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It has become evident to date that the wasteful 
economic model in use since the start of the in-
dustrialization can no longer be supported by the 
eco logical resources of the planet. Clearly, new mo-
dels that make it possible to restore and regenerate 
natural capital have to be found. The Mistra Closing 
the Loop program makes its contribution to the 
development of a new economic model by leading 
the recycling of industrial by-products away from 
the mentality of single use and the need to mine 
ever more resources.

The program illustrates that the market often 
discourages production of secondary raw materials 
and their uptake by the industry. Environmental 
costs of production of primary resources are not 
properly taken into account in their pricing. This, 
together with the lack of measures for creating 
demand for recycled streams causes severe market 

conditions and intense competition from lower- 
priced virgin materials. Clear economic reflection 
of environmental costs in virgin materials’ prices 
should perhaps be seen as a key factor in creating 
the conditions for price stability and increasing 
demand for secondary resources.

Importance of taking effective policy measures to 
increase the circulation of secondary raw mate-
rials has now been recognized by both European 
governments and industry. This report provides 
exam ples of the impact from regulations encoun-
tered by participating projects and researchers’ 
insight into how policy measures could facilitate 
uptake of new technologies and more resource- 
efficient practices in their areas of research.

For building an efficient market of secondary raw 
materials today’s uncertainty associated with poten-
tially unstable supply and quality of secondary raw 
materials should be eliminated. Secondary raw 
materials should become available in a safe stable 
quality and quantity. Essential aspects of building 
this market are discussed in the report based on the 
experience shared by the projects.

The report also includes brief descriptions of 
the projects included in Mistra Closing the Loop 
program and their achievements.

Closing the Loop  
for industrial by-products, residuals and waste: 

From Waste to Resource
S Y N T H E S I S  R E P O R T  O F  M I S T R A  C LO S I N G  T H E  LO O P  R E S E A R C H  P R O G R A M  2012 –  2015
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Closing the Loop is an interdisciplinary 
 research program initiated by Mistra, the 
Swedish Foundation for Strategic Environ-
mental Research, that started in 2012 and 
in three years’ time created new know-
ledge about how industrial residues and 
by- products can be returned to society as 
valuable resources. The program united seven 
individual projects and involved 50 organiza-
tions including represen tatives from various 
industries,  research institutes and universities.

The diverse disciplinary backgrounds of the 
researchers coupled with different approaches 
to the problem of industrial residues enabled 
the program, as a whole, to raise the issue 
of resource efficiency and use of secondary 
resources to a brand new level. The versatility 
of participating projects was a major strength 
of the program, but also a challenge.

The program has created extensive network 
of specialists and established arena for on-
going exchange of thoughts and ideas about 
resource-efficient solutions. Collaboration 
between complementary competences has 
led to generation of new project ideas, helped 
to improve the training of new professionals 
who will push the sustainability forward, and 
contributed to better understanding of the de-
sired future development. These are just some 
examples illustrating interaction between the 
projects, but not covering the entire spectrum 
of cooperation. 
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O V E R V I E W  O F  T H E  P R O J E C T S

1 http://www.overshootday.org/ 
2 Growth Within: A Circular Economy Vision for a Competitive 
Europe, Ellen MacArthur Foundation and the McKinsey Center 
for Business and Environment, 2015

Closing the Loop is driven by a philosophy of 
circular economy and zero waste. This concept, in 
which today’s goods become tomorrow’s resources, 
seems to be the only reasonable line of develop-
ment for humanity in a world of finite resources. To 
date, both European governments and the industry 
recognized that only such system-wide perspective 
can help us make better decisions about  resource 
use, resolve our waste problem, and advance 
towards sustainable and prosperous society.

Unfortunately, our today’s realities are far from 
the model to which we aspire. According to Global 
Footprint Network’s calculations, our demand for 
ecological resources and the services they provide 
is now equivalent to that of more than 1.5 Earths1. 
We are simply using more than what the planet can 
provide. In addition, this use is extremely ineffi-
cient. As a study carried out by Ellen MacArthur 
Foundation has shown, in 2012 European economy 

lost 95 percent of the material and energy value, 
while material recycling and waste-based energy 
recovery seized only 5 percent of the original raw 
material value2. In other words, Europe still uses 
materials only once.

It is obvious that such a wasteful economic 
model endangers the well-being of today’s society 
and also its very existence. We are in urgent need 
of a new economic model that makes it possible to 
restore and regenerate natural capital.

Closing the Loop program makes its contribu-
tion in the development of such economic model 
by leading the recycling of industrial by-products 
away from the mentality of single use and the need 
to mine ever more resources. Projects participating 
in the program are focused on various aspects of 
industrial waste problem trying to contribute to the 
construction of a joint working system.

Industrial waste problem  
and its reflection in the 

Closing the Loop projects
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Quick Flux
The Quick Flux project is developing a process 
route for the recovery and utilization of salt slag 
from the aluminum recycling industry. The sugge-
sted process is based on transforming salt slag into 
a valuable slag-former for the steel industry.

Salt slag is a residue formed during melting of 
aluminum scrap, which has so far had no use and 
had to be processed before landfilling. The Quick 
Flux new flash melting process closes the loop for 
salt slag from the Swedish aluminum industry by 
converting it into a customized pre-melted synthe-
tic slag for steel industry. The product is a strategic 
consumable for production of high quality and high 
strength steel. Up until now all material is imported 
to Sweden. The amount of salt slag produced in 
Sweden is in balance with potential consumption of 
pre-melted slag in the country.

Several approaches to transforming salt slag into 
industrial products have recently been discussed 
within several research programs. In difference to 

ZERO WASTE

SLAG FORMER

ALUMINUMSALTS

SALT SLAG

Quick Flux these projects focus on “water-washed” 
slags as input material. The salt in these processes is 
collected in a water solution and has to be evapora-
ted and dried before further use, which means that 
extra technological steps and additional energy is 
needed on top of the main process. Another unfa-
vorable aspect is that the remaining metallic Al is 
partly lost by oxidation in the washing procedure. 
The washing procedure itself has also a risk to gene-
rate toxic gases. 

The QuickFlux-route avoids these problems as 
the washing procedure of salt slag is not used. Me-
tallic aluminum in the QuickFlux process is reco-
vered by use of a new rapid cooling process for salt 
slag followed by conventional sorting systems using 
eddy current. The method is now planned to be im-
plemented in industrial scale at Stena Aluminium. 
Salt and pre-melted slag are produced in a conver-
ter process were the pre-treated salt slag is melted 
together with burned lime and dolomite. The salt is 
vaporized during the operation and is collected in 
the off-gas stream. The extracted salt can be re-used 
in the aluminum scrap melting furnace.

