed with low carbon, renewable sources. 
We foster innovation that designs waste out of sys-
tems by channelling by-products back into the value 
chain. 

Closing the Loop
Our closed-loop approach yields material and energy 
exchange, and a sharing of assets. Our goal is to add 
value among stakeholders. We demonstrate the po-
sitive impact of symbiosis, shifting efforts away from 
singular gains towards cross-industry and cross-sec-
torial collaboration.

Linking Up and Downstream
We connect upstream (B2B) manufacturing industries 
in the chemicals and metal sector with the industries 
where there is the highest demand for their products 
in the consumer markets – from mobility and house-
hold appliances to electronics, packaging, fabrics and 
clothing. We work with recycling and waste manage-
ment operators, interlinking markets for secondary 
resources and creating closed material cycles.
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Summary
EnCO2re is a flagship programme of Climate-KIC‘s 
Sustainable Production Systems theme that fosters 
open innovation and develops a market for CO2 
re-use technologies. Its vision is to activate a re-used 
CO2 market by establishing a CO2 value chain starting 
with producing polymers and chemical intermediates 
made from captured CO2. The ambition is for 
large-scale CO2 re-use that will close CO2 loops and 
contribute to Europe’s industrial circular economy. 

Key Points
EnCO2re looks to advance Carbon Capture and 
Utilisation (CCU), drawing on the principles of circular 
economy and closing industrial carbon cycles
CO2 can be captured for re-use as an industrial 
feedstock and transition fuel 
Its economic and environmental feasibility depends 
on energy efficiency and sufficient lifecycle analysis 
(LCA) outcomes
CO2 can be re-used to produce polymer materials 
including foams, fibres and rubbers
In this way, CO2 becomes a valuable feedstock that 
partially or fully replaces crude oil
EnCO2re is the result of collaboration with polymers 
producer Covestro and 12 partners across Europe
The programme is mapping a potential value chain 
for CO2, developing CO2-based intermediates and 
polymers, analysing  sustainability and public 
perception, and developing business models
The programme formally launched in October at 
K2016, the world’s largest trade show for plastics, 
with a focus on gaining recognition with industrial 
partners

EnCO2re
Project Drivers and Background 
From global policy to national measures, there is 
significant momentum towards mitigating carbon 
emissions. While decarbonisation and efficiency 
remain the most important strategies to address 
global warming and climate change, the possibility of 
capturing CO2 from stationary sources, or perhaps 
even directly from the air, to use as an industrial 
feedstock for new materials, is an emerging field of 
innovation. 

Chemical research indicates there are ways of sepa-
rating CO2 into its elements carbon and oxygen in an 
energy efficient way. Re-using CO2, also known as 
Carbon Capture and Utilisation (CCU) means to use 
CO2 either directly or as a separate element after 
the separation of the CO2 molecule. CO2 can be used 
directly, such as in dry ice or fire extinguishers. But, 
it can also be used to produce polymer materials like 
foams, fibres and rubbers. In these applications, CO2 
is a valuable alternative carbon source that partially or 
fully replaces crude oil. 

Another application is to produce methane or metha-
nol from CO2, reacting it with power and hydrogen. If 
this power is excess energy from renewable sources, 
and the result can be used in the gaseous or liquid 
distribution systems, CO2 re-use can play a consider-
able role in the transition to renewable energy. 

CO¬2 re-use can be especially useful where no 
non-petroleum alternatives exist, such as in the 
chemical industry or in aviation. CCU can also be an 
enabler of renewable energies, acting as a useful 
storage medium when supply outstrips demand.



Re-using CO2 in
Industrial Products
Captured CO2 could be used in a wide range of indust-
rial products, including cement and concrete, chemi-
cals used in manufacturing processes, and low-car-
bon transportation fuels. In a long-term perspective, 
CO2 re-use has the potential to close industrial 
CO2-circles and thus contribute to industrial circular 
economy. 

The environmental and economic feasibility of CCU 
is dependent on energy efficiency in the separation 
process and the lifecycle of the resulting materi-
als – and this is increasingly within reach. However, 
CCU is currently limited by technological, regulatory, 
and business barriers.  Many of the core technology 
processes are only proven at laboratory scales, and 
require significant development to scale up. Many 
new technologies need to be validated. 

