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Foreword
Having a future perspective is extremely important
when companies begin to analyse how to develop
their business. They need to focus on optimising
their customer offerings, becoming better than the
competition and improving the profitability of their
company. Many companies are very well aware that
the intensified focus on resource efficiency is going
to reshape their business – and they are innovating
to keep up with the trend. But what will their next
step be? How can they steer their business in an even
more resource efficient direction?
To know where you are going, you first need to
know where you are. The private sector in Sweden
lacks any comprehensive analysis and documentation
of the production-critical material flows and therefore does not have the information it needs to understand how to make these flows more efficient. Many
of the companies participating in Resource Efficient
Business Models – Greater Competitiveness have
confirmed this.
In this report the Royal Academy of Engineering
Sciences (IVA) describes one of the first extensive
assessments of the biomass, concrete, steel, textile and
food flows. In this report, the project work groups
present a number of leaks and unexploited opportunities in the raw material flows, as well as unrealised
value where resources are not being used to their full
potential. Challenges and opportunities for future
resource-efficient enterprise have been identified
through ongoing dialogue, through the efforts of the
work groups and in workshops during the course of
the project.
The project period for Resource Efficient Business
Models – Greater Competitiveness is 2014–2016 and
the project has two main focus areas:
• Inspire the private sector to focus on commercial
opportunities and business models for strong
resource efficiency improvement.
• Identify the need for policy changes and incentives
for a profitable transition to new, resourceefficient business models, and create platforms for
continued dialogue between the private sector and
the Government.
The project’s vision is that by 2050 Sweden will
be the leading nation in promoting a clean and

resource-efficient society with the best possible climate in which enterprise and industry can develop and
export resource efficiency solutions and contribute to
Sweden’s competitiveness.
The bulk of the project work is being done by
the numerous participating companies divided into
work groups to focus on the categories: input goods,
infrastructure, consumer products, capital goods
& durables, and food. The Steering Committee
with Caroline Ankarcrona of IVA serving as Project
Director and Björn Stigson, formerly with the World
Business Council for Sustainable Development, as
Senior Advisor, have prepared work guidelines and
guided the project forward.
The project has already published one report entitled Facts and Trends Towards 2050, which addresses
questions about what needs to be done to supply and
meet society’s needs, assuming that by 2050 there will
be 30 percent more people in the world and a rapidly
growing middle class. Which challenges and opportunities exist for Swedish enterprise and industry in
light of this? The project’s third and concluding part
will involve a discussion about the obstacles identified by business and industry in efforts to improve
resource efficiency and which policies needs must be
addressed.
Anders Narvinger
Chairman of the Steering Committee
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Summary
Sweden needs a vision and a strategy for resource
efficiency and innovation in order to achieve growth,
increased profitability, a high employment rate and
an inclusive society. This will enable Sweden to be
competitive and to remain at the forefront of development.
The product period for IVA’s Resource Efficient
Business Models – Greater Competitiveness project is
from spring 2014 to spring 2016. Close to 50 companies are taking an active part in the project. They
are divided by industry into five sectors: Input Goods,
Infrastructure, Capital Goods & Durables, Consumer
Products and Food.
The project is using the EU’s definition of resource
efficiency: using the Earth’s limited resources in a
sustainable manner (metals, minerals, timber etc.).
As the EU Environment Directorate-General writes:
“Increasing resource efficiency is key to securing
growth and jobs for Europe. It brings major economic
opportunities, drives down costs and boosts competitiveness. For that, we need to find new ways in all
steps of the value chain: to improve management of
resource stocks, reduce inputs, optimise production
processes, management and business methods, improve logistics, change consumption patterns, and
minimise waste.”1
Project phases
In the first phase of the project a report was produced
entitled Facts and Trends Towards 2050 in which
different aspects of the sectors were presented:
• Growth, development and demand for resources
• Resource use and impact
• Dynamic business models and technical
development
• Future resource use.
This report is the second large delivery from the project, and it builds on the analysis of future scenarios
that was started in the first phase of the project by
identifying and describing flows, commercial opportunities and business models.
The third and concluding phase will explore which
control mechanisms and policies are desirable to
drive industry and society towards better resource
efficiency.

Pathways to 2050
– flows and commercial opportunities
In order for businesses and other players to change
their business models to incorporate greater resource
efficiency, they need access to sound and reliable statistics on material inflows and outflows. The project
has determined that such data is insufficient today,
and that this is a serious problem and major obstacle
to practical efforts to improve resource efficiency.
The project’s work groups have therefore analysed
five distinct and important material flows presented
in this report: biomass from wood, concrete, steel,
textiles and food, in what IVA believes is the first
substantial analysis of its kind in Sweden. The hope
is that the project will be able to provide an overview
and a system perspective of the flows in society. The
project has focused on the flows in Sweden to the
extent it has been possible to identify and define them,
but in the future it will be necessary to analyse the
flows in the EU and globally as well.
The analysis has involved studying statistics from
sources such as Statistics Sweden (SCB), trade associations, sectoral expert authorities such as the Swedish
Environmental Protection Agency or the National
Food Agency, international statistics- or economic
bodies, the EU, the UN and others. It has, however,
been determined that there are substantial gaps; for
example, there do not seem to be any statistics on
entire processes for certain industries, or the statistical data is, in some cases, based on estimations
rather than actual numbers. In dialogue with trade
associations and others, the project has drawn attention to these shortcomings and the associations have
expressed a desire to develop better statistical data
for their respective sectors (e.g. in the case of wood
products).
Based in part on the identification of the flows, we
have discussed new possibilities and resource-efficient
commercial opportunities and models, and “ranked”
them based on their resource efficiency potential,
implementability and other variables.
Multiple flows – different
opportunities and challenges
The players involved in the various flows have different predictions and face different challenges in their
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efforts to improve resource efficiency. Starting with
biomass, recycling is limited within this flow by how
many times fibre can be re-used, for example if paper
has print on it or is used as tissue paper. Bio-based
chemical products are expected to be a very important application area for biomass. Wood and building
materials should be re-used and recycled to a greater
extent than today. The usage cycles need to last longer
in general in the biomass flow, and the material should
be used many times before it is goes to energy recovery processes.
Most of the concrete produced is built into infrastructure (including buildings) and remains there
in the same state for a considerable length of time.
To improve resource efficiency in the concrete flow,
the primary focus should be on the user phase and
specifically on using offices, homes and other spaces
much more efficiently. More steps in the construction
process (construction, use and demolition) could be
digitalised for more efficient management. 3D printing of prefabricated elements or complete buildings,
as well as manufacturing in mobile factories, could
be more widespread. Re-using concrete products like
carcasses etc. could be a profitable solution, as could
marketplaces for such products (“Craigslist for waste
materials”).
Steel has a high second-hand value and is re-used
to a relatively large extent. But melting it down and
transporting it is energy-intensive and the impact on
the climate of emissions from processing is significant.
Steel products therefore need a high utilisation rate
in order to be resource-efficient. In many cases it may
be more efficient to replace older, relatively inefficient
products with more modern and energy-efficient versions. Advanced steel could result in lighter structures
and reduced resource use. IT-based services and monitoring processes are expected to increase significantly
in the future, and services for sharing capital goods
will be further developed. Backflows should be created
for remanufacturing of steel products. Some original
component manufacturers are, however, against such
initiatives.
In the case of textiles, the percentage of material
losses in production is the highest during the spinning process when the yarn is produced. In the whole
production process – from raw material to finished
garment – the amount wasted is 50 percent. There
is a second-hand market for waste, but as Swedish
textile companies do not generally own the factories
where their products are produced, they have little
control over resource efficiency. Better cooperation
is needed within the industry for the re-use of waste,

and standards should be established for suppliers.
Companies could promote sustainability among textile consumers through communication. There is huge
potential to increase textile recycling in Sweden by
building more recycling stations. The textiles collected should be classed as raw materials – not waste.
Companies are expected to offer new services to
textile consumers such as rental, repair and remaking
products.
The data on food flows is insufficient in many
areas; for example, animals are not weighed before
they are slaughtered, making it hard know how much
of the animal is wasted unnecessarily. An unknown
number of tonnes of saltwater fish is discarded every
year from Swedish fishing boats because the fish is
the wrong kind or size. The EU has now imposed a
ban on this practice. On the consumer side, it was
estimated that in 2012 Swedish households threw
or rinsed away almost one million tonnes of food as
household waste. Using new digital tools could make
it possible to significantly optimise food flows. New
packaging technology is expected to greatly improve
efficiency. Since beef production is one of the most
resource-intensive food processes of all and the one
with the greatest environmental impact, new, alternative meat products could improve sustainability and
profitability.
The way forward: sharing,
digitalisation, design, dialogue
The greatest opportunities for resource-efficient solutions in the future are likely to involve promoting cooperation and sharing networks between sectors and
flows, e.g. through industrial symbiosis. One company’s waste will become another’s asset. The flows for
inputs such as water and energy could also be linked
in networks of companies.
Digital analysis of manufacturing and material use
in all of the flows through sensor technology, big data
and other technology will in the future have groundbreaking effects on the efficiency of resource flows,
including on the consumer side. Designing products
for recycling, re-use and upgrading should be an
standard part of the production process in the future.
3D printing has the potential to revolutionise material
usage, as long as user-friendly technology does not
result in more unnecessary printing (a kind of recoil
effect). Through dialogue with the users, manufacturers and their customers can be inspired and motivated
to improve resource efficiency.
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Why and how should we invest in resource efficiency?
Social challenges for Sweden up to 2050
Sweden is a small country that is extremely dependent
on the world around it. Last year total exports of goods
and services accounted for 45 percent of our GDP. We
are dependent on both exports and imports, we have
an international private sector and we are heavily impacted by fast developments in the world around us.
Among all the so-called megatrends that will affect
development in Sweden and the world up to 2050,
three are worth highlighting in particular: globalisation, urbanisation and digitisation.
• Further globalisation will increase the connections between different parts of the world through
increased trade, investment, integrated production
and distribution systems, travel, migration and
increased political integration. It is predicted that
growth economies will be the new engines of the
global economy, while the USA, EU and Japan are
expected to drop back several places in the ranking.2
• Increased urbanisation is expected to result in a
significant increase in the first half of the 2000s in
the percentage of people on Earth who live in cities.
UN statistics indicate that 30 percent of the world’s
population lived in cities in 1950, 54 percent in
2014 and that 66 percent of people will live in
cities in 2050.3 Linked to this trend is a changed labour market, with people moving from agricultural
and manufacturing jobs to the service sector with
expectations for new homes, more transit options,
better sanitation, etc. This in itself may be the foremost global sustainability challenge up to 2050.
• Rapid digitalisation will result in more and more
goods and services being made available through
digital solutions. This trend will provide traceability and flow optimisation opportunities, but it
could also impact things like security and integrity,
as well as job growth in general. It is considered
a real possibility that around half of all jobs (47
percent) will disappear due to automation in the
advanced economies over the next 20 years.4
Globalisation is constantly changing the competitive
landscape and creating new opportunities, especially
in the expanding export markets in Europe and other