An apparent and direct achievement of Quick 
Flux technology is preventing landfill of 20,000 
tons salt slag and converting this waste into a new 
marketable product.

Presently imported pre-melted slag is mainly 
produced from virgin raw materials. In the Quick 
Flux route the most valuable primary product Al2O3 
is recovered from currently unexploited secondary 
source, which helps to preserve natural resources, 
moderate environmental burden and safeguard 
future access to raw materials.

Use of the Quick Flux product offers a number of 
environmental benefits as well. Quick-melting slag 
produced by Quick Flux technology allows redu-
cing CO2-emissions and energy consumption in 
steel production by more efficient ladle metallurgy. 

It can be estimated that the production of 16,000 
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tons of pre-melted slag in Sweden will cause net 
CO2-reduction of about 8,000 tons annually.

Similar analysis for energy savings due to lower 
coke and coal consumption caused by replacing hot 
metal with steel scrap gives a potential reduction of 
about 31,000 MWh annually.

Overall, implementation of the Quick Flux 
technology will lead to environmental impact from 
aluminum recycling, treatment of salt slag, and 
production of steel as summarized in the following 
table:

Environmental 
savings

GWh/year Thousand  
ton CO2/year

Al recovery 7.0 0.2

Fe recovery 2.3 1.0

Production of 
pre-melted slag

-5.8 -1.8

Transports -0.4

Savings in steel 
production

28 9

Total 31.5 8.0

Secondary and probably even more important 
effect of the increased availability of an environme-
ntally and economically affordable pre-melted slag 
is that standard steel can be replaced by significant-
ly smaller amounts of high strength steel. This is an 
important step towards a more resource-efficient 
society.

The availability of a high quality slag former to 
a competitive price is an important condition for 
the development of high quality steels. The use of 
high strength steels offers many advantages and 
enhances resource efficiency of the processes in 
which they are used by reducing the weight of 
components and, therefore, energy consumption, 
by increasing their service life and offering the pos-
sibility of using superior process parameters. This 
makes processes more economical and businesses 
more competitive.

SSAB in Luleå currently use 5 kg of pre-melted 
slag per ton of high strength steel. The potential use 
of the product in Luleå with a crude steel produc-
tion of 2.5 Mton/year is, thus, about 12,500 tons 
annually. The potential figure for Sweden in total is 
25,000 tons.

The share of high strength steel is constantly in-
creasing and is expected to be dominating in the fu-
ture. Quick Flux can be considered as a demo- case 
that develops a product specially tailored for the 
SSAB ladle metallurgy processes. It is expected that 
other steel manufacturers will need the product to 
be optimized for their individual metallurgy. This 
is a completely new approach, which can only be 
implemented in cooperation between recyclers and 
the end user of the product and that can be a useful 
example for the market of secondary resources in 
general.
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Slag 2 Cement
The Slag 2 Cement (S2C) project aims to increase 
the use of by-products and residues from the steel 
industry in cement production in order to partly 
replace limestone, marlstone and sand used tradi-
tionally. This will allow producing cement types 
with improved environmental footprints compared 
to today’s production, increasing lifetimes of pre-
sent mineral reserves, and minimizing the amount 
of residues from iron and steel production put into 
landfill.

The chemical reaction of removing carbon di-
oxide from limestone-based raw material is highly 
energy-intensive. These calcareous materials lose 
the bound carbon dioxide (CO2) to the atmo sphere 
at temperatures above 1 000˚C. Residues from 
the steel industry originated from limestone have 
already been exposed to high temperatures and 
have already undergone the calcination reaction. 
By using these residues instead of virgin limestone 
large amount of energy required for calcination can 
be saved and unnecessary emission of CO2 can be 
avoided.

Traditionally, blast furnace slag is used in 
so- called Ground Granulated Blast furnace Slag 
(GGBS). GGBS has been used in concrete projects 
as a direct additive for over 150 years. GGBS has 
required rapid cooling to be used in cement and 
has been added in large amounts, close to 100 % of 
used raw material, thus producing Blast Furnace 
Cement, a special cement grade with properties 
different from those of the most commonly used 
Ordinary Portland Cement (OPC). Efforts in S2C 
project have been focused on production of OPC 
cement of the highest quality using residues from 
steelmaking as raw material. The successful imple-
mentation of this ambitious task provides the basis 
for the production of other cement types if desired. 
Additionally, no rapid cooling of slag is required 
in the new S2C route, which leads to a substantial 
increase in volumes of suitable secondary raw ma-

terials that can be utilized in OPC production.
Depending on the limit for the content of 

“unwanted” elements other type of residues from 
steelmaking can also be used in OPC. Production 
of other type of cement for special purposes, such 
as Sulpho Aluminate Belite (SAB) or Calcium Alu-
minate Cement (CAC), can further widen the range 
of “acceptable” chemical compositions and increase 
amount of residue materials used in the cement 
production. Generally saying, more diversified 
production of different cement qualities designed 
for intended use can drastically increase usage of 
iron- and steelmaking residues for construction 
purposes making both steel production and cement 
manufacturing more sustainable.

The S2C project has successfully tested the addi-
tion of 5 % of blast furnace slag to the raw meal in 
industrial scale. Such addition results in decreased 
consumption of high quality limestone and sand in 
the cement production process. An addition of 5 % 
of blast furnace slag leads to the reduction of sand 
consumption by 30 % and limestone consumption 
by 4 %.

This, in turn, reduces excavation of lime stone 
material in Sweden by 120,000 tons per year. The 
use of natural siliceous sand decreases by 60,000 
tons annually with 5 % blast furnace slag replace-
ment.

The use of 5 % of blast furnace slag results in sig-
nificantly reduced energy consumption. Pro duction 
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of 1 ton of clinker, a semi-product for cement 
manufacture, with 5 % of blast furnace slag requires 
6 % (0.3 to 0.4 GJ) less energy than the conventio-
nal process.

These two components, decreased use of virgin 
raw materials and lower fuel consumption due to 
reduced energy consumption, contribute to the 
reduction of CO2 emissions by 9 %, which means 
40 - 50 kg CO2 per ton clinker.

Additionally, a reduction of NOX in the com-
bustion gases has been achieved compared to the 
conventional process running conditions.

While the environmental performance of the 
project is very good, the economy in the developed 
environmentally friendly process is inferior to the 
traditional one because of higher logistics costs.