Current regulatory schemes do not encourage CCU, 
nor recognise it as a useful technology. For example, it 
is not included in the EU Renewable Energy Directive. 
But, perhaps, the biggest barrier is the business case. 
Awareness of CCU is low, and demand from producers 
and consumers does not yet exist. 

Programme Detail 
EnCO2re is Climate-KIC’s Sustainable Production 
Systems theme working with polymers leader Covestro 
and 12 research partners across seven European 
countries. The vision is to activate a dynamic market for 
re-used CO2. There are four main areas of focus: 
exploring and mapping the value chains for re-using 
CO2, developing CO2-based intermediates and 
polymers, analysing lifecycle and sustainability, and 
developing business models.

Intermediates and polymers, the core technologies in 
various stages of technical readiness, encompass the 
chemical processes and end products that can incorpo-
rate re-used CO2. Approaches including electrochemi-
cal conversion, separating the carbon and oxygen, using 
electricity and a catalyst; and polymer creation through 
catalysis, or reacting CO2 with an alkylene oxide.
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Mapping the Value Chain
At the early stages, CO2 re-use will make the most 
sense in industry clusters, where producers and users 
of CO2 are physically proximate. EnCO2re is studying a 
handful of prime locations, including North Rhi-
ne-Westphalia in Germany, Western Sweden, and the 
Port of Rotterdam to map the sources and potential 
CO2 users. Industrial point sources, include iron and 
steel, cement and lime, coking plants and refineries as 
well as combined heat and power plants, incineration 
and biomethane plants.

This strand of work, led by EnCO2re partner Imperial 
College London, addresses the availability and cost of 
complementary resources such as hydrogen and rene-
wable energy – over the near, medium, and long-time 
horizons. It will develop an exclusive understanding of 
the linkages needed to build a viable CO2 re-use value 
chain, using techno-economic analysis of financial 
viability, material flow analysis, GIS-visualisation, and 
stakeholder analysis and consultation. 

Sustainability Analysis
and Business Development
Sustainability analysis, another focus for EnCO2re, 
examines the lifecycle environmental impact, asses-
sing CO2 re-use products for a net environmental 
benefit compared to traditional products. This strand 
is developing methods for lifecycle environmental as-
sessment, considering factors including the producti-
on of raw materials to the recycling and final disposal 
of waste. It also addresses public perception, helping 
ensure that the case for CO2 re-use is fact-based. 

EnCO2re’s business development work aims to 
accelerate the commercialisation of CCU by applying 
lessons learned from other industries to a traditionally 
slow-moving chemical sector. It also tracks and analy-
ses the state of CO2 re-use activity on a global level. 
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Climate-KIC Support 
Climate-KIC has provided vital funding, and been a key 
facilitator in bringing together this consortium of 
business and academia to move CCU forward. 
EnCO2re and its partners are poised for success: In 
June 2016, Covestro opened a plant producing 
re-used CO2 foam, made with 20 percent CO2 at its 
Dormagen site near Cologne, Germany. The plant has 
an annual production capacity of 5,000 metric tonnes.

This is a breakthrough in demonstration, according to 
Ted Grozier, Programme Manager of EnCO2re.
“The opening of the Dormagen plant takes us from 
the theoretical potential to reality.  And that is a good 
sign for the future of CO2 re-use. By producing this 
material, Covestro is giving its customers a new way 
to reduce the footprint of their products,” Grozier says.  

What’s Next?
EnCO2re‘s recent launch focuses on gaining recogniti-
on in the plastics and chemicals sector, positioning 
the technology as a way to decouple these materials 
from fossil feedstock.  

“We need to figure out how to make plastics and che-
micals without using fossil fuels. Just like bio-based 
feedstocks and better recycling, CO2 re-use presents 
an opportunity to apply closed-loop processes to a 
large and growing industry. EnCO2re is aimed squarely 
at seizing that opportunity – and using it as a pillar of 
European competitive advantage,” says Grozier.

5Sustainable Production Systems



Summary
Algae biomass and its associated compounds are 
being developed as sustainable raw materials and 
industrial feedstock for a host of sectors, including 
animal feed, bioplastics and fuels. Microalgae Biorefi-
nery 2.0 (MAB 2.0) is piloting a system that integrates 
algae production into waste water treatment plants. 
It has several benefits, such as capturing the CO2 
produced in biogas plants on site, and helping remove 
nutrients to below the legal threshold for natural 
discharge. The project, currently at Demonstrator sta-
ge of Climate-KIC’s innovation process, is also looking 
to market the algae biomass in a variety of sectors, 
including adhesives, bioplastics and cosmetics, look-
ing for environmentally sounder alternatives.