parts of the world. Up to now many Swedish companies have been able to successfully exploit such opportunities. Although some enterprises and sectors have
found it hard to hold their own in the growing global
competition, the success of others has compensated
for it. As globalisation continues, the competition will
get tougher – especially in new growth markets – but
it will also produce many opportunities.
Meanwhile, the threat scenarios of the greenhouse
effect, depletion of biological diversity and other environmental issues are ever more evident. Swedish enterprise and industry therefore needs to become more
resource-efficient, and not just for reasons of profitability and competiveness. Ultimately, a transformation
is needed for the survival of humanity and to stop the
depletion of the planet’s raw material resources.
This will change a number of existing business models (such as goods manufacturing in industries where
there is a trend towards more services, unsustainable
resource-intensive manufacturing, local monopolies
that are challenged by online sales, etc.). Sweden’s
industry today lacks incentives for methods and tools
to develop business models that result in resource-efficient offerings. Instead some enterprises have
developed their own methods and tools.5 Research
and industrial experience indicate that companies
with products that are better adapted for subsequent
remanufacturing achieve better financial and environmental results, and are better able to close the material cycles.6, 7, 8, 9, 10
Sweden needs to actively evaluate and exploit
new opportunities in resource-efficient enterprise.
Cooperation needs to be developed between the
private and public sectors in this area. Research and
development is needed to design, evaluate and compare different models from financial and environmental perspectives. We also need research on how to build
flexibility into these types of business models in order
to handle the changes that will take place over time.
Natural resource extraction is often undertaxed
or untaxed (and sometimes even subsidised), while
human resources are taxed at a relatively high rate in
Sweden and other countries. Meanwhile, the underuse
of manpower, i.e. unemployment, is a significant cost
for society; partly because unemployment benefits
usually need to be paid and partly due to other costs
for society. To remedy the situation and achieve greater
resource efficiency in society, a tax shift from labour to
resource use could be an important tool in the future.11

WHY AND HOW SHOULD WE INVEST IN RESOURCE EFFICIENCY?

• Prolong the life of products through repair and
renovation, and use modules to improve product
performance.

phase to a great extent, which opens up new possibilities for suppliers to refine and be paid for their knowledge.13 This could happen by, for example, encouraging customers to optimise their use products, and
in doing so, reduce energy use and increase product
performance.14 One option is to change pricing and
payment models,15 for example splitting payment over
the period the customer uses the product instead of
one single payment at the time of purchase. Suppliers
often see this as a way of increasing revenue, while
customers see it as an opportunity to reduce costs. It is,
however, necessary to review the wording of contracts
and insurance policies, and to assess the value created
for consumers. Another problem that requires a solution is the issue of who bears the financial risk, i.e. acts
as the bank.
By producing resource-efficient offerings based on
value-generating processes for customers, service innovation could improve efficiency, differentiate, create
experiences, help or finance customers’ purchases.16 A
key aspect in creating service innovation is that customers must change their behaviour as well – so-called
behaviour innovation. Consumer buying patterns are
also determined by the cost of purchasing services, and
this in turn is affected by the tax rate. Reduced tax
on labour could therefore shift goods consumption to
service consumption.

• Remanufacture and reprocess components and
products for a second life, instead of throwing
them away and manufacturing new ones.

How does developing resource efficiency affect
companies? How are the risks managed?

New, more resource-efficient
commercial opportunities
Enterprises that want to focus on operating a resource-efficient business need to develop solutions
that not only have fewer negative effects, but that
also drive positive effects through growth. Some basic
components are needed to efficiently generate resource
productivity:
• As far as possible, use materials that are renewable
and recyclable. Waste should be regarded as a
resource and the cycle must be non-toxic.
• Optimise product manufacturing by making
the products recyclable, and achieve resourceefficient production by, for example, making use of
production waste.
• Optimise product utilisation by creating sharing
platforms, sell services based on product use
(servicification) and promote the creation of
second-hand markets to increase utilisation.

• Go from physical to virtual products, such as
e-books and e-services for music and film.
• Consider the life-cycle perspective by, for example,
taking into account life-cycle costs and energy
requirements during the usage phase.
Business models that are based on selling as many
new products as possible usually make it more profitable and practical for consumers to buy new products rather than repair broken ones. This is obviously
problematic from a resource point of view. A shift in
the focus of business models is needed – from selling
products to selling the use of them. More extensive
service and second-hand markets would also create
new jobs and reduce energy usage.12
These new types of business models involve the user

While the political sphere and other governance arenas
set goals based on what is good for society, the environment, the climate etc., their goals may conflict
with the business models that companies are using.
“Stranded assets” is the term often used for raw materials and products which, due to changes in environmental laws (or through groundbreaking innovation
or in other ways), become worthless as assets. One
example is how shale gas extraction and other energy
sources have eradicated much of the value of coal energy in Germany and the USA making it a stranded asset.
The ever-increasing pace of digitisation and servicification of what were previously pure product offerings
may also limit the risks associated with new products
by placing product performance in upgradable software
in the same way as with PCs. Tesla uses this system for
its electric cars.

9

10

WHY AND HOW SHOULD WE INVEST IN RESOURCE EFFICIENCY?

To drive transformation towards resource-efficient
commercial opportunities, it is important to identify
any obstacles created by the current regulations.17
A long-term dialogue with political decision-makers
is key here so that future amendments to laws and
regulations can be discussed and announced in a predictable way for businesses. Sweden has shown that in
several areas it is possible to combine environmental
and resource laws with a good business climate. The
carbon tax is perhaps the best example, but the rules
for exhaust emission control, phosphorus and chlorine-free bleaching of paper are other good examples.
Furthermore, many of the EU’s environmental laws
are at the supranational level, which reduces the risk
of individual countries being impacted by production
operations moving elsewhere.

One issue that will be carefully analysed over the
next few years is how the labour market and the parties
in it will be changed by new business models, such as
sharing networks and new service offerings. The service
society has been established in Sweden for a long time,
but informal sharing offerings with poorly regulated
transaction systems are a relatively new phenomenon.
It is becoming increasingly important to ask questions
about employment status, ownership and regulation of
large service platforms, fair competition and the relevant legal and political issues. The same applies to the
future national tax base, which is expected to change
significantly if and when there is a transition in society
to more servicification (such as Uber18 taxi services or
home rentals through Airbnb19).

FLOWS AND COMMERCIAL OPPORTUNITIES

Flows and commercial opportunities
In analysing resource efficiency improvement the
project has looked at a number of material flows in
Sweden. They should be seen as examples of flows
from each sector and not comprehensive descriptions
of how each sector works as a whole. In many cases
the flow and its products have been very significant
from a volume, weight or usage perspective.
The purpose of analysing these flows – biomass
from wood, concrete, steel, textiles and food – was
initially to identify waste, unutilised user cycles or
unforeseen potential from raw material. Sometimes,
for example, a processed raw material is sent for use
in energy recovery/incineration or to a landfill far too
soon, when it could have been used more efficiently
through more cycles or in different industries.
The second purpose has been to show examples
of the use of a raw material from start to finish in
Sweden. This allows us to gain a better understanding of which processes are involved in a particular
flow – processes that can themselves sometimes be
questioned or changed to increase resource efficiency.
Another reason for the analysis was to look at the
potential commercial opportunities for each flow for
more efficient use of raw materials. In the next chapter we therefore discuss the resource efficiency-related commercial opportunities that have emerged from
each flow analysis. In describing these commercial
opportunities we hope to be able to present new or
underutilised ways of interweaving companies’ current operations with the increasing need for environmental and profit-driven resource efficiency.
The flows and commercial opportunities were
documented by the project’s sub-project managers
with support from McKinsey & Company and with
active participation from the work group companies.
In some cases where statistics on material or energy
recovery or disposal/incineration were unavailable,
statistics calculated by the project were used instead.
Numerous agencies (such as Statistics Sweden
and the Swedish Environmental Protection Agency),
industry organisations (such as the Swedish Steel
Producers’ Association and the Swedish Construction
Federation) and businesses have been consulted for
data and advice. The process of creating an overview
of each material flow presented many challenges –
both due to the fact that there many have been no
data collection requirement and because the existing

data was collected by different entities and is difficult to compare and compile in a uniform way. IVA
believes that the project’s analysis, by virtue of its
breadth and the fact that it assembles information
from several different sectors, is unique. Our strong
hope is that our efforts will provide inspiration for
a more comprehensive analysis of the material flows
in society to identify leaks and efficiency solutions,
because this is key for effective resource efficiently
improvement.
We should point out that, in selecting the particular flows described below for our analysis, we
chose not to analyse other important material flows.
This was necessary in order to limit the scope of the
report and to use the project’s time and resources
efficiently.
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Figure 1: The biomass flow. Most of the
statistics are from 2012.