Production of OPC cement in Sweden takes 
place in Slite, Degerhamn and Skövde. Due to the 
consumption of large quantities of limestone and 
marlstone in cement production the plants are 
situated close to the quarries. Iron ore based steel 
production takes place at a considerable distance 
from cement production plants, in Oxelösund and 
Luleå, which significantly increases logistics costs 
compared to traditional, even despite the possibility 
of delivery of goods by sea.

The Slag2Cement process offers savings by 
reducing greenhouse gas emission allowances costs 
and lower amounts of natural sand needed as raw 
material. These savings, however, do not balan-
ce the increase in logistics costs at the moment. 
Emission allowances costs should be much higher 
than today (30 - 50 € per ton CO2 instead of today’s 
5 - 6 € per ton CO2) in order to balance the increase 
in logistics costs and make the new process econo-
mically viable.

The project’s results make the position of Swedish 
industry stronger in the context of developing 
circular economy, where environmental issues are 
high on the agenda.



Waste 2 Design
To assist the initiative of closing material loops in 
society, the Waste 2 Design (W2D) project brings 
together experts from Stena Recycling, Semcon and 
Chalmers University of Technology to investigate 
possibilities of using currently existing industrial 
wastes for new product development.

Massive material flows identified by Stena Re-
cycling as currently not exploited are offered to de-
sign students as thesis subjects within the frame of 
a product development challenge. Project members 
from Stena, Semcon and Chalmers serve as dedica-
ted supervisors for the students during their thesis 

projects, assisting them with technical knowledge 
about recycling systems, production processes and 
general product development stages.

Materials that today remain unexploited due to 
the absence of feasible solution cause substantial 
environmental impacts during their production, 
use and latter disposal. By trying to reincorporate 
these difficult materials into production processes 
Waste 2 Design got the opportunity to highlight the 
obstacles that society will face when closing mate-
rial loops. The project aims to investigate how to 
better prepare future designers to work with secon-
dary materials, while exploring what institutional 
limitations designing with residues currently has. 
This project is a first step into developing strategies 
and methods for helping designers use secondary 
material in new product development.

The project contributed to the understanding of 
differences between designing from secondary ma-
terials and from virgin ones and pointed out a few 
key issues that are important for success. Usually, 
design starts from specifying product requirements 
to be fulfilled or defining user(s) to be satisfied. In 
case of designing from secondary resources, the 
process takes off from a material fraction out of 
which a wide array of products could be develo-
ped. The understanding of the material properties, 
applicable processes and possible safe and effective 
uses become the cornerstone in this case. Another 
key issue stressed in the project is the ability of the 
designer to assess the real market demand for the 
final product.

The potential effects of the studies are great, 
although difficult to quantify.  Product design is a 
unique point of leverage from which environmental 
problems can be addressed. Finding the way to use 
discarded materials instead of virgin ones in pro-
duct development would greatly increase resource 
efficiency and help to close currently open material 
loops.
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PhosRec
Phosphorus has a number of indispensable bio-
chemical roles, but it does not have a rapid global 
cycle similar to the circulations of carbon or nitro-
gen. ”Virgin” source of phosphorus is phosphate 
rock, a non-renewable resource that is distributed 
on the planet unevenly3 and that quickly becomes 
scarce. It is estimated that the demand for phos-
phorus may exceed supply already in 20354.

At the same time, most of the phosphorus used 
in society becomes spread into the environment 
and lost for reuse. In some areas this causes eutro-
phication and oxygen deficiency in natural waters. 
The society is facing both a diminishing supply 
of virgin phosphate minerals and environmental 
damage caused by discharges of phosphorus into 
the water.  

In today’s high and ever increasing urbani-
zation wastewater and municipal sewage water 
in parti cular is the largest phosphorus-rich flow 
that is to become an effective secondary source 
of phos phorus in the circular economy model. 
The PhosRec project gives valuable insights in 
the chemistry of phosphorus in wastewaters and 
in different ways to recover it to useful products. 
Highly alkaline wastewater from AkzoNobel is used 
as the PhosRec model case. A few-step method for 
converting phosphorus from this wastewater into 
magnesium-ammonium-phosphate product, also 
called struvite, has been developed in the project. 
Life Cycle Assessment of the developed process has 
confirmed that recovery of phosphorus from the 
wastewater results in significantly decreased emis-
sions of substances contributing to eutrophication 
as well as in reduced depletion of element resour-
ces since less phosphorus will be extracted from 
nature. At the same time emissions of greenhouse 
gases increase since the recovery process requires 
significant amounts of magnesium chloride, the 
production of which causes formation of carbon 
dioxide as a side product. Additionally, natural gas 

is used by AkzoNobel at the moment to generate 
energy needed for phosphorus recovery. Further 
process improvements and use of renewable energy 
are needed to reduce the emission and improve 
environmental balance of the process.

3 Two thirds of the world’s resources are in China, Morocco, 
and Western Sahara.
4 Cordell, Dana; Drangert, Jan-Olof; White, Stuart (2009). 
”The story of phosphorus: Global food security and food for 
thought”. Global Environmental Change 19 (2): 292–305. 
ISSN 0959-3780
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Green Plastics
The Green Plastics project has generated practical 
knowledge on many aspects of recycling of bio- 
based plastics.

In a time of increasing scarcity of fossil raw ma-
terials and of global warming the use of renewable 
raw materials is an obvious solution that offers huge 
potential for increasing sustainability, reducing 
greenhouse emissions and for preserving natural 
resources. Benefits of using renewable raw materials 
are due to exploiting the advanced work of nature 
as carbon is extracted from the atmosphere in the 
form of CO2 and is converted into energy-rich 
organic compounds through the process of photo-
synthesis. These organic compounds can then be 
used as energy sources or chemical raw materials, 
for example for the production of bioplastics.

In 2013 1.6 million metric tons of bioplastics 
were manufactured worldwide, which accounted 
for only about 0.5 % of the total plastics production. 
This share is, however, growing rapidly as these 
materials become an increasingly attractive choice 
for industry. The largest part of bioplastics manu-
factured until now was of biodegradable type, but 
it is expected for durable bioplastics to amount to 
60 % of predicted global production, by 2015.

Recycling of “conventional” fossil plastics is 
complicated due to the large variety of available 
plastic types and compositions that require diffe-
rent processing to be reformulated and re-used. 
Introduction of bioplastics to the marked further 
increases the complexity of the problem. Today, 
bioplastics are seen as contaminants to the re-
cycling system but, as plant-based plastics become 
more popular, the incentives to develop recycling 
processes for them increase. The research on the 
recycling of biopolymers is still on a primary stage 
and lacks deep studies of different factors affecting 
the perfor mance and economy of recycled bio-
plastics as well as new strategies. The development 
of a comprehen sive recycling infrastructure for du-

rable bioplastics is timely as it is necessary to create 
preconditions for successful transition to renewable 
raw materials in plastics manufacturing.   