Key Points
Algae can be grown using the side streams of waste 
water treatment, namely CO2 captured from any 
onsite source and the effluent produced through 
dewatering sewage sludge
In doing so, it can optimise energy use and reduce 
emissions at waste water treatment plants, impro-
ving environmental performance
The biomass produced can be used as an environ-
mentally sounder alternative raw material in a range 
of manufacturing applications 
Microalgae Biorefinery 2.0 (MAB 2.0) is piloting such a 
system, integrating algae biomass production into the 
operations of the North Budapest waste water 
treatment plant operated by Budapest Sewage Works
MAB 2.0 will develop its service offer for the waste 
water treatment sector 

Microalgae Biorefinery 2.0 (MAB 2.0)
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Project Background and Drivers
To ensure a continued supply of quality water for human 
consumption, and for agricultural and industrial use, 
society has to treat the growing amount of waste water 
it produces. Treatment plants use energy to remove 
nutrients from the wastewater and usually have biogas 
plants onsite that emit CO2. Algae, like all plants, absorbs 
CO2 and produces oxygen while producing biomass that 
can be used in different applications. 

If algae production systems are integrated into waste 
water plants, they can significantly reduce the number of 
times the effluent is reintroduced to the system for pu-
rification, saving energy and money for water treatment 
plants and water managers. 

The algae biomass produced as a result has en-
vironmental benefits, too. It can be processed into 
useful products such as biofuel, plastics or adhesives, 
reducing reliance on fossil fuels and energy-intensive 
production processes.

Project Detail
Microalgae Biorefinery (MAB) 2.0 is a Climate-KIC 
Demonstrator project based in Hungary. It is developing 
a system that grows algae - microbic plants - using the 
side streams of waste water treatment plants. It can 
be integrated into the waste water treatment process, 
capturing CO2 and using the nutrients found in the 
effluent produced by dewatering sewage sludge to 
produce added-value algae biomass. This is then sold 
on to processors.“

There are many technologies on the market that 
produce algae, but they usually do so on sterile 
media, which provides what the algae needs in a fully 
controlled manner,” says Miklós Gyalai-Korpos, MAB 
2.0’s innovation manager. “But in our case, the algae’s 
feedstock is a byproduct of waste water treatment.”

That byproduct is the effluent produced during the 
dewatering of sewage sludge. Although it is not raw 
waste water its nutrient content is still above the 
threshold for discharging directly back into the water 
cycle. Instead, waste water treatment plants inject 
effluent back into the system, retreating it more than 
once until it is suitable for discharge. All along the way, 
this uses large quantities of energy, which produces 
greenhouse gas emissions.
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Product Development  

The biomass end-product is environmentally friendly, 
too. One of the project’s partners, Wageningen Food 
and Biobased Research, is examining the composition 
of the algae produced to identify potential uses. Algae 
is often discussed as a potential source of biofuel, but 
that is a low-margin sector, according to Gyalai-Korpos. 
The plan now is to look at higher value-added uses for 
their product. With that in mind, MAB 2.0 has already 
signed memoranda of understanding with three 
companies interested in piloting its biomass product in 
a range of applications.

The first is a bioplastics manufacturer interested in 
trying out algae as a raw material. The other commer-
cial opportunities are related to the wood industry. 
“Composite wood products [such as MDF or chipboard] 
are made from particles of wood and glue stuck 
together,” says Gyalai-Korpos. “The adhesive is made 
from fossil fuels and contains formaldehyde, which is 
carcinogenic.” Algae, he adds, could be the perfect 
alternative. 

“If algae can consume those nutrients, then you 
reduce your load and therefore the energy use of 
the plant,” says Gyalai-Korpos. “And you can put the 
effluent back into nature after algae treatment.” Many 
plants also have a biogas facility or other CO2 source 
nearby such as natural gas boilers, he adds, and the 
algae can use CO2 captured from those processes.