THE BIOMASS FLOW

By biomass, IVA is referring to forest biomass (sawn
wood and fibre). The project has analysed the biomass
flow in Sweden in three stages (according to the flow
chart here), from forestry and felling, through production of pulp paper and sawn wood products, to consumption of paper, paper products, wood products etc.
from the fibre. The chemicals industry has also been
analysed, given its interest in forest and other biogenic
materials (materials produced in living organisms). This
flow includes bioenergy as a product and by-product,
but not related to energy products (such as energy pellets). An increasingly important flow aspect is nutrient
recycling, both in forestry and in the system as a whole
(such as the food sector).
Where statistics were available the sources often have
different system perspectives and bases for calculation.
Information was inadequate in particular on wood products and their recovery and re-use. The Swedish Forest
Industries Federation is planning to remedy this.
Many products in the flow are recyclable, but with
limitations. For example, fibre for paper production
can only be used a few times. Wood fibres and cellulose
can be recycled in bio-based chemical products, such as
ethanol or textiles etc., if some new fibres are added.
The following process stages
have been analysed within the flow:
1.) Forest raw materials
Every year felling amounts to around 70.4 million m3 of
solid volume excluding bark, which goes in roughly equal
proportions to pulp production and sawmills to optimise
the use of trees.20, 21 A smaller percentage of the raw materials is used directly for electricity and heating. No big
amount of forest raw material is exported, while imports
represent 10 percent of the total volume.20 One factor of
uncertainty is bio-based chemical products. The use of
forest raw materials in the chemicals industry is driven by
climate and sustainability reasons, but is also affected by
technological development.
2.) Primary production
In the pulp and paper industry, forest raw material is
processed into pulp and then paper. These processes
are usually integrated, with high resource efficiency, but

processes can still be intensified. Both pulp and paper
are largely exported.20 Around 90 percent of the residual products from processing are recycled for energy,
but are also used as other materials. Resource efficiency
could be increased by making use of the properties of
the residues for bio-based chemical products, biodiesel
or biogasoline.
Around 75 percent of the products from Swedish sawmills are exported and the rest are used in wood products, pulp (chips) and energy recovery.21, 22 Resource
efficiency could be improved at sawmills.
Data is lacking on forest raw materials used in the
chemicals industry today. The chemical processes are,
however, constantly being developed towards better
use of untreated forest raw materials. One main issue is
when wood fibre should be used for bio-based chemical
products or for other purposes, and how to optimize
this environmentally or socially.
3.) Secondary production, consumption and recycling
Consumption of paper products is the final stage in
the paper flow as described in this project. The fibre
quality determines the number of times the paper can
be recycled. Reusability is limited when the paper has
print on it which may need to be removed, or when
the paper is consumed as tissue (most of which is
thrown away with household waste or used in energy
recovery).23 From an EU perspective, Sweden has a
high degree of paper recycling, with 77 percent of
all paper used in the country being recycled (Europe
average around 65 percent).20
The wood product category is a broad one and
recyclability depends on the product. When buildings
are demolished the wood in them may be too old for
re-use and recycling. The same applies to packaging
materials and pallets, depending on whether the wood
was impregnated, painted or is rotten. Recycling examples include input materials for pulp production or
energy products, or re-use as wood materials. When
people move into existing wood buildings, it can also
be defined as a form of re-use. There is also potential
for better re-use of fixtures and furniture, and various
business models for this are being tested. In general,
however, not much material is recycled; most of it
goes to energy recovery.24
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Figure 2: Commercial opportunities relating to the biomass flow. The diagram shows resource efficiency ideas with the highest expected
potential in order of priority, where resource efficiency is shown on the x axis, implementability on the y axis and the estimated
financial potential for the area represented by the size of the circles. Please note that the diagram is based solely on estimations from
workshop discussions.

Challenges and opportunities
relating to the biomass flow
The greatest opportunity is believed to be in bio-based
chemical processes and the positive replacement effects
from new raw materials and products from them.
Technologies and business models are being developed
and may very well result in a paradigm shift with
entirely new applications for biomass. However, the
fibres should be used for other purposes before they are
chemically converted. A broader discussion is needed on
how to optimise the way we use the forest, especially in
light of the predicted new application areas for biomass.
Better statistics are needed in order to understand
the R&D needs, the flows, the role of various players
in the system and the logistics requirements. Players in
this flow, such as the wood and pulp industry, should
also develop their communication to the public and
decision-makers on how biomass is contributing to and
benefitting the economy, the labour market and society.
Resource-efficient business opportunities and
improvements relating to the biomass flow
A number of main areas have been identified where
there is potential for better resource efficiency in the
biomass flow, as shown in Figure 2:

1. Industrial symbiosis
To realise resource efficiency on all points, it is important for players in the resource system to work in
cooperation to a far greater extent within the flow.
New market functions would then also be able to use
flows that have limited financial value and to create the
necessary conditions for industrial symbiosis.
2. Re-use of fibre (lignin) in the chemicals industry
Today the chemicals industry mainly uses this resource
in energy recovery, but it should be possible to use it to
replace current oil-based products as well. Biofuels such
as ethanol are however a short-term product that will
not be competing for the raw material in the long term.
Biodiesel, on the other hand, could be a more attractive
option. The raw material should first be used as wood,
paper (i.e. cascading – where virgin fibres are first used
for other purposes). The competition for recovered
fibres is increasing today, mainly from China. Research,
cooperation and control mechanisms are needed to
understand and develop this area.
3. Replace resource-intensive textiles
Fibre from biomass could replace fossil materials and
resource-intensive textile materials such as cotton.
This is considered realistic and environmentally sound,
but the forest industry is still hesitant to make large
investments in pulp for textile production because of
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international patents. Swedish forest assets provide
great opportunities for Swedish companies to develop
this area in cooperation with Swedish textile and clothing companies. But research is needed into, for example, dry manufacturing methods with low environmental impact. If the fibres are very worn they can be used
to make textiles that do not need to be hard-wearing,
(e.g. coverings used in clinical environments).
4. Better knowledge of material flows for new commercial
opportunities
Effective recycling requires good collection systems and
logistics, and a constant market for recycled materials.
Life-cycle analyses make it possible to evaluate and
compare different systems and chose the best one. A
better knowledge of resource flows will provide a better
basis for prioritising when developing the system, and
may give rise to new commercial opportunities. Players
need to share their statistics with each other, instead of
keeping them to themselves as is often the case today.
And more in-depth knowledge is needed about the
life-cycle effects of using different resources in different
processes. Better knowledge of material flows can also
increase the value in society of raw materials that are
placed on the market. The potential here is significant
since in Europe only 5 percent of the raw material value is recovered after the first product cycle.25
5. Design for recycling (paper)
Today a lot of printed paper is recycled for energy, but
the potential for material and nutrient recycling could
be increased by, for example, changing the printing
process to make paper more recyclable and re-usable.
It could also be used as insulation (already being done
commercially in Sweden). Research and development
are needed for this.
6. Design for recycling (wood)
Wood is recycled for energy to a greater extent than
paper, but the potential for more material recycling is
still considered to be lower than for paper products
due to low demand.
7. Design for re-use (building materials)
Building materials could be re-used and the reconstruction/remodelling rate reduced. But one challenge
here is that the materials are built into buildings for a
long period of time and there is a lack of standards for
increased re-use and reduced energy recovery. There
is greater potential for re-use with respect to interior

fittings by using modular kitchen and bathroom interiors. There is, however, a lack of knowledge about
categorization and sorting of recycled materials today.
New business models relating to the biomass flow
The main new resource-efficient commercial potential in the biomass flow, is the ability of the chemicals
industry to use fibre that has already been used in e.g.
the paper industry or as building materials.
The general shift in business models is towards
increased cooperation to make use of the properties
of biomass fibres and increase the potential to create value through a developed resource chain. One
example is where the raw material (wood) is sawn
into solid wood products, the sawdust and wood chips
are used for pulp and paper production, the paper
is recovered in several stages after which bio-based
textiles are produced from it. These textiles can then be
used to produce chemicals which can subsequently be
incinerated for energy recovery. This business model,
however, requires cooperation between a number of
players, such as the forest industry, paper and packaging industries, the construction industry, the chemicals
industry and recycling companies. The prospect of
implementing this business model is constantly being
improved through technical advances in the chemicals
industry and through a gradual increase in interest in
the value of biogenic materials among many players.
Summary and conclusions
Better statistics – particularly for wood products – are
needed in order to fully identify and take advantage of
new business models for biomass.
Recycling within this flow is limited by how many
times fibre can be re-used when, for example, the
paper has been printed on or used as tissue. However,
the level of energy recovery within the flow is high
in an international perspective. Chemically produced
products (bio-based chemical products) is expected
to be a very important application area for biomass.
Textile fibres from biomass could potentially replace
fossil materials and resource-intensive textile materials
such as cotton. Using carbon fibre from biogenic materials could also be an important commercial opportunity. Wood and building materials should be re-used
and recycled to a greater extent than is the case today.
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THE CONCRETE FLOW