Special attention was focused on bio-based 
engineering plastics like Polyamide (PA) which 
are similar to but not identical with their fossil 
counterparts. It has been found that bio-based 
and fossil-based PAs are not compatible and their 
mechanical properties deteriorate in blends. The 
situation is further complicated by the fact that it is 
often difficult to distinguish between different types 
of PA in products.

Study performed on biopolymers commonly 
used in the production of durable goods, such as 
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TYPES OF PLASTICS
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ILAlmost all polymers, e g:
 Polyethylene*
 Polypropylene*
 PVC*
 Polystyrene

 Polyethylene* 
 Polypropylene* 
(both with additives)

Polyesters, e g:
 PCL
 PBAT
 PBS

Cellulose or sugar 
based:
 Polyethylene*
 Polypropylene*
 PVC*
Castor oil based:
 Polyurethane
 Polyamide (PA)

 Starch 
 Cellophane
 Polylactic acid (PLA)
 PHA

* Materials with the same name are identical and can be recycled together.

DURABLE BIODEGRADABLE



Polylactic acid (PLA) and its blends and composi-
tes has given more positive results. The project has 
shown that PLA and its blends can be reprocessed 
several times, provided that the process parame-
ters are right. Recycling of post-consumer PLA 
mate rials is, however, hampered due to materials 
degradation. Blends of PLA with fossil-based 
polymers like Polyethylene (PE) or Polycarbonate 
(PC) exhibit enhanced durability and mechanical 
properties, while maintaining a high content of 
carbon of plant origin.

Performed Life Cycle Assessment of the environ-
mental performance of different plastics has con-
firmed that durable recyclable bio-based plastics 
are the most resource-efficient and environment- 
friendly option among all plastic types. Reduction 
of environmental impact throughout the lifecycle 
can mainly be achieved by (i) prolonged service life 
of the product, (ii) recyclability and use of secon-
dary material sources, and (iii) use of bio-based 
materials instead of fossil ones.

Knowledge gained in the course of the project 
provides Swedish industry with reliable data on 
dura bility and recyclability of green plastics. This 
will help to confront apprehensions delaying the 
use of bioplastics at the moment.
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 Realize
The Realize project aims at finding strategies for 
more resource-efficient recycling of vehicles. More 
specifically, the goal is to increase the value of the 
recycled material in both environmental and eco-
nomic terms.

Efficient recycling and reuse is the key to mini-
mizing losses of material values in the vehicle 
chain. This is particularly relevant for securing 
availability of scarce and critical materials, but also 
for avoiding downgrading of recycled materials and 
for reducing residual flows. The potential large scale 
shift to electric vehicles over the next couple of de-
cades adds the problem of not losing materials that 
currently are of low value but that may rise in value 
as the transition proceeds. In practice, not only is 
the development of new technological processes 
and practices for recycling necessary, but also that 
their use in the industry is made possible through 
innovation in business models and intelligent poli-
cy. Activities in Realize include therefore research 
on all these aspects: (i) extended dismantling for 
material recycling and its impact on the ELV (End 
of Life Vehicles) recycling chain, (ii) optimization 
of car shredding, (iii) recycling of scarce and critical 
metals in cars, (iv) non-technical barriers and pos-
sibilities for advancing Swedish ELV recycling.

While vehicle dismantling currently is focused 
on de-polluting and removing spare parts, Realize 
has initiated dismantling for material recycling. The 
dismantling trials of over 200 cars allowed accumu-
lating knowledge, which has been used in large- 
scale industrial tests and also led to investments. 
Tested dismantling procedures can potentially save 
150-250 kg of carbon dioxide equivalents per car 
if implemented. This corresponds to driving 1,500 
km with an average new car in 2014. Additional 
labor required for such an extended car disassem-
bly, however, causes serious negative impact on the 
economic feasibility of new methods. 

Research on the shredding process has genera-

ted knowledge with benefit for the whole recycling 
chain from an environmental point of view, such 
as reducing energy demand in the processes. 
Im proved material yields in shredding processes 
increase resource-efficiency and contribute to a 
secure supply of materials.

With few exceptions, scarce and critical metals 
in vehicles are not functionally recycled today and 
are thus lost for future use. For many of the scarce 
and critical metals present in vehicles, recycling is 
not possible due to missing infrastructure. A short-
term strategy to functionally recycle some of these 
metals could be to dismantle automotive electric 
and electronic equipment for recycling in the 
existing WEEE recycling systems. Unfortunately, 
currently existing policy does not offer incentives 
for such activities.

Information on quantity of scarce and critical 
metals in discarded vehicles and their fate in the 
current recycling system is a necessary know ledge 
for industry and policy-related investments in 
recycling. Project results related to this issue were 
reported to a government study within the Sweden’s 
minerals strategy and will also be included in the 
European database of secondary raw materials 
currently under development.

Barriers and opportunities to move to circular 
business models were investigated in a case study 
involving automotive industry and suppliers. The 
hypothetical case of selling transport services 
instead of selling a vehicle has shown that material 
savings of 20 % can potentially be achieved through 
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the adoption of the new business model and that 
companies already have experience and capability 
in many aspects important for the implementation 
of product service system and circular business 
models. 

The development of recycling is affected not only 
by technical and industrial solutions, but also by 
actors’ relations and business models, knowledge 
generation, existing regulations and practices and 
the functioning of markets for recycled materials. 
A fundamental challenge that has been observed 

in scientific publications over the past 30 years is 
the necessity to improve economic conditions for 
recycling. Promoting markets for recycled mate-
rials using political measures has commonly been 
suggested as a solution. The project also pointed 
out that coordination between actors along the 
value chain can play major role in enabling circular 
material flows. Projects such as Realize, involving 
actors through out the recycling chain can, in this 
sense, contribute to increased communication and 
coordination between actors.  