There are multiple environmental benefits of produ-
cing algae in waste water, but the practicalities pose 
some issues. Effluent contains a lot of components, 
some of which can be toxic or inhibitory to algae. It’s 
dark in colour, too, which makes it harder for sun-
light, the other main ingredient of photosynthesis, to 
penetrate usefully. 

As well as perfecting a method of producing algae 
biomass from waste water, the MAB 2.0 team is also 
developing an interface to connect the treatment 
facility with the algae production area that will use 
filtration to make the effluent algae-friendly. 
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Climate-KIC Support
 

Three years ago the project started its Climate-KIC 
affiliation as a Pathfinder project, testing the feasibility of 
its innovation assumptions. Today, as a Demonstrator, it 
draws on the business and technological expertise of 
partners across Europe including PANNON Pro Innova-
tions, Utrecht University, Wageningen University, 
Wageningen Food and Biobased Research, Budapest 
Sewage Works Pte Ltd, INRA, the University of Valencia 
and the Polytechnic University of Valencia. 

“Seven out of our eight current partners are Climate-KIC 
partners - and our industrial partner, the Budapest 
Sewage Works has engaged with Climate-KIC due to this 
project,” says Gyalai-Korpos. “These connections are a 
huge advantage.”

The business development and technological support 
the partners have provided has been essential, he adds. 
Climate-KIC’s network could offer business opportuni-
ties as well. “There are more partners within Climate-KIC 
that could be interested as potential clients,” says 
Gyalai-Korpos. “But first, we need to build our business 
case.”

What‘s Next?
 

At present, the Demonstrator is being tested at a pilot 
facility based at the North Budapest waste water 
treatment plant.  “We want to test more algae producti-
on technologies, this year and next,” says Gyalai-Korpos. 
MAB 2.0 is ramping up its business offer, ready for 
discussion with potential clients by the end of 2016. 
After that, the next step will be to attract the funding 
necessary to scale up the operation and to focus on how 
to introduce the product to market. It’s an innovation, 
just at the beginning.

The algae biomass produced as a result 
has environmental benefits, too. It can be 
processed into biofuel, plastics or adhesi-
ves reducing our reliance on fossil fuels and 
energy-intensive production processes.
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Summary
Planning Circular Economy For Industrial Areas 
(Place’In) is an explorative project testing the com-
mercial feasibility of building circular economy 
principles into the design and layouts of industrial 
parks. The insights are contributing to the ongoing 
development of a web-based tool, which business 
and production managers can use to plan, find input 
synergies or evaluate locations and cost. Such a tool 
aids the proximity and connectivity required to share 
resources and accelerate the circular economy. The 
team expects this to be up and running within the 
next two years. 

Key Points
In 2015, the European Commission launched a 
Circular Economy Package aimed at helping 
businesses move away from the make-take-
dispose economic model
Industrial symbiosis, where the waste products of 
one industry become the inputs for another, is a key 
plank of the circular economic model
Place’In is a Climate-KIC Pathfinder project, led by 
French energy firm Engie, that has been exploring 
the commercial viability of building industrial 
symbiosis criteria into the planning and population of 
industrial parks
This research has crystallised in an online tool - Be 
Circle! - that will enable industrial park managers and 
their clients to connect to one another and plan 
circularity into their production systems

Place’In
Project Background and Drivers
The traditional linear economic model - known more 
colloquially as the take-make-dispose model - is 
inherently unsustainable. Driven by a swelling global 
population and the pressure to keep economies moving, 
industry and consumers are ploughing their way through 
a finite supply of natural resources and raw materials. In 
2010, 65 billion metric tonnes of raw materials entered 
the global economic system, a figure predicted to rise to 
82 billion tonnes by 2020. 

An estimated 90 percent of the raw materials used in 
manufacturing becomes waste even before the product 
leaves the factory. And, 80 percent of new products are 
disposed of within the first six months of their life. This 
wastage ends up in landfill or incineration, compounding 
greenhouse gases emissions and other pollutants. 

In 2015, the European Commission launched a Circular 
Economy Package to help businesses and consumers 
move away from the take-make-dispose paradigm 
towards a circular economic model, in which the maxi-
mum value of raw materials is extracted and the lifespan 
of products is extended as much as possible through 
recycling, re-use and repair.