Concrete is one of the most commonly used materials
in the infrastructure sector and is largely only used in
that sector. Infrastructure includes buildings, roads,
railways, power grids, telephony networks, water and
sewage systems.
Concrete consists mainly of crushed stone (gravel,
sand and stones), cement and water. The main raw
material in cement is limestone.
In this project we have studied the concrete flow
(see flow chart here) with respect to:
1.) Construction (including reconstruction),
2.) Use and
3.) Demolition.
Data has been obtained from Svensk Betong, the
Swedish Construction Federation (BI), and from
the companies participating in the work groups.
Supplementary data comes from research reports
and national waste statistics. The material contains
assumptions and estimations. Simplifications have also
been made based on expert assessments. The material
contains uncertainties, including with respect to the
waste, recycling and re-use statistics.
In Sweden 11.8 million tonnes of concrete are produced annually.26 Pre-cast concrete elements are also
exported and imported, but estimates indicate that the
volumes are very small. It is assumed that all concrete
produced is used in construction and reconstruction in
the infrastructure sector (buildings, civil construction
and utilities).
Around three quarters of the concrete is used to
construct buildings and the rest for structures such
as bridges.27 Annually construction and reconstruction processes generate 100,000 tonnes of waste
and demolished concrete, for example from ballast,
transport and casting.28 The demolition phase generates 410,000 tonnes of concrete waste.28 If we deduct
demolition from production, the result is more than
11 million tonnes of concrete being accumulated in
society annually.
Other than volumes of earth and mud, concrete
waste constitutes the largest percentage – 37 percent

– of construction and demolition waste.28 Demolished
concrete is sorted at source to go to a landfill or into
mixed waste fractions. In many cases concrete waste
is pre-treated, for example it is crushed and the metal
removed from it. Around 85 percent of concrete waste
is used for landfill cover or as construction material.23
Only about 15 percent of concrete waste is disposed
of as inert waste (not changed physically, chemically
or biologically when stored) or as part of mixed waste
fractions. An increasing but still very small percentage of concrete waste is recovered for use as crushed
concrete in the production of new concrete.26 Today
Sweden does not re-use a large quantity of concrete
products.29 Material recycling in the form of crushed
concrete in the production of new concrete and re-use
of concrete products is considered negligible in comparison with other uses.
Challenges and opportunities relating to the
concrete flow
Although concrete is one of the most important materials in the infrastructure sector, we believe it only
accounts for a small portion of the cost of a construction project. Around 30 percent of the construction
sector’s total production costs are material costs,30
and concrete is believed to account for only a small
percentage of that cost. There is therefore no strong
economic incentive from the sector to reduce the
amount of concrete being used. Concrete does, however, contribute to carbon dioxide emissions, mainly in
cement manufacturing.
Today mostly virgin products, such as limestone
and blasted rock, are used in concrete production.
Although there is a plentiful supply of these raw materials, open-cast limestone mining is becoming increasingly controversial.
It takes a long time to produce new types of concrete:
concrete has a long life-cycle and roads and buildings
are used for many decades. Long testing periods are
also often required for safety and sustainability reasons.
There is no competitive advantage in developing a new
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Figure 4: Overall utilisations flow for local infrastructure.

concept in the infrastructure sector. Innovations often
become common property.
Our built environment (roads and buildings) has a
long life. New investments are small relative to how
much already exists. The concrete work group therefore considers it important to focus on the user phase
and make good use of what already exists.
Resource-efficient commercial opportunities
and improvements relating to the concrete flow
Commercial opportunities relating to improving resource efficiency have been identified in the concrete
flow. The project has looked closely at a number of
particularly promising opportunities and they are
described below.
1. Optimised use of existing infrastructure
The area where the greatest resource efficiency potential is thought to exist relates to using concrete products (e.g. buildings and roads) more efficiently. Many
parties already share work stations at their offices and
this should become even more common in the future.
Offices can also be shared externally with other

enterprises. This model already exists, e.g. through
the company Workaround. Property company
Vasakronan is also involved in office sharing; for
example, they prefer their strategic suppliers to be
located under their roof. One advantage of sharing is
the social aspect, which is what Seats2meet’s business
concept is based on. It involves a network of physical
offices and meeting rooms that are booked by corporate clients or independent professionals. Sharing
offices also requires people to adjust their behaviour.
This is probably easier for the younger generation
who mainly want to “rent a function,” but more difficult for older people who are used to having a fixed
office space that is always available to them.
Utilisation could be increased in other infrastructure as well; for example, by assembling better data
on how roads are used and through self-driving cars.
2. Sustainable design
Smarter design could lead to more flexible buildings
that are ready to be used for a different purpose. This
may, however, require designing them from the start
for greater loads, which would require more concrete.
But smarter design and construction could also reduce
the concrete requirement. For example, building
design could be adapted to the geological conditions.
This requires the contractor to have the right technical
expertise and for the client to approve the solution.
Reducing the amount of concrete used must not be
allowed to jeopardise safety.
3. Increased digitisation
Digitalisation offers great opportunities for improved
resource efficiency. Today the stages prior to construction (design and project planning) are digitalised,
but the construction, usage (use and renovation) and
demolition phases (including re-use, recycling and
depositing in landfills) are not. The design stage could
be digitalised further through 3D planning and BIM
(building information modelling – a method that
integrates all participants in a construction project
through a complete digital description of it and a
digital model).31
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Figure 5: Commercial opportunities relating to the concrete flow. The diagram shows resource efficiency ideas with the highest
expected potential in order of priority, where resource efficiency is shown on the x axis, implementability on the y axis and the
estimated financial potential for the area represented by the size of the circles. Please note that the diagram is based solely on
estimations from workshop discussions.

Concrete is heavy and bulky to transport.
Transportation could be optimised through digitisation using, for example, a service similar to Uber,
enabling fast digital connection between drivers/hauliers and customers/materials (in Uber’s case, taxis for
private individuals).
The Chinese company Yingchuang announced in
March 2014 that it can 3D-print buildings. The company also presented ten full-scale 3D-printed buildings.32
4. More prefabricated material
Prefabricated concrete elements could increase flexibility and the ability to re-use concrete. When concrete
elements are prefabricated, machinery and labour are
used more efficiently than at a building site. Using
more prefabricated concrete elements also speeds up
the construction process and minimises the amount of
fresh concrete waste. It is, however, more difficult to
transport concrete elements as efficiently as transporting factory-made fresh concrete.

5. Marketplace for re-using construction products
It is not always possible for construction companies (contractors) to efficiently use concrete from a
demolition project for a nearby construction project.
In general the concrete flow could be made more
resource-efficient with better coordination between
players. Competition-related obstacles preventing
cooperation between industries and companies could
be removed if an independent third party initiates and
is responsible for coordination.
Concrete elements could be re-used in other locations, although the large volumes, matching buyers
with sellers, warehousing and transportation all present challenges. These could be solved through digital
marketplaces, although a standard for categorisation
would be needed for that. In order to create business
models in this area, product responsibility and safety
issues need to be addressed.
6. Re-use and recycle concrete
Concrete carcasses and facades could be re-used
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in reconstruction/remodelling projects that would
otherwise involve total demolition. Often, however,
buildings are demolished in locations where there is
little demand for reconstruction projects, and in this
case it is cheaper and simpler to demolish and build
from scratch.
Concrete could be recycled by using crushed concrete instead of crushed stone for ballast. A growing
percentage of demolished concrete is being recycled,
and although most of it is not being used in new concrete production, the percentage is increasing.
Re-use is more complex because concrete is not
a flexible material and transformation is difficult.
Contractors need to plan for re-use as early as the
design phase. Buildings could, for example, be constructed from standard elements so they are easy to
dismantle and rebuild somewhere else. Compared to
the amount of construction taking place in Sweden,
the amount of demolition is small, making it difficult
for a system like to be financially sound. There are no
incentives in the construction phase today to encourage planning for the re-use of demolition materials.
According to the flow analysis, around 4 percent
of all “new” concrete could theoretically come from
re-used/re-cycled concrete. It is therefore difficult to
close this resource flow cycle. Increased re-use/recycling
probably also requires changes to demolition routines,
efficient coordination and logistics, traceability in
concrete flows and regulated responsibility. One general
problem in re-use and recycling is how to guarantee
quality.
7. Replacing crushed stone and cement
with residual products from other flows
In other countries some of the cement in concrete is
being replaced by pulverised fuel ash (PFA) from coal
power plants. Sweden has ash from its waste incineration plants. These plants often use various types of
lime to clean their flue gases. Could the plants be optimised to produce ash which, after a cleaning process,
could replace cement?
Since not enough concrete can be recycled to replace