MEMIMAN
Each year, manufacturing companies generate and 
dispose billions tons of non-hazardous  industrial 
solid waste. In light of rising raw material and 
disposal costs, existing and pending regulatory 
pres sures and changing consumer preferences, 
 companies in the manufacturing and industrial 
sector are seeking ways to minimize their waste 
streams and maximize their cost savings. Waste 
mini mization strategies present companies with 
a true sustainability advantage in the form of eco-

nomic, environmental and social benefits.
However, obstacles remain for companies 

seeking to minimize their waste streams – manu-
facturers’ supply chains are usually complex and 
often lacking in transparency; in difficult economic 
times, it can be a challenge to secure the necessa-
ry resources to redesign products and processes 
with the aim of minimizing wastes; difficulties in 
locating or securing alternative raw materials for 
the manufacturing process can hinder efforts to 
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reduce the toxicity of process wastes; and finally, 
inertia and the status quo can foil efforts at waste 
minimization. Due to all these reasons and a lack 
of systematic approach that focuses attention on 
resources throughout the value chain, manufactu-
rers tend to think narrowly about what is actually 
a broad landscape of opportunity, which results in 
deficient systematic solutions.

The MEMIMAN project examines possibilities 
to modify current waste management practices 
in order to reach improved materials recycling in 
manufacturing industry. The project employs a 
few different approaches: (i) assessment of trends 
and current structure of incentives and regulations 
in waste management, (ii) analysis of existing 
obstacles against increased material recycling, 
(iii) assessment of possible modifications to be 
done for the development of more efficient waste 
management and optimization of material flows 
in the industry, and (iv) evaluation of the environ-
mental impact of currently existing practices and 
the impact of potential improvements. Through its 
multidisciplinary approach the MEMIMAN project 
helps to analyze patterns in multiple-stakeholder 
waste flows.

According to the results of MEMIMAN sampling 
analysis successful waste separation can more than 
double the purity of material fractions. As the ana-
lysis has shown, only 43 % of the content of “com-
bustible” bins constitute of the materials that should 
be sorted as combustible and household waste 
according to standards. This means that 57 % of 
the waste in “combustible” bins could have been re-
cycled if they had been sorted correctly. This makes 
about 1 500 tons (57 % of the total amount of 2,700 
tons of combustible waste) for four tested plants, 
which corresponds 2 to 3 MSEK potential savings. 
On a national scale “steel and metal manufacturers” 
and “metal goods manufacturers” produce 65,600 
tons of “mixed and non-differentiated materials” 

annually. Assuming the results of the MEMIMAN 
analysis are applicable on national scale, there is 
a potential to recycle an additional 37,000 tons of 
materials that currently are incinerated. Obviously, 
these numbers are indicative and further studies 
are needed to verify potential environmental and 
economic savings.

Main general observations made in the pro-
ject are that (i) high potential of environmental 
and economic savings lies in reducing generation 
of waste and increasing sorting of plastics and 
biodegradable materials, (ii) insufficient know-
ledge of potential gains from the correct sorting 
often hinders development despite existence of 
right infrastructure for sorting, (iii) plastics should 
not only be sorted out from the combustible 
fraction but also collected separately as paper, for 
example. This greatly increases the probability of 
their correct further processing. For this, not only 
behavioral but also today’s economic barriers, such 
as lack of incentives to balance the costs of separate 
collection and logistics, as well as weak demand for 
small volumes should be overcome.
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Unfortunately, at present market discourages 
production of secondary raw materials and their 
uptake by Europe’s industry. Lack of measures for 
creating demand for recycled streams in the EU 
causes severe market conditions with acute price 
volatility and intense competition from lower- 
priced virgin materials. 

The market of secondary raw materials is cur-
rently very dependent on the prices for virgin ma-
terials, as secondary raw materials directly compete 
with the lower-priced virgin ones for the demand. 
Given the fact that the prices of virgin and secon-
dary raw materials are formed under the influence 
of different sets of factors, such dependence puts 
the entire value chain for some secondary materials 
at risk. In such a way, current drop in oil prices has 
lowered the price of virgin plastics to below that 
for recovered ones. Similarly, for metals a market 
surplus of virgin material combined with weake-
ning demand from China has also depressed prices, 
making secondary metals uncompetitive 5. Clear 
economic reflection of the environmental costs of 
production of primary resources should perhaps 

be seen as a key factor in increasing demand and 
creating the conditions for price stability 6. 

Moreover, in today’s market conditions Europe 
is dependent on the export market to place the 
secondary materials it produces. Even at current 
recycling levels the EU exports about 25 % of the 
secondary raw materials it generates 7. To improve 
the resource efficiency of the European industry 
and to ensure the availability of raw materials in the 
future it is essential for Europe to create domestic 
demand for secondary materials and close own 
material cycles, even though international trade 
should be retained at least as a safety valve. The 
importance of creating an integrated internal mar-
ket through rationalizing the existing regulatory 
framework has been highlighted in the Commu-
nication from the Commission “A vision for the 
internal market for industrial products” 8.

According to the European Federation of Waste 
Management and Environmental Services (FEAD) 
EU’s re-industrialization strategy 9 should be seen 
as an opportunity to boost markets for secondary 
raw materials within the EU. Importance of taking 

Policies as enablers  
and inhibitors

Creation of closed loops, and progress towards a circular economy can only be achieved if reliable 
and predictable off-take markets are available for secondary raw materials. Any weakness in these 
markets affects the entire supply chain down to the collection of secondary resources and hinders 

the development of viable business models for the manufacturing of secondary raw materials.

P R O G R A M  L E A R N I N G S

5 ”Commodity Markets Outlook” World Bank, April 2015 
6 FEAD – Opinion Piece – A circular economy needs resilient 
markets for secondary raw materials – June 2015 
7 EUROSTAT 2015        
8 Communication from the Commission to the European 
Parliament, the Council and the European Economic and 

Social Committee “A vision for the internal market for 
industrial products”, COM(2014) 25 /2 
9 Communication from the Commission to the European 
Parliament, the Council, the European Economic and Social 
Committee and the Committee of the Regions “For a European 
Industrial Renaissance” COM/2014/014
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effective political measures for increasing the circu-
lation of secondary raw materials is emphasized 
in the FEAD Opinion Piece from June 2015 6. In 
particular, including measures for material resource 
efficiency to the Eco-design Directive, implemen-
ting lower rate of VAT on second-hand goods 
and products with recycled content, enforcing 
incentives for manufacturers for designing their 
products in a recyclable and non-hazardous way, 
and amending Eco-labeling rules to make it easier 
for consumers to choose recycled and resource 
efficient products are named as potentially credible 
and effective measures for building strong markets 

for secondary raw materials across Europe.
Almost all the projects involved in the Closing 

the Loop program encountered the great impact 
from regulations that in many cases constitute 
barriers to new technologies or more resource- 
efficient practices.

In such a way the process developed by Slag 2 
Cement offering significant reductions of green-
house emission and savings in natural resources 
cannot compete economically with environ men-
tally costly traditional cement production since 
the environmental costs of the traditional process 
are weakly reflected in the price of virgin product. 