The proposals contained in the package include mea-
sures to stimulate the sharing of by-products among 
industries. This is called industrial symbiosis, and it has 
a crucial role to play in the movement towards a circular 
economy. It describes an association between two or 
more businesses, or industrial processes, in which the 
waste products from one become the raw materials for 
the other.
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This brings down costs, raw material consumption 
and energy use, which helps lower greenhouse gas 
emissions. In the UK, the National Industrial Symbiosis 
Programme posted a reduction of 39 million tonnes of 
industrial CO2 emissions between 2005 and 2013 as 
result of its efforts.

Industrial symbiosis is good for businesses’ bottom 
lines, too. Greater implementation of industrial symbi-
osis across the EU could save businesses €1.4 billion 
a year and could generate a further €1.6 billion in ad-
ditional sales, according to the European Commission 
report, Roadmap to a Resource Efficient Europe. 

Project Detail
Place’In - Planning Circular Economy for Industrial 
Areas - is a Climate-KIC Pathfinder project that began 
in May 2016, to examine the business case for 
building industrial symbiosis criteria into the design 
and planning of industrial parks. 

“For a year we had been thinking about different 
things that could be useful for land planners and 
managers to help them better design and plan indus-
trial parks, taking into account the different indus-

trial symbioses they could implement – either with 
industries already on site or that might be interested 
in coming,” explains Delphine Antoniucci, a project ma-
nager at French energy company Engie and Place’In 
project lead. “We wanted to show them they could 
save money by implementing industrial symbiosis, as 
well as reducing their environmental impact.”
This thinking led to the idea of developing an online 
tool that could be used by both park managers to 
plan their sites and to attract new businesses, or by 
industries to identify opportunities for industrial sym-
biosis on offer within industrial parks as they look to 
relocate. Such tools do exist, Antoniucci says, but they 
tend to focus on particular industries, or even types of 
outputs, and require training and specialist knowledge 
to use. 

“What we observed is that the existing tools are for 
experts,’” she explains. “They are very specialised. To 
use them you have to be an expert in symbiosis or 
mathematics.” Instead, Place’In has been exploring 
the commercial viability of developing a tool simple 
enough and with enough breadth of application to be 
widely used by the manufacturing sector. 
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“We wrote a basic technical specification and realised 
a proof of concept,” says Antoniucci. “Then we asked 
Climate-KIC about doing a Pathfinder to study the 
markets and to develop a business model for two 
countries, France and Germany.”

Engie has been working with two industrial parks – 
Inspira, near Grenoble in France, and Höchst Industrial 
Park, near Frankfurt in Germany, as well as with CRG, 
the École Polytechnique’s management research cen-
tre, and Provadis, a German business school, which 
has helped conduct market research and collect data 
for the Pathfinder.  

“All the interviews, the market identification and sizing 
from Place’In, along with our business model and 
plan, have been used to launch [a demonstrator] ‘Be 
Circle!’,” says Antoniucci. 

Be Circle! will develop and industrialise a web-based 
tool designed to help industrial parks shift towards 
a circular economic model. This tool is intended to 
be as straightforward as possible to use. So, before 
a business decides which park would best suit its 
requirements, it could enter its own outputs and input 
requirements into the tool, which would then suggest 
possible sites based on those factors as well as an 
idea of cost, potential revenues and the environmen-
tal impact of each choice. 

A park manager could use the tool to pitch his or her 
site to potential tenants by matching the needs of their 
prospective client to the existing opportunities offered by 
businesses already located there, as well as an estimate 
of the effect on their bottom line. Such a tool will aid the 
connectivity – and proximity - required to share resour-
ces and accelerate the circular economy.

Climate-KIC Support  

The Place’In project was able to leverage Clima-
te-KIC’s network of partners, including CRG and 
Provadis, to ensure the market research was as broad 
as necessary.

“And they were every helpful in structuring the pro-
ject,” says Antoniucci. “Climate-KIC has been advising 
us all along the project’s progress - in terms of the 
project management and strategy, and in making sure 
the climate impact will be addressed and monitored in 
an interesting way. And, to help us be sure about the 
scalability of what we are developing.”

What’s Next?  

At present, the tool is at the proof-of-concept, rather 
than functional, stage but not for long. The project will 
apply to Climate-KIC’s Demonstrator innovation 
phase at the end of this year. If accepted, Antoniucci 
says she hopes to develop a business plan as well as 
the tool itself to have Be Circle! market-ready by the 
end of 2018. After that? “We have the ambition to 
develop a tool that could be used worldwide, so we 
are doing a lot of work around scalability,” says 
Antoniucci. “With very little adaptation, we could use 
the tool in China, for example.”