crushed stone ballast, other recycled products should
be used for this purpose.
8. Including other products in
concrete to improve its properties
Other products could be mixed into concrete to give it
more/better properties. For example, today fibrereinforced concrete (with evenly distributed fibres) is
being produced.33 Would it be possible to mix glass
fibres into concrete to increase its heat-retention properties?
New business models relating to the concrete flow
Since concrete is mainly used for infrastructure which
is often built to last in society for a very long time,
much of the focus of efficiency improvement in the
concrete flow will be on improved use of existing
structures, especially as concrete is a relatively cheap
material to produce today.
The paradigm shift in the concrete flow will involve using concrete structures more efficiently
through digital sharing technology and re-use forums.
Prefabricated elements and more sustainability standards in the building and infrastructure sectors could
contribute to this kind of optimisation.
Since there is no strong driver for industry to reduce
the amount of concrete used, we instead need to develop commercial opportunities to increase the value
of buildings or roads through changes in the concrete/
concrete construction. Branding concrete will make it
possible to charge more for it. One example of this is
the Green Concrete (Grön Betong) project.
Another example of a business model is, in this
project, called “social buildings.” Buildings in this
model have more functions, and space is rented out as
needed. More flexible solutions could increase utilisation. Small enterprises could realise cost benefits from
shared office space. The benefit of sharing for large
companies is a more integrated value chain. There are
also social benefits to be gained.
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Summary and conclusions
Concrete is among the most commonly used materials
in the infrastructure sector and it is used almost exclusively in this sector. Concrete is largely produced and
used domestically in Sweden. No significant quantities
of concrete products are being re-used in Sweden today. On the other hand, around 85 percent of concrete
waste is recycled, albeit for less advanced uses such as
landfill cover or as construction materials.
Concrete waste is heavy, so the environmental
impact will be lower the shorter the transportation
distances are. From a life-cycle perspective, it may be
better to dispose of concrete waste locally rather than
transport it long distances for recycling.
Recycled concrete also needs the addition of new
cement as a binding agent and cement accounts for
concrete’s greatest environmental impact.
There is little construction relative to the amount of
infrastructure (buildings and roads etc.) that already
exists. It is therefore important to focus on the user
phase when developing new business models.

In terms of commercial opportunities relating to
concrete, more stages in the building process (design,
construction, use and demolition) could be optimised
for more resource efficiency. Smarter design and
smarter building production are needed. 3D printing
of elements or entire buildings will, for example, become increasingly important in the future.
Recycling/re-use of concrete materials, as well as
marketplaces for these products (“Craigslist for waste
materials”) could lead to new commercial opportunities. According to the analysis of the concrete flow,
only a small portion of new concrete can come from
recycled/re-used concrete. It may therefore be necessary look at the possibility of replacing crushed stone
ballast and cement with residual products from other
flows. Incorporating other products in concrete could
also give it new and different properties.
By branding concrete as green, a higher price can
be charged for the concrete/concrete products, thereby incentivising the industry to use resource-efficient
business models.
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The steel flow
Figure 6: The steel flow. All data is
from 2012 except the “Production
for the engineering industry” flow,
which is from 2014.
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Steel has a high second-hand value and is recycled to
a high degree compared to many other materials. It is
essentially fully recyclable – not just once but several
times – using relatively simple methods. The metal
retains its physical properties when melted down and
can be adapted and improved through alloys and
heat treatment. Melting down and transporting steel
are, however, energy-intensive and the impact on the
climate from process emissions is significant.
The analysis (see diagram) of the steel flow is based
on industry association metrics and the data is considered reliable, apart from data for the construction
industry and the quantity of recycled steel, which
should be seen as qualified estimations by industry experts. In the flow analysis the steel flow is divided into
five stages: primary production, material processing,
production, sale/use and recycling.
1.) Primary production (extraction of iron ore from
mines). Of the 129 million tonnes mined for mineral
extraction, 26 million tonnes of iron ore products
were extracted,34 which resulted in, among other
things, four million tonnes of raw steel. 40 percent
of iron raw materials in Sweden consist of scrap iron
and the rest of iron ore.35 Other substances (gravel
and sand) are used as filler materials in roads etc.
2.) Material processing (iron ore is delivered to
steelworks to be processed into sheet metal, strips,
rods, cables and pipes). Imports and exports are
about the same in terms of weight: around 3.5 million tonne36, but a trade surplus of around SEK 17
billion is generated36 because companies in Sweden
process and export high-quality steel. Part of it
goes to the Swedish manufacturing industry.
3.) Steel products are delivered to:
a.) Industries that manufacture electronics, machinery, vehicles, etc. Machinery and vehicles
are the main categories (combined accounting

for around 85 percent).37 Steel components are
imported, processed and then exported at a higher
value. Industrial waste, such as filings, goes back
to the foundries. This is not included in the waste
statistics but is an efficient recycling model because
no transportation of materials is required.
b.) The construction industry, in which only a
small amount of Swedish steel is used, because
cheaper, low-value steel is imported for reinforcement rods, beams, etc.
4.) Sale and use of products. According to estimates
by the Swedish Steel Producers Association
(Jernkontoret), 90 percent of steel products are
in general recycled in Sweden. The flow includes
consumer products where steel recycling varies between 50 and 85 percent.38, 39, 40 There is potential
for improvement in consumer electronics recycling
because many electronics products, such as mobile
phones, remain in the consumers’ possession.
5.) Recycling and reprocessing of materials. In total
2.5 million tonnes of steel are recycled in Sweden,
of which 1.5 million tonnes come from recycling
industries and the rest from imports and individual
recycling. The manufacturing chain – from scrap
metal to finished product – is simpler, shorter and
only requires one third of the energy that is needed
to turn ore into finished products.41
Challenges and opportunities
relating to the steel flow
Steel lasts for a long time, but melting down and
transporting steel and steel products is energy-intensive. Steel products therefore need a high utilisation
rate in order to be resource-efficient. Steel products
thus need to be designed right from the start for an
extended life, re-use and recycling.
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Figure 7: Commercial opportunities relating to the steel flow.The diagram shows resource efficiency ideas with the highest expected
potential in order of priority, where resource efficiency is shown on the x axis, implementability on the y axis and the estimated financial
potential for the area represented by the size of the circles. Please note that the diagram is based solely on estimations from workshop
discussions.

Swedish steel and Swedish steel products are largely
exported and therefore more difficult to trace, recover
and re-use in a profitable way. The manufacturing and
engineering industries have made substantial investments in their processes, making it expensive to convert production for standardised and modular manufacturing (i.e. manufacturing replaceable components).
Resource-efficient commercial opportunities
and improvements relating to the steel flow
Although Sweden has around a 90-percent recycling
rate for steel (very high in an international perspective), there is great potential to further improve
resource efficiency. Below is a description of the areas
identified as having good potential for improving the
steel flow’s resource efficiency in the value chain:
1. Increased utilisation of existing products
The area where the greatest resource efficiency gains
can be expected to be made is increasing utilisation of

existing steel products. Instead of being owned, machinery and vehicles could be shared, leased and rented out to increase utilisation, based on technological
advances, including the Internet of Things. According
to the Swedish Transport Administration, for example,
a carpool car could replace 5–7 cars. The challenge is
to find new ways of charging for services (rather than
selling products) and changing consumer behaviour so
that customers see the value in something other than
owning the product.
Traceability will increase as a consequence of rapid
IT development and this could result in optimised
transport solutions, expanded services without affecting operation, and remote monitoring of processes to
reduce unplanned production stoppages. Geofencing,
where a search engine can be used to mark out geographical areas, will make it easier to share services,
for example, to carpool to work with people living
nearby.
2. Re-use and remanufacturing
Most companies are set up to produce or process a
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Instead of layer upon layer
To cut customer costs as well as environmental
impact, SKF is offering ball bearing repair, i.e.
remanufacturing to avoid complete replacement of
bearings. Depending on the scope, cost savings of
50 percent could be achieved, at the same time as
energy usage and emissions of greenhouse gases
are 80 percent lower than in new ball bearing
production.

product to sell it, but this means they are unable to reuse products and components. An effective back flow
needs to be created on an industrial scale to increase
the re-use of products. Today Swedish companies
are very good at exporting products globally and
have well-developed distribution networks. Could
back flows also be created so that products could be
repaired and re-used in a profitable way? Companies
considering this include Scania, which is looking into
the spare part value of sold commercial vehicles.
There are, however, signs indicating that remanufacturing is not increasing. Most companies that remanufacture components and products are “third-party
companies” with low volumes that therefore find
it hard to achieve economies of scale. Some OEMs
(original equipment manufacturers) are pushing to put
obstacles in the way of product remanufacturing in
the form of guarantee requirements.42
3. Innovation and design for long life and resource efficiency
Higher resource efficiency is achieved by designing
steel products for a longer life right from the start. The
amount of materials used is reduced when sustainable components in a steel product are retained, while
service and software updates extend the life of products (e.g. Tesla cars or Ericsson base stations). It could
also be possible to replace surface/outer layers to give
a product a new and updated appearance. A conflict
between resource and energy efficiency could, however,