GROWING A SUSTAINABLE SOCIETY.
The seven projects included in Mistra Closing 
the Loop are focused on various aspects of 
industrial waste problems trying to contribute 
to the construction of a joint working system.

P R O G R A M  L E A R N I N G S
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In particular, emission allowances costs should 
be much higher than today in order to make the 
environ men tally beneficial process also econo-
mically viable. Another example is the legislation 
require ment (2000/76/EG) which includes man-
ganese in the list of elements, the concentration of 
which must be strictly limited as dangerous. This 
confines possibility of the replacement of limestone 
by slag, since manganese content in the blast fur-
nace slag is higher than in limestone. The reason for 
the inclusion of manganese in this list is not clear, 
as the presence of manganese in the cement is not 
dangerous for the properties of the cement or for 
the environment.

The Green Plastics project notes that the legi-
slations related to green plastics are lacking clear 
definitions, recycling standards and requirements 
as well as system and methods for traceability. Such 
terms as bioplastics and biodegradability are often 
misused, which makes it difficult to develop effec-
tive legislation and stimulate sustainable develop-
ment of the branch as a whole. Even though strate-
gic documents issued by the Commission promote 
the use of bio-based products and consumers are 
showing interest in the use of renewable resources, 
effective legislative mechanisms related to produc-
tion and use of green plastics are needed to ensure 
a conscious movement towards sustainability and 
resource efficiency.

Realize points out that government efforts and 
structures related to the provision of material 
resources still do not receive same attention as for 
example the energy sector. While the development 
of the energy sector is controlled and operated by 
a government agency and the minister, correspon-
ding functions related to supply of materials are 
scattered with significantly less resources allocated. 
The level of public funding for research, develop-
ment and education also differs significantly 
between the two fields. This can lead to lack of 
capacity required to induce profound social change 
and movement toward a sustainable and circular 
economy in the near future.

Recycling policy for End of Life Vehicles (ELV) 
seems to be rather poorly designed and insufficient-
ly funded. Mass-based recycling targets (such as 
in the ELV Directive) induce side effects that may 

P R O G R A M  L E A R N I N G S
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(i) limit the ability of the recycling system to retain 
small diffuse amounts of critical materials, and (ii) 
lock the system into certain technology set-ups that 
will not be suitable, and will impede the recycling 
of future vehicle materials. 

Over time, the entire automotive recycling value 
chain has been optimized to reach the mass- based 
recycling targets. Changing the set-up of the re-
cycling chain involves adopting new technologies 
and practices for dismantling, shredding and post 
shredder treatment (PST). Shredding and PST often 
require large investments, which few actors want to 
– or can –take. Extended dismantling, in turn, in-
creases labor costs, which are borne by dismantlers. 
Potential economic cost and benefits from such 
changed operations will not be distributed evenly 
over the recycling chain. This justifies political 
measures such as introduction of external compen-
sation to dismantlers.

Information provided by the vehicle manufactu-
rers for dismantling in accordance with the ELV 
Directive is also designed to achieve mass-based re-
cycling targets set out in the Directive. Very limited 
data on the recovery of rare and critical metals is 
included. There is a clear need for restructuring and 
detailed elaboration of requirements for informa-
tion to be communicated.

The quality of vehicle dismantling and its com-
pliance with legal requirements still vary consider-
ably between the actors, as pointed out by the 
Swedish Environmental Protection Agency several 
years ago. Improved and enhanced supervision and 
the introduction of certification requirement for 
dismantlers are among the possible policy measures 
that can help to reduce unfair competition in the 
industry.

Current procedure for calculating the recycling 
rate for cars and reporting to the ELV Directive 
is not transparent. Lack of transparency makes it 
difficult to assess the effects of the extended dis-
mantling and in general affects the methodology of 
research in this field.

According to MEMIMAN a system of policies, 
established end-of-waste criteria and standards that 
offer clear incentives for collection and recycling 
of scrap with high level of environmental consi-
deration is set up only for metals. For many other 

materials, e.g. plastics, no such system exists and 
incentives remain low, despite the high environ-
mental burden of their production. This leads to 
an inefficient collection and poor sorting of these 
materials, which in turn often makes further pro-
cessing and production of marketable secondary 
materials impossible.

The need for regulation to ensure the effective 
circulation of phosphorus in the production system 
is an actively discussed topic. In 2014, phosphorus 
was added to the EU list of so-called ”critical raw 
materials”, i.e. commodities of strategic importance, 
whose shortage can have severe consequences for 
the economy and/or political stability. The EU is 
dependent on imports of phosphate for production 
of fertilizers to 90 %, while 7 countries outside the 
EU control 85 % of world reserves of phosphates10. 
Sweden, in turn, imports 100 % phosphates. Thus, 
the recovery of phosphorus from various waste 
flows is not just a necessity to ensure the produc-
tion of food for a growing population in the future, 
but also a question of political security.

The Circular Economy Package adopted by the 
Commission in July 201411 once again highlighted 
the need to recirculate phosphorus between city 
and countryside. Current policies and legislation 
affecting recovery of phosphorus are, however, 
still insufficient if the goal is the greatest re source 
conservation. Sweden has only two legislative 
documents in the area, a Decree of 1994 which 
primarily regulates the amount of sludge that may 
be spread on arable land, as well as a Statutory of 
1998 which regulates the maximum concentration 
of metals in the sludge to be used in agriculture. 
The situation at the EU level is similar and  requires 
a comprehensive approach. The question of 
phosphorus conservation should probably get the 
same status as, for example, Climate Change. There 
should be a strategy and targets for the functio-
ning of the phosphorus cycle both in Sweden and 
the EU. This would provide political support for 
technological development that would ensure safe 
supply of phosphorus to agricultural land.

10 The world phosphates market: What risk for the European 
Union? INRA, LERECO, 2014 
11 COM (2014) 398 final
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in practice and who should be involved in order 
to obtain complete and useful information in 
the data base. Manufacturing companies whose 
business generates these secondary material flows 
as by- products should probably be seen as key 
stake holders and potential users of the database. 
These companies are certainly interested in the 
transformation of these “waste” flows into a profi-
table commodity, and therefore, in disseminating 
information about them. They would also appre-
ciate an opportunity to find alternative raw mate-
rials for their own processes through the database. 
The problem is that their interest in the database 
is unorganized, they are too busy taking care of 
their core businesses, and their efforts, thus, remain 
scattered. But this very group of actors, apparently, 
can and should drive this database and populate it 
with information, provided that these activities are 
structured and sufficient economic incentives for 
these companies to prioritize activities related to 
secondary flows are created.