Such a tool will aid the connectivity –
and proximity - required for industrial
symbiosis, to share resources and
accelerate the circular economy.
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Summary
Plans to build the EU’s first recycling facility for large 
ships are underway at the Port of Frederikshavn 
in Denmark. Total Recycle Decommissioning (TRD) 
is a Climate-KIC Pathfinder project that has been 
exploring the commercial and environmental viability 
of establishing a cluster of companies around the 
proposed port facility to maximise the amount of 
recycled materials extracted from ships decommissi-
oned there. 

Key Points
Around 95 percent of the 1,250 large ships
decommissioned each year are beached
Unsafe practices and the unregulated handling of 
hazardous materials at these facilities has negative 
consequences for the workers involved and for the 
environment
The 2013 EU Ship Recycling Regulation aims to 
mitigate these issues
The first regulation-compliant facility in the EU is 
planned for the Port of Frederikshavn in Denmark
The TRD project aims to establish the commercial 
viability of creating a specialised recycling cluster at 
the planned facility to maximise the amount of 
recoverable materials from each ship

Project Background and Drivers
Each year around 1,250 oceangoing ships are 
decommissioned. Of those, 95 percent are beached, 
according to Ship Recycling Lloyd’s Register, and often 
in Southeast Asia where unsafe working conditions 
and improper handling of hazardous materials can be 
harmful both to the workers and to the environment. 

The EU Ship Recycling Regulation, which came into 
force in 2013, aims to reduce the negative environ-
mental and social impacts arising from the scrapping 
of EU-flagged vessels. It is expected to be ratified 
by all member states within the next five years. At 
present, there is no facility within the EU capable of 
decommissioning large ships in line with procedures 
and standards laid down in the new regulation, but 
the first such facility is on its way. It will be built at the 
Port of Frederikshavn, in Denmark. The new plant is 
due to open by the end of 2017.

Transitioning to a circular economy is high on Europe’s 
agenda. In 2015, the European Commission launched 
a Circular Economy Package to help businesses move 
towards an economic model in which the maximum 
value is extracted from all raw materials, products and 
waste. 

Total Recycle Decommissioning 
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Project Detail
Total Recycle Decommissioning (TRD) is a project 
examining the commercial incentive to maximise the 
percentage of recycled materials from ships at the new 
facility. 

“Currently decommission sites are mainly focusing on 
steel, so we thought it would be beneficial to look at 
non-ferrous metals and hazardous chemicals. These 
materials are currently just discarded. We want to use 
their waste to establish a cluster of companies that 
focus on all materials, and so to introduce a circular 
economy mindset into this facility,” says Konstantina 
Kaisheva, project consultant at NTU, the Danish firm 
leading the project. 

The team has conducted a pre-feasibility study, which 
included researching which metals are most technically 
viable to recycle and levels of commercial interest in 
these proposals from companies in Denmark and the 
other Nordic countries. 

“We have learned there is definite commercial viability 
focusing on non-ferrous metals, especially copper, ni-
ckel and lead,” says Kaisheva. “One large roll-on/roll-off 
passenger ship provides around 100-300 metric ton-
nes of non-ferrous metals, which can easily be recycled 
with these companies’ expertise, and non-ferrous 
metals generally have a higher selling price as scrap 
than steel does.”
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Furthermore - and in contrast to unregulated ship 
decommissioning - every stage of the recycling process 
would be documented and properly recorded. This 
information could then be fed back to ship designers 
to help ensure that the next generation of ships are 
as recyclable as possible. “It’s the circular economy in 
practice,” Kaisheva says. 

It is difficult at this early stage to quantify the reduction 
in greenhouse gas emissions that could be realised by 
the scheme’s energy savings. That will depend on the 
tonnage of ships and equipment that the proposed 
facility recycles each year. But, as Kaisheva points out, 
any reduction in the number of vessels being de-
commissioned on beaches in Bangladesh or Pakistan 
will have an immediate and beneficial environmental 
impact. 