arise if a new product is significantly more energy efficient and should therefore replace an older model.
Ventilation company Rehact uses resource-efficient
innovation through its new technology which involves
installing a single pipe for both inflow and outflow,
thereby reducing the number of ventilation pipes
needed.
The re-use and recycling aspect should be considered as early as the design phase (for example by making dismantling easy). A focus on resource efficiency
could also make it possible to avoid over-specification;
in other words, not all components need to have extra
high sustainability requirements for their intended
application.
4. Reduced resource usage in production
Companies are constantly working on reducing waste
and improving production efficiency in order to be
cost effective. Modular production is expected to
increase and will make it easier to upgrade products
by switching out one module while leaving others in
place. Today industries can use IT to build production systems that can handle a lot of variation within
predetermined parameters. Manufacturing tools and
simulation have improved, facilitating adaptation for
new products.43
Additive manufacturing (manufacturing layer upon
layer) and 3D printing technology are also beginning
to be used in mass production. It will be possible to
build things that used to be impossible and to avoid
tool costs, save on materials and shorten lead-times
from design to finished product. The benefits will
mainly come in small series production of smaller
components made from expensive materials.44 One
risk is that this technology may result in increased material consumption because it will be easy to print new
versions of a product after each modification (similar
to the impact computers and traditional printers had
on paper consumption in offices).
5. Development of materials and process
improvements are optimising raw material use
Manufacturers of capital goods and durables could
work in cooperation with basic industries to produce
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stronger and lighter steel. Advanced steel could result
in lighter structures that require less material and
enable energy efficiency to be improved during the
user phase, as in lighter vehicles. The Swedish Steel
Producers’ Association has shown that if 1.3 million
tonnes of advanced steel were to replace conventional
steel in the automotive and construction sector, SEK
11 million and 500,000 tonnes of metal could be
saved a year, accompanied by a reduction in carbon
dioxide and energy usage.45
Technical development and research could improve
the amount of alloys extracted from slag and steel in
future recycling processes. This is relevant because the
Swedish steel industry today uses less residual slag
than many competing countries.45 The quality issue is,
however, an important one.
6. More efficient collection
systems and logistics for recycling
Industrial production requires reliable access to materials of the right quality, quantity, cost and with minimal environmental impact. Resource-efficient systems
are therefore needed for the recycling of flows, and
tools are required to develop and analyse them.42
New business models relating to the steel flow
Due to the relatively high recycling rate of the steel
flow, new business models for steel are focusing
primarily on the user phase. One example is Toyota
Material Handling in Mjölby, which manufactures,
sells and leases forklift trucks. Each truck is online
and the data gathered is used to increase utilisation,
optimise battery care and monitor service needs to
prolong the life of the truck and reduce costs. The
company takes overall responsibility for the truck
and, with the help of a meter, charges customers per

hour for the time the engine is running. The customer only pays for use of the truck and the company is
incentivised to produce trucks with a long life that can
be repaired and re-used. Toyota Material Handling
also remanufactures trucks by restoring, repainting,
tested and renting them out again. Trucks that cannot
be remanufactured are dismantled and the working
components re-used.46
Summary and conclusions
Steel has a high second-hand value and is recycled to
a high degree compared to many other materials. But
melting it down and transporting it is energy-intensive
and the impact on the climate of process emissions is
significant. Similar to concrete products, steel products
also need to have a high utilisation rate in order to be
resource-efficient.
Machinery and vehicles are the main categories of
steel products, with a combined 85 percent of the
value. Steel products should therefore be designed for
a long life, re-use and recycling right from the start. In
many cases it may be more efficient to replace older,
relatively inefficient products with more modern and
energy-efficient versions. Advanced steel could lead to
lighter structures and reduced material usage in, for
example, vehicles.
Technology development, including the Internet of
Things, could lead to new commercial opportunities.
Optimisation of transportation, remote monitoring
and IT services are expected to increase significantly
in the near future.
Sharing and renting will increase utilisation and offer huge potential (in car pools, renting tools, etc.), as
will re-use/remanufacturing of used, discarded products and components.
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The textile flow
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The textile flow analysis (see the diagram here) covers
clothes, soft furnishings, work clothes and rags. The
flow is divided into the following stages: raw material
production, spinning, fabric production, garment production, new sales, consumption/re-use and recycling/
waste. The first four stages are categorised by textile
fibre, because production processes are often specific,
using methods depending on the sort of fibre to be
produced. There is some mixing of textile fibres or
materials in the production process, but this is not
included in the calculation.
Data has been obtained from various sources,
such as Statistics Sweden, Swedish and international
industry reports and interviews with textile companies. Statistics on waste from production processes
have been estimated based on interviews with Swedish
textile companies and international statistics. There
was insufficient data on textile recycling and the
percentage that ends up as waste. The calculation data
mainly refers to 2013 (and where no data was available, 2011).
1.) Raw material production: The production of
textile fibres such as cotton, polyester, viscose,
wool and others (including lesser types such as
nylon etc.). Polyester is the textile fibre used the
most, followed by cotton, viscose and wool in
that order.
2.) Spinning: The process in which textile fibres are
made into yarn. The largest percentage of material
waste in the entire the production process occurs
at this stage.
3.) Cloth production: The stage where yarn is woven
into cloth.
4.) Garment/product production: Cloth from stage 3
is used to produce garments and textile products.
5.) New sales: In this stage the textile products go onto
the market to be sold (i.e. in shops etc.). According
the companies surveyed, there is only 1 percent
waste at this stage (returned, faulty items etc.).

6.) Consumption: In 2013 in Sweden 121,000 tonnes
of new textile products were consumed. The total
consumption of new textiles has been calculated as
the net inflow of textiles (the sum of imports and
domestic production minus exports).47, 48
7.) Re-use: Around 8,600 tonnes of textile products
go to the second-hand market and are re-used by
consumers in Sweden through second-hand shops.
14,800 tonnes are exported and re-used in other
countries.47
8.) Recycling/waste: In Sweden around 100,000
tonnes of clothing ends up among household waste
every year. Only an extremely small portion of
textile fibres end up being re-used in production.49
Challenges and opportunities
relating to the textile flow
Swedish textile companies do not own factories.
Instead their production is located in developing
countries which have different control and monitoring requirements. Almost 50 percent of all materials
are wasted during the production process. There is
a second-hand market for this waste, but Swedish
textile companies have no full insight into it, which
makes it more difficult to impact resource efficiency in
the production processes. Swedish companies need to
set standards for their suppliers to comply with and
develop cooperation with other companies to jointly
steer the suppliers towards better resource efficiency
and circularity.
While the resource competition needs to be handled
by the companies, consumers need to have more sustainable purchasing behaviour. Textile companies could promote this by providing clear and accessible information.
Today only a small portion of textile products are
recycled in Sweden, and this is where the industry’s
greatest potential for resource efficiency in existing
textile raw materials is considered to exist. Substantial
investment in new recycling technology, product
collection, logistics and aftermarket solutions are
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Local textile recycling in Italy
In some parts of Italy different coloured bags are
used for recycling according to the type of item being
recycled.The bags are placed outside the door and
collected on pre-determined days. Similar initiatives
exist in the UK, Japan and several other countries.
In Sweden we have recycling stations and sorting
rooms adjacent to/inside buildings and some places
have textile collection bins as well. One logistics
challenge with textile collection is that people
generally sort through their clothes at certain times
of the year, rather than on an ongoing basis (such
as towards the end of a season when it is time to
update their wardrobe).

required to improve this. Investment in new and
innovative technology is also needed to develop
sustainable materials that can be recycled. This will
require a significant effort by textile companies and
other industries to work together and to see the whole
process in a system perspective.
Resource-efficient commercial opportunities
and improvements relating to the textile flow
Below is a list of areas in the value chain where potential
to improve resource efficiency has been identified for the
textile flow. They also apply to consumer products in
general and can be applied by companies based on their
particular situation with respect to the market, products
and stakeholders such as customers and suppliers.
1. Sustainable design and lifecycle analysis
Sustainable design is crucial for resource efficiency,
and a lifecycle perspective should therefore be introduced in the design phase. Choice of sustainable
materials, cutting and more product segmentation according the length of their life are important aspects.
In the case of products with a high fashion content,
which therefore have a short life, the focus should be
on using materials that are more resource-efficient to
produce, recycle and possibly compost. Products with

a lower fashion content often have a longer life, and
quality is therefore a crucial aspect. A similar argument can be made for other consumer products. It is
important right from point when design decisions are
made to pay attention to which material will be used
for which part of the product, and to substitute with
sustainable materials. Choosing simpler designs that
make recycling easier or reducing the number of production stages (such as fewer steps in sewing linings
etc.) improves resource efficiency.
Transitioning to new, sustainable materials that,
for example, do not need to be woven, would cut
the number of stages in the production process.
Manufacturers could produce large volumes of
products that are significantly more resource efficient
and easier to recycle. Innovation projects should be
launched to develop new sustainable materials and
products that use less input resources and that can be
re-used. It is, however, important to make sure that
simplified processes do not encourage unnecessary
resource use or wastefulness.
2. Cooperation within and between industries
Companies should work together in the industry to
require suppliers to comply with key ratios, quality,
process and energy consumption standards. There is
great potential for re-use of more of the waste generated in production among different players. In the
textile industry the biggest losses are during spinning.
Polyester and viscose generate less waste than cotton,
because cotton fibres are of varying lengths (shorter fibres are removed and become waste). Throughout the
production process – from raw material to garment
production – around 50 percent of textile fibres end
up as waste. Companies often pay only for the materials they use and the waste is sold on to second-hand
markets. It is therefore important to separate waste to
be re-used from waste to be discarded. Swedish companies do not own the waste and therefore have no
information on the extent of the waste and how it is
re-used, which makes it difficult to influence resource
efficiency in production.
One idea is to create a Swedish and global digital
resource marketplace where companies could sell their
manufactured resources, such as waste, seconds and
production surplus, so that other companies could
acquire them as a resource.
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Figure 9: Commercial opportunities relating to the textile flow.The diagram shows resource efficiency ideas with the highest expected
potential in order of priority, where resource efficiency is shown on the x axis, implementability on the y axis and the estimated financial
potential for the area represented by the size of the circles. Please note that the diagram is based solely on estimations from workshop
discussions.