The fundamental knowledge of materials is of 
high importance for all research around recycling. 
Lack of materials knowledge can result in inability 
to identify recycling possibilities and choose the 
risk-free and most resource-efficient solutions. This 
statement may seem obvious, but it is the lack of 
materials knowledge that often is a stumbling block 
for the effective use of secondary resources. This is 

Through collaboration between the projects and 
communication within the program a number of 
aspects essential for building a system solution and 
well-functioning market for secondary raw mate-
rials was stressed once again.

First of all, to create a market, it is important to 
know what is available. That is why a systematic 
description of the waste flows is of great impor-
tance. Currently existing waste statistics databases 
contain only description of the origin and form 
of waste streams. This information is insufficient 
for finding a new use for these resources and 
supporting the secondary raw materials market. 
More information is needed on the characteristics 
to create an understanding of the possible and the 
optimized use. Streams should also be evaluated 
in terms of sustainability of their origin, collection 
and sorting, that is, do they originate from and 
through sustainable processes, do these processes 
lead to the formation of toxic or unsustainable pro-
ducts, etc. This analysis could be helpful for sorting 
out flows that no closing-the-loop efforts should 
be concentrated on because they are not a part of a 
sustainable system.

The need for such material flows database has 
regularly been discussed for some time now, but 
the idea still remains unrealized. To go further, it 
is necessary to answer how the development and 
maintenance of the database should be organized 

Secondary  
raw materials market

Efficient market of secondary raw materials should be adapted to the general market conditions 
of trade and industry. Today’s uncertainty associated with potentially unstable supply and quality 
of secondary raw materials as well as the demand for them should be eliminated and secondary 

raw materials should become available in a safe stable quality and quantity.  
But what is needed to make this a reality?
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between other projects also often 
focused on the exchange of mate-

rials knowledge.
With knowledge on available 

resources and coupled fundamental 
materials knowledge on hand, technical 

solutions for resource-efficient recycling 
can be developed. To ensure that we pursue 

sustainable development these technical 
solutions should be analyzed from an LCA 

perspective and in terms of their prospects 
for the circular metabolism of materials and 

materials conservation in the production cycle. 
Preservation of non-renewable resources in the 
cycle should have a high priority because it serves 
many important purposes of securing access to 
raw materials, supporting resource efficiency of the 
industry and reducing the negative impact on the 
environment12. 

This means that the development of technolo-
gies returning end-of-life products to the state of 
raw materials, so-called feedstock recycling, is an 
issue of extreme importance as these technologies 
close the loops. At the same time, to reach greater 
resource-efficiency materials and products should 
be reused and recycled as many times as possible 
before they are returned to the state of raw mate-
rial. Each new use is advantageous, even if it is less 
demanding than the previous one, as long as the 
possibility of feedstock recycling is maintained. 
Another interesting criterion for assessing the sus-
tainability of the processes is their dependence on 
virgin raw materials. How environmentally friendly 
are processes in which secondary raw materials can 
only be used in a mixture with virgin ones? Should 
these processes be developed as a first step towards 
decoupling economic growth from resource use 
and environmental impacts, or they lead to the 
construction of unsustainable system?

Technology is the decisive factor for develop-
ment in the long run but its importance is often 
overestimated in the short term. Thoroughly 
selected technological solutions give answer to 

because we are dealing with complex value chain 
with multiple players, in which a participant who 
needs certain information not only has trouble fin-
ding it, but often does not even recognize the need. 
Common practical example of a situation where 
information about the material is lost is, probably, 
”performance procurement” when subcontractors 
deliver a function without adequate documentation 
and traceability of the material. 

Most clearly the problem was manifested in 
the Waste 2 Design project where the designers 
who participated in the projects of the first year 
faced the inability to work without the support of 
specialists in materials science, but the interaction 

SUSTAINABLE TECHNICAL SOLUTIONS

DESCRIPTION OF WASTE FL OWS

KNOWLEDGE OF MATERIALS

QUALITY ASSURANCESUSTAINABILITY MONITORING”GREEN” DESIGN FOR WASTE PREVENTIO
N

LIFE CYCLE ANALYSIS

”MARKET PULL” APPROACH

NEW POLICIES AND LEGISLATION



12 Preservation of natural resources is one of priority objectives 
of the 7th Environment Action Programme established within 
the framework of a long-term vision of 2050.

TOWARDS  
A CIRCULAR  

ECONOMY.
Mistra Closing the 

Loop stresses nine 
aspects essential for 

developing a market for 
secondary raw materials.
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the question what needs to be done to reach the 
goals. However, describing what needs to be done 
to change the system without answering questions 
who and how should implement the changes create 
a gap impeding market uptake of an innovation.

Therefore, so-called ”market pull” approach 
has to be used for enabling transition towards a 
more sustainable society and helping to overcome 
persistent problems in society. This means that the 
development of recycling market has to be evalu-
ated in terms of the structures and processes that 
support or hamper it. Analytical instruments like 
Technology Innovation System Analysis are to be 
used to answer such important questions as (i) 
who is the customer for new products, (ii) does the 
transition require changes in policy and legislation 
and how these changes can affect the market, (iii) 
what business models can show reasonable Return 
on Investment level, (iv) what market shares old 
and new businesses can gain, etc. In such a way the 
developed innovations can be translated into policy 
suggestions offering guidance to policy makers 
and helping to ensure that new policies will create 
customer demand for the developed innovative 
solutions and thus a “market pull” for innovations. 
According to a study mandated by the European 
Commission, well-designed market pull instru-
ments not only promote innovation and contribute 
to the sustainable development of the market, but 
also lead to greater innovation and to diffusion of 
eco-innovation into related product groups, and to 
other geographical markets13.

Another key issue for supporting the market 
and the economy of new products and processes is 
quality assurance. Currently, there is no way to get 
better paid for any type of scrap because there is 
no way to demonstrate its “better” quality or 
its  stable compliance with the requirements. 
Withal, it is impossible to achieve good 
financial results if quality assurance mecha-

nisms are absent, i.e. there is no way to predict with 
certainty the quality of the mate rial, which means 
that each material batch must be tested.