Climate-KIC Support
 

NTU became a Climate-KIC partner last year. Bringing 
the Total Recycle Decommissioning concept to Clima-
te-KIC felt like natural fit for the company, Kaisheva says. 
“We felt they had the expertise to back up this kind of 
project because they are focused on environmentally 
friendly solutions and innovations,” she explains. “It’s 
very exciting to have a partner like Climate-KIC - they 
have been heavily involved from the beginning.”

Climate-KIC’s Nordic team helped NTU prepare its 
application for the Pathfinder, and assisted with 
brainstorming sessions to help get the concept into 

shape. “After we were awarded [Pathfinder status], 
Climate-KIC gave us continuous help,” Kaisheva adds. 
“They were very happy to provide contacts for us 
when we were doing stakeholder research, and we 
hope this will continue. It’s a very informal and close 
relationship that we have with Climate-KIC. It’s a 
team effort.”

What‘s Next?
 

Total Recycle Decommissioning hopes to be accepted 
onto Climate-KIC’s Nordic Accelerator programme 
later this year to expedite the development of a 
detailed business model on the back of the project’s 
existing research. “We want to continue dialogue with 
companies and hopefully with ship owners as well,” 
says Kaisheva. Two other Climate-KIC partners, 
Technical University of Denmark and Aarhus Universi-
ty, has been brought on board for this next phase to 
help ensure the business model remains technologi-
cally and environmentally sound as it is developed. 
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Summary
rePATRN is a recycling business that has created a 
simple yet powerful framework that can be applied in 
any developing country where there’s a need for 
proper disposal of plastic bottles. It is set up in an 
inclusive manner that is economically profitable, 
creates employment opportunities and has a positive 
societal and environmental impact. Plastic bottles 
collected from households, streets or landfills are 
crushed to flakes and sold on the international scrap 
plastics market. To encourage the proper disposal of 
plastic bottles, rePATRN is looking to feed its plastic 
bottle flakes into the value chain of international 
fashion companies to demonstrate the material’s true 
value.

Key Points
Solid waste management is a tremendous 
challenge all over the globe but especially in the 
developing world 
Population growth in some developing countries 
has outpaced the development of waste collection 
infrastructure
Recycling rates are low and represent a missed 
opportunity in terms of resource use
rePATRN processes plastic bottles, bought from 
resource collectors, into flakes and re-integrates 
the material into the value chain of food and 
beverage packing and the fashion industry
As part of the validation of its framework, rePATRN 
has established a small, local team in Ghana and is 
working towards making plastic bottle processing a 
viable business
The aim is to change the perception of discarded 
plastic bottles from waste to resource
Setting up was challenging due to cultural differen-
ces, but identifying and collaborating with pivotal 
stakeholders enabled the process 

Project Background and Drivers
Ghana’s government is among a number of developing 
countries struggling with the provision of waste 
management services. Its major cities, Accra and 
Kumasi, generate over 4,000 tons of waste on a daily 
basis. Local authorities, lacking in capacity, are overwhel-
med by the quantities arriving at landfills. Waste 
management mostly involves collection and dumping. 

rePATRN

Municipal solid waste (MSW) in Ghana comprises mainly 
recyclable and compostable streams: almost 60 percent 
is organic waste, while plastics account for around 18 
percent. Despite this, recycling rates are low, and fly tip-
ping and littering are persistent and problematic. While 
other countries have devised strategies for obtaining 
added value from their municipal waste streams – Swe-
den, for instance, extracts energy from the incineration 
of its MSW, or the Philippines converts plastic waste into 
fuel – the lack of capital, technology and human resour-
ces prohibit many developing countries from capitalising 
on these resource opportunities. 

Recycling plastic represents significant opportunity to 
reduce energy consumption and carbon emissions. 
According to the Bureau of International Recycling, one 
tonne of recycled plastic saves 5,774Kwh of energy, 16.3 
barrels of oil, and 22 cubic metres of landfill.  

Project Detail
rePATRN has created a framework that enables the 
setting up of inclusive plastic bottle recycling busines-
ses. It is currently validating this framework in Ghana. 
The main source of the plastic bottles are the informal 
resource collectors. Once transported to the factory, 
the material is processed, removing labels and caps, 
before running it through a crushing machine to 
produce plastic bottle flakes. These are sieved to omit 
dust particles and to ensure consistency in size. Once 
the processing is finished, they are packed and ready 
for export.
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The Recycled Plastics Market  

On the scrap plastics market, these flakes are bought 
by other recyclers, which produce re-granulates that 
provide the basis for a wide range of different products. 
They are used in the textile industry for polyester fibres, 
in the automotive industry for plastic components or in 
the packaging industry for strapping, sheets and bottles.