3. Innovation in the production process
Innovation that meets consumer needs is a driving
force for all consumer companies. Introducing 3D
printing into the production process would make it
possible to greatly reduce the number of production
and transport stages. Weaving, dying and sewing
could be done by a 3D printer at the same geographical location, thereby reducing the transport needs.
This technology would also allow suppliers to produce unique made-to-order products for customers
and companies, with very little material waste. 3D
technology is basically changing the entire production process and could completely disrupt the textile
industry.
4. Optimisation of sourcing and production
Companies could optimise their supply chain by, for
example, improving sourcing efficiency and increasing warehouse turnover. Increased local production,
made possible by new technology like 3D, would
reduce transportation times and the risk of delays.
Production and sales volumes should be reviewed so
that fewer products are sold in discount sales and to
reduce overconsumption and waste.

5. Digitalisation of the market
Businesses are now investing in technical solutions
that allow consumers to buy, rent, borrow and
re-use customised and resource-efficient products.
Digitalisation is making the geographical location of
customers and businesses less and less important, and
businesses are reaching new global markets. Increased
online sales and digital showrooms are offering more
selling options and are reducing the number of physical stores.
The internet and social media are expected to be
used to achieve greater resource efficiency through
marketing of second-hand products, repairs, renting
of tools for domestic use and sharing networks where
people jointly own and share products. We also expect
to see more businesses driven by customers that act as
intermediaries by marketing and selling other players’
products in their networks.
6. Communication and educating
consumers about sustainability
Companies can provide information on sustainability to
encourage their consumers to use their products more
sustainably and so that more products are re-used or
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recycled. To achieve an even greater effect from this,
a system perspective should be applied and partnerships forged between different companies involved in
the lifecycle of products. For example, companies that
sell textiles could work with laundry detergent suppliers and washing machine manufacturers to educate
consumers in how best to care for their products for
improved resource efficiency and a longer product life.
It is also important for companies to aim specific sustainability information at the right target groups as the
flow of information increases and as consumers control
the information flow through technical filters.
7. Recycling
Today less than 1 percent of textiles are recycled
and used to produce new material. This is where the
greatest potential to improve resource efficiency and
close the cycle exists. Today we have technology to
recycle polyester and cotton. Polyester has the benefit
of being able to be re-used many times while retaining its good quality. Chemical recycling offers great
potential for polyester and mixed fibres. Cotton
fibres, on the other hand, are like paper pulp and can
be recycled a number of times, although the quality
gradually declines (downcycling). In later cycles the
fibres could be used in products such as carpets and
soft furnishings. The amount of new cotton should
be reduced and existing cotton recycled because cotton production requires large quantities of water and
chemicals compared to other types of fibre. Today
the turnover and demand for cotton is the greatest in
basic garments and children’s clothes. Companies are
finding it hard to replace cotton with something else
because consumers want it. But the industry believes
this will change over time as cellulose-based fibres
are developed from the forest or from cotton waste
with similar properties to cotton. Also, new generations may have other preferences.
To increase recycling we need new sustainable
materials that are easier to recycle, cooperation and
knowledge transfer across industry lines, new control
mechanisms, and standardisation of recycling processes.
Wood fibre from the wood industry and cellulose fibre from harvest residues could become raw

material for new textile industries (wheat could, for
example, become textile fibre for clothes with a short
lifespan).
8. Collection
There is great potential to reduce after-use waste in
the textile industry. Textile collection by businesses and shops is one option, but the most efficient
solution would be to develop and create a whole
new industry for recycling, with recycling stations
for textile waste similar to those used in Sweden for
recycling glass, paper and plastic. The textiles collected should be classed as raw materials, not waste.
In order to recover and utilise textiles that would
otherwise become waste, new efficient recycling
technology must be developed and made available to
more companies.
New business models relating to the textile flow
Companies are expected to offer new services to consumers, such as rental, repair and remaking of products. One example of this is Houdini, which is already
both selling and renting products and services, such a
mending service for used garments. New enterprises will
emerge that will acquire used garments directly from
consumers or second-hand shops and will make the
product like new again to be re-sold. One example of
this is Refo, a social innovation and website for remaking services.
The global problem of garment over-production
today represents a huge waste of resources and results
in big discount sales and outlets. Unfortunately essentially all clothing companies operate according to this
traditional business model today. One model would be
not to start the production chain until after a crowd
funding process, i.e. in customer-financed production. Crowd funding clearly shows consumer-driven
demand and thereby reduces over-production. The
company called Betabrand manufactures clothes
according to this model. As they only produce what
customers think it is worth paying for, Betabrand
avoids the big warehouse management challenge faced
by the industry.

THE TEXTILE FLOW

Summary and conclusions
Today only a small portion of textile products are recycled in Sweden, and this is where the greatest potential has been identified. A new textile infrastructure,
which includes recycling stations, should be developed
and the textiles collected should be categorised as raw
materials, not waste.
Polyester is the textile fibre used the most, followed
by cotton, viscose and wool in that order. The percentage of waste in the production of textiles is the highest
during spinning when the yarn is produced. There is a
second-hand market for waste from production, but
textile companies in Sweden normally outsource their
production to developing countries and therefore have

less control over resource efficiency. Better cooperation is needed within the sector so that waste can be
re-used, and suppliers should be required to meet key
ratio, quality and other standards. New technology
such as 3D technology may entirely disrupt the textile
industry.
Textile consumers need to change their buying
behaviour towards more sustainable choices and this
could be promoted through communication from and
with textile companies.
The internet and social media are becoming very important marketing tools in second-hand and product
sharing networks. Companies are expected to start
offering new services to consumers, such as rental,
repair and remaking of products.

33

The food flow
Figure 10: The food flow in tonnes. All statistics are from 2012/2013.
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The statistics in the flow chart for food are primarily
based on statistics obtained from – or commissioned
by – government authorities, agencies and industry
organisations. In order to compare figures between
different parts of the cycle, statistics of the same quality and that refer to the same year (2013) have been
used as far as possible. In cases where this has not
been possible, the figures are from 2012.
Today there are insufficient statistics on the resource
flow between several parts of the food flow, which is
a potential obstacle in identifying future opportunities
to improve resource efficiency in the Swedish food cycle. In several cases no relevant statistics are gathered;
in other cases the owners of the statistics may, for
competition-related reasons, be keeping the information to themselves.
The project’s food flow analysis
is divided up as follows:
1. Primary production (sand-coloured boxes and
arrows). Of the 20.7 million tonnes of grain
produced every year in Sweden, only just over 40
percent50 is sold directly as food. Almost 60 percent goes to other things, such as feed production
or is in the form of crop residues that are ploughed
back into the ground or burned. Aside from the
reported harvest statistics (20.7 million tonnes),
there is an unknown side flow of “production losses” and unused crop residues for which there are
no national statistics today.51, 52
Of the total animal production (meat, eggs and
milk), 78 percent consisted of milk. Of all the livestock that was slaughtered, one third of the weight
consisted of slaughter waste such as intestines,
skin, heads, hoofs, etc., only some of which is used
in food production. As animals are not weighed
before they are slaughtered it is, however, difficult
to know how much of the animal disappears as
necessary or unnecessary waste).23, 53, 54

Of the 192,170 tonnes of saltwater fish and farmed
fish and shellfish brought to land in 2012, only
just over half (51 percent) was used directly for
human consumption. Just over 40 percent went
to produce feed for fish farming or livestock. An
unknown number of tonnes of saltwater fish are
thrown overboard every year from Swedish fishing
boats because they are the wrong type or size.55, 56, 57
Under an EU law in effect since January 2014, professional fishermen within the EU are not banned
from throwing unwanted parts of their catch into
the sea. Swedish fishermen in the Baltic Sea were
given two years to comply with the new ban.
2. Manufacturing and processing industry (box and
arrows in grey). The only flow statistics that have
been compiled in this area consists of data on the
known amount of food waste (642,000 tonnes)
and the only documented further use consists of
the 171,000 tonnes that go to anaerobic digestion and composting. Apart from this there is an
“unknown” amount of food waste that is hard to
estimate because the manufacturing and processing
industries today have no combined statistics on
their outflow of food. There is an “unknown” loss
flow here as well.58
3. Sales (blue square and arrows). It is also hard to
get an overview of the sales flow because there
are no initial statistics on the food inflow from
the manufacturing and processing industry. The
only documented outflow is known food waste
(270,000 tonnes), of which an estimated 67 percent (181,000 tonnes) is “unnecessary” food waste,
but where today 100 percent is re-used in incineration, anaerobic digestion or composting.23, 59, 60
4. Consumption (box and arrows in light blue). It
was estimated that in 2012 Swedish households
threw or rinsed away almost one million tonnes
of food, just from their homes (995,000 tonnes or
almost 3,000 tonnes a day). Of this amount just
over 98 percent went on to be used in incineration,
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anaerobic digestion and composting. It is, however,
estimated that almost half (494,000 tonnes of the
“waste” consists of food and beverages that could
have been consumed. A large amount of the remaining nutritional content in the food consumed
today is believed to be going down the drain without being identified or used in another way.58, 61
5. Re-use or further use (green arrows). It is impossible to get an overview of how much of the total
waste in the Swedish food flow (food waste and
production residues) is re-used, because much of
the waste is not documented. There are, however,
statistics on how the waste is being re-used and
further used (see, for example “manufacturing,”
“sales” and consumption”).23, 58, 60
6. Losses (orange arrows). Resources are wasted in
all parts of the food flow. The greatest amount of
known waste is on the consumer side. But there is
a flow of waste (food waste and production losses)
in all parts of the cycle that is not measured and
documented. In primary production (plant, animal
and fish production), this unknown waste is believed to be substantial.23, 58, 60
Challenges and opportunities
relating to the food flow
To improve resource efficiency in the food flow to
the extent that is needed by 2050, good information
sharing between key players in the food flow and
with the wider community must be established. More
openness, trust and transparency are deemed crucial
to establish circular collaboration, change consumer
behaviour and create acceptance for new production
models, values and products among producers, consumers and decision-makers.
If the food flow is to be resource-efficient and
sustainable in the long term, it is not enough to
document and minimise the resource losses. It is also
important to think about which resources enter the
flow from the beginning, what we choose to produce
from these inputs and where this production should
take place.