That is why a clear methodology for quality 
assurance is needed to provide a necessary in-
strument for communication between different 
actors along the value chain. Furthermore, as it has 
recently been noted at the Stakeholder Conference 
on Circular Economy, harmonized material quality 
standards are needed for secondary raw materials 
to increase their use14. The development of such 
standards and the methodology is directly linked to 
another aspect of improving resource efficiency, na-
mely to preventing the use of resources of a higher 
quality than required for a particular application, 
that is, using ”the right” quality, not ”better” ones. 
Presently, the market operates only with standards 
on virgin materials. These materials usually have 
high purity and quality that becomes the norm for 
the market. This forces the secondary materials 
suppliers to strive to meet these standards, which 
often requires high costs and hampers the pro-
gress of secondary resources in the market. At the 
same time there are many applications that do not 
require such a high purity/quality as that of virgin 
materials, and secondary materials could very well 
do the job there if ”right” and uniform quality at 
a flow can be offered. The use of “better” mate-
rials in such applications is nothing but a waste of 
resources which should have no place in a sustain-
able society. None of our grandmothers wiped the 
floor with new textiles but used old clothes for this 
instead. This was a way to take care of a rational 

use of resources, something that we 
should learn again.

13 European Commission, Directorate General 
Environment “The Potential of Market Pull 
Instruments for Promoting Innovation in 
Environmental Characteristics”, Final Report, 2009 
14  CLOSING THE LOOP - Circular Economy: boosting 
business, reducing waste, Stakeholder Conference, 
25 June 2015, Brussels 
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The importance of quality assurance mechanisms 
was demonstrated in many projects participated in 
the program. In such a manner, has Waste 2 Design 
observed that the development of new products 
from a waste material can only be possible if the 
composition and properties of this material are 
 stable and reliable information on them has been 
made available. For the Quick Flux project a poten-
tial obstacle for gaining broad acceptance for their 
pre-melted synthetic slag-former is a traditional 
prejudice against the use of recycled materials for 
the production of high quality steel products. Com-
mon concerns that instability in the composition 
or impurities can affect the quality of the steel and 
the possibility to manufacture new products from 
the slag create obstacles for the QuickFlux product. 
According to The Swedish Steel Producers’ Asso cia-
tion (Jernkontoret) it is imperative to guarantee a 
stable and chemically acceptable composition of the 
product. Transparent quality assurance methods 
that are acceptable to all stakeholders in the value 
chain are essential to eliminate the pre judices 
and concern that hinder the growth of high value 
recycling market.

The market of secondary raw materials cannot 
be based on a static solution, but should be a living 
system with embedded mechanisms for conti-
nuous improvement. The market should have the 
ability to respond to changes in demand due to 
changes in society, to the evolution of the com-
position of waste and material flows, induced by 
changes in consumer behavior, etc.

Thus, monitoring progress using reliable sus-
tain abi lity and resource efficiency indicators is 
necessary. Indicators perform many functions. 
They can help to measure and calibrate progress 
towards sustainable development goals. They can 
provide an early warning to prevent economic, 
social and environmental setbacks. They can lead 
to better decisions and more effective actions by 
simplifying, clarifying and making aggregated 
information avail able to policy makers. In other 
words: “What gets measured gets managed”. Good 
indicators alerts to a problem before it gets too bad 
and help to recognize what needs to be done to fix 
the problem.

A number of such indicators has been identi-

fied and assessed in terms of their effectiveness in 
tracking the progress of the EU in relation to the 
objectives of the Flagship Initiative for a Resource 
Efficient Europe15. These indicators can be used 
to measure resource productivity, environmental 
impact of the use of specific resources, and pro-
gress in reducing the ecological stress of resource 
use16. Sustainability indicators in turn point to areas 
where the links between the economy, environment 
and society are weak and help find a solution to the 
problem. When monitoring results are fed into the 
next development cycle the process of continuous 
improvement begins.

This monitoring will also provide feedback to 
the designers of industrial processes and product 
designers, which will contribute to the promotion 
of “green” design for waste prevention and better 
materials management. ”Green” design meaning a 
design process, wherein the environmental attri-
butes are regarded as design objectives and design 
possibilities, and not as constraints. A key point 
is that green design includes environmental goals 
with minimum loss of product performance, useful 
life, or functionality. Green design serves the pur-
pose of waste prevention reducing the use of toxic 
materials, increasing energy efficiency, using less 
material to perform the same function, or desig-
ning products so that they have a longer service life. 
Green design promotes better materials manage-
ment making products that can be reused and/or 
effectively recycled. The need for innovation and 
design for recyclability of materials and products 
was newly expressed as one of the key messages at 
the Stakeholder Conference on Circular Economy 
in Brussels14.

The system, which includes all of the elements 
that interact with each other, will help us to deve-
lop, select and apply resource-efficient solutions 
and maintain resource efficiency at the highest 
level.

15 European Commission (2011) A resource-efficient Europe – 
Flagship initiative under the Europe 2020 Strategy. COM(2011) 
21 final. January 26, 2011 
16 BIO Intelligence Service, Institute for Social Ecology and  
Sustainable Europe Research Institute, “Assessment of 
resource efficiency indicators and targets”. Final report pre-
pared for the European Commission, DG Environment, 2012
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Jordens resurser klarar inte längre av den 
slösaktiga ekonomiska modell som varit för-
härskande sedan början av industrialisering-
en. Det behövs nya arbetssätt som gör det 
möjligt att återställa och återskapa naturens 
tillgångar. 

Forskningsprogrammet Mistra Closing the 
Loop bidrar till utvecklingen av en ny eko-
nomisk modell genom att finna vägar bort 
från industrins engångsbruksmentalitet och 
behov av att bryta allt mer resurser.

Programmet visar att marknaden ofta 
hindrar användningen av sekundära råvaror. 
De miljömässiga kostnaderna för produktion 
av primära resurser tas inte med när priserna 
sätts. Detta tillsammans med bristen på åt-
gärder för att skapa efterfrågan på återvunnet 
material ger hård konkurrens från billigare 
jungfruliga råvaror. Att låta miljökostna-
derna påverka priset på jungfruligt material 

kan vara en nyckelfaktor för att skapa pris-
stabilitet och ökad efterfrågan på sekundära 
resurser.

Vikten av effektiva politiska åtgärder för 
att öka spridningen av sekundära råvaror 
har uppmärksammats av både industrin och 
Euro pas regeringar. Denna rapport ger exem-
pel på de deltagande projektens och forskar-
nas insikter om hur politiska åtgärder skulle 
kunna underlätta spridningen av ny teknik 
och mer resurseffektiva metoder.

En fungerande marknad för sekundära 
råvaror kräver att dagens osäkerhet när det 
gäller tillgång och kvalitet undanröjs. Viktiga 
aspekter som krävs för att bygga denna 
marknad, utifrån erfarenheter från projek-
ten, diskuteras i rapporten. Den innehåller 
också korta beskrivningar och slutsatser från 
de projekt som ingår i programmet Mistra 
Closing the Loop.

Från avfall till resurs
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