While European recyclers face greater threats to their 
business because of higher cost bases in labour and 
plant and machinery maintenance, developing countries 
have relatively low costs. There is further pressure with 
the current low cost of crude oil, which as the basis of 
all plastics, makes virgin material as cheap an option as 
recycled materials. 

“It‘s challenging. The global recycling industry is going 
through tough times. Operating from developing coun-
tries, we see advantages in the cost base.,“ says Jeffrey 
Provencal, founder of rePATRN. “The informal sector is 
a huge contributor to local waste collection, producing 
higher collection rates than the formal sector.“ 

17Sustainable Production Systems

With the launch of our partner organisation 
Environment360’s recycling program we 
are looking to further educate people on the 
value of plastic bottles and shift perceptions 
from waste to useful new resource



Working Culture  

While Provencal has returned to his Ghanaian roots from 
Switzerland to start the business, the difference in 
culture has proven challenging. The test has been to 
create reliability and trust with suppliers. Provencal has 
dealt with this by being flexible. While rePATRN initially 
developed the framework around the baling of plastic 
bottles, unreliability among local buyers soon necessita-
ted a shift. Provencal switched to a crushing machine, 
which meant rePATRN could process plastic bottles into 
flakes, which would then allow it to target the internatio-
nal market. 
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Provencal has been developing rePATRN’s framework 
over the last three years, through research on the 
ground and through forming a network. He moved to 
Ghana last year. Since then he has assembled a local 
team, which includes a waste management advisor and 
a site manager (a former resource collector), responsible 
for all human resources related matters. 

Over the coming year, Provencal plans to formalise 
arrangements with the informal workers, enabling the 
provision of health care and social security benefits. 
“With the launch of our partner organisation Environ-
ment360’s recycling program we are looking to further 
educate people on the value of plastic bottles and shift 
perceptions from what is currently deemed waste to a 
useful new resource“ he says.  



“There have been things that didn‘t come up in the feasi-
bility study. The site we have now allows us to see how 
much material we can source on a monthly basis. Once 
we reach 300 tonnes a month, we will have to move 
somewhere bigger,” Provencal adds. 

rePATRN’s major aim is to change how waste is percei-
ved in developing countries by demonstrating what can 
be made out of plastic bottles. “We firmly believe that 
by ensuring our PET flakes are used in long-lasting and 
high-quality products, such as the Fjällräven backpack 
Re-Kånken, we are able to re-pattern people’s minds, 
and help them perceive PET as a precious and useful 
new resource.”

Climate-KIC Support  

Climate-KIC has supported rePATRN since 2015, when 
Provencal, a Swiss-Ghanaian, applied to Climate-KIC‘s 
Accelerator programme. After a pitch, during which he 
pledged to quit his job the following Monday and move 
to Ghana to launch the business, rePATRN was accepted 
on to stage three of the programme. 

“I called a meeting with my boss, quit my job and left 
Zurich a month later,“ says Provencal. “It was only with 
the Climate-KIC funding that I could actually make the 
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move to Ghana to launch the pilot. I spent two and a half 
years researching the market, meeting with stakehol-
ders. Climate-KIC provided mentoring, and it was great 
to be able to draw on this to know that I was on the right 
path. At each stage you have to provide a breakdown of 
what you do and where you have to watch out. One of 
the most important things I‘ve learned is the importance 
of finding your first customer with a minimum viable 
product. It‘s very Swiss to want to have a perfect product 
before talking to anyone.“

What‘s Next?  

Going forward, Provencal is looking to develop rePAT-
RN’s client base beyond food packaging and to include 
textiles. “This is where you have a high value end 
product. Nike is using recycled plastic bottles in its Flyknit 
technology, and Patagonia, Northface and Kathmandu 
have been using the material for a long time. Sustainabi-
lity lies in the longevity of a product. When introducing 
recycled plastic bottles in textiles the life cycle of a 
product is considerably longer than in food and beverage 
packaging. So we are looking to find the right partners 
and collaborate with polyester manufacturers. It‘s a 
challenge, but this could help show people locally what 
can be produced from so-called waste.“   
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