Over the next 35 years improving resource efficiency will require many radical new production methods
and products. These may be met with suspicion and
resistance from various groups in society, even if they
are resource-efficient and sustainable – it is therefore
important to promote understanding and acceptance
for them.
Much of today’s resource waste is linked to cultural and behavioural patterns (among both producers
and consumers) and these can be difficult to change.
Creative solutions are needed from both the food
industry itself and the surrounding community.
Resource-efficient commercial opportunities
and improvements relating to the food flow
The project has documented resource flows for food
and identified eight particularly interesting new
resource-efficient commercial opportunities towards
2050. All of them are believed to be promising according to several of the parameters for potential resource
efficiency, economy and implementability.
1. Smarter packaging
Innovation around smarter packaging and materials is resulting in new resource-efficient commercial
opportunities that are relevant to all five stages of the
food flow. Development and use of new packaging
technology, smarter materials, new design and new
packaging functionality are all offering big commercial opportunities for resource efficiency.
The conclusion is that investing in smarter packaging is highly implementable moving towards 2050,
and that they may have a fairly high impact on

Incentives for city farmers
In 2014 California passed the Urban Agriculture
Incentive Zones Act. This new law provides
significant tax relief to property owners who allow
their unused roofs, other spaces or land to be used
for urban production of agricultural crops.
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Figure 11: Commercial opportunities relating to the food flow. The diagram shows resource efficiency ideas with the highest expected
potential in order of priority, where resource efficiency is shown on the x axis, implementability on the y axis and the estimated
financial potential for the area represented by the size of the circles. Please note that the diagram is based solely on estimations from
workshop discussions.

resource efficiency. The financial potential is expected
to be high. One example is how Tetra Pak in tests
has shown that switching from round cans to square
packaging would increase the loading capacity in a
lorry by 14 percent.

The resource efficiency and financial potential here
is expected to be very high. Implementability, on the
other hand, is hard to judge. A cautious estimate is it
that it is low because establishing new values probably requires changing deeply rooted habits.

2. New digital systems for production,
selling, distribution and consumption
Development of new digital tools, such as Big Data,
the Internet of Things, 3D printing and artificial intelligence could, over the next 35 years, revolutionise the
ability to plan, organise and optimise all stages of the
food flow. Incorporating new digital technology at the
business model level could greatly improve profitability and competitiveness for companies.
An investment in digital systems of this type could
have great financial potential and implementability.
The resource-efficiency potential is fairly high.

4. High-tech primary production
Adopting new technology and new production methods may increase food production at the same time
as fewer resources would be used and their environmental impact would be reduced. There are several
promising commercial opportunities here.
In high-tech primary production, resource efficiency
improvement and financial potential, as well as implementability are considered high or even very high.

3. Products and services with sustainable value
Developing food and grocery services with sustainable
value (such as in production methods) is expected to
offer great potential to increase profitability and competitiveness up to 2050.

5. Develop alternatives to today’s meat products
Finding alternatives to today’s meat products is considered an important and promising tool to increase
the Swedish food industry’s resource efficiency, profitability and competitiveness. This could involve establishing “new” sources of protein (e.g. plant-based or
insects), or focusing production on already established
meat varieties that are the most resource-efficient and
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have the least impact on the environment and climate.
Production of beef in particular today is one of humanity’s most resource-intensive and environmentally
impacting processes. Research shows that is it also
one of the foods that is the least profitable and has the
most obvious connection to health risks.62 At the same
time grazing cattle have been identified as a factor
in maintaining other important values such as open
landscape and biodiversity.
Feasible meat alternatives are considered to offer
good potential for resource efficiency of the food flow,
and the implementability of these commercial opportunities is high. The financial potential may at worst
be low, because the alternatives will replace products
that are relatively unprofitable today. If new meat alternatives can bring new value, the financial potential
would rise significantly.
6. Establish Swedish “sustainable alternatives”
Today Sweden imports many foods that are produced
using unsustainable methods in other countries.
Bearing in mind Sweden’s advantages from a technical, infrastructure, water and land resource perspective compared to many parts of the world, there
should be good opportunities for Swedish players to
produce this food in a more sustainable way. This in
itself would reduce the global footprint from Swedish
food consumption, create new export opportunities
and improve Sweden’s competitiveness.
Both implementability and potential for resource
efficiency are considered to be quite high, while there
is moderate potential for financial gain.
7. More stages in re-use and further use
Finding new ways to utilise residual products and
food waste from agriculture, animal production, industry, commerce, the service sector and households
is of key importance in creating a sustainable food
flow from a financial and resource perspective. New
commercial opportunities in this area should emerge
between now and 2050. In many cases these will be
based on establishing partnerships and on resource
cycles – both within the food flow and with other
industries and resource flows.

We consider the resource efficiency and financial
potential to be very high for this type of commercial
opportunity. Their implementability between now and
2050 is at the moderate level.
8. Optimised use of land and water resources
Many people believe that, in a future with more people and a warmer climate, competition for land and
water will increase. Solutions enabling land and water
resources to be used more efficiently and meet several
of societies needs at the same time (such as farming
for food, genetically modified grains and other biomass, or using unused industrial land for fish farming)
will therefore probably be promising foundations for
new business models.
We believe that the resource efficiency potential is
very high here. Implementability is, however, believed
to be moderate to high, since it involves bringing together currently competing interests in society. There
are, however, good examples showing that this is
possible with the help of control mechanisms (see fact
box “Incentives for city farmers” on page 36).
New business models relating to the food flow
The development opportunities relating to new resource-efficient business models in the food flow are
found in several areas, such as establishing new services, circular solutions and new sustainable value. Today
the service segment in the grocery industry is already
growing rapidly, with companies producing ready-prepared food (both in the restaurant and service industries) and companies preparing ready meals for
grocery retailers. Substantial development potential
has been identified here for, among others, companies
that are merging different parts of the food flow (such
as supermarkets operating a restaurant or offering
other food services). Development of new grocery services is likely to also involve finding smarter ways to
sell and distribute food, such as by collecting customer
statistics and performing extensive analysis through
big data, providing customised food through smart
apps and the Internet of Things, and in other ways.
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In the circularity area, development of new business
models is predicted, including models for producing
food from resources that have previously had low or
no market value. There will also be business models in
the future for producing food using unutilised resources from other sectors.
Since the food industry is one of the sectors that has
the lowest profit margins today, future business models will probably, from a purely financial perspective,
also need to involve producing and selling food that
can better carry its costs. One way could be to take
radically bigger steps forward in terms of developing
foods where the consumer is willing to pay more for
products that stand for sustainable values – from
a resource, environmental and climate perspective.
However, we do not want to “punish” sustainable
products by putting a higher price on them.
By selling irregular shaped fruits and vegetables, or
selling food that has just passed its bestby date for a lower price, we can create value from
products that were previously discarded in this sector.
Summary and conclusions
Today waste is generated in all parts of the food flow.
It was estimated that in 2012 Swedish households in
their homes alone threw or rinsed away almost one
million tonnes of food (995,000 tonnes or almost
3,000 tonnes a day). Of this amount just over 98
percent went to incineration, anaerobic digestion and
composting. It is, however, estimated that almost half
(494,000 tonnes) of this “waste” consisted of food
and beverages that could have been consumed.
In all parts of the food flow today there are unknown amounts of waste that are either not being
measured at all or where data is not being published
by those who own the statistics. This is considered a
serious obstacle to improving resource efficiency in the
Swedish food industry. In Swedish saltwater fishing
an unknown number of tonnes are thrown overboard
every year from Swedish fishing boats because the fish
are the wrong type or size. Under an EU law in effect
since January 2014, professional fishermen within the

Insect cities for protein
In 2014 Swedish architecture firm Belatchew
Arkitekter presented its insect city concept, based
on placing insect farms in urban environments.
According to their calculations it would only take
the use of nine traffic roundabouts (500,000 m2) to
produce insect protein equivalent to Stockholm’s
entire food consumption. The insects could be
entirely fed on food waste from the city.

EU are banned from throwing unwanted parts of their
catch into the sea. Swedish fishermen working in the
Baltic Sea were given two years to comply with the
ban.
Several promising solutions have been identified in
terms of new commercial opportunities that can make
the Swedish food industry more resource efficient and
thereby more profitable and competitive:
• Develop new digital technology to increase
productivity and revolutionise how the food
industry plans, distributes and sells its products
and services.
• Establish products and services that are based on
more sustainable and resource-efficient values,
such as new, smarter packaging materials or
alternatives to today’s most resource-intensive
and climate-impacting meat products.
• Develop foods and food production processes
that involve more stages of re-use or further use,
and use resources that have up to now not been
used, for example, waste heat or empty industrial
space.
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New commercial opportunities
between different flows and industries
After the project’s analysis of a number of resource
flows, it became more obvious that there were many
promising commercial opportunities for resource
efficiency in the connections between resource flows.
The project therefore also discussed and analysed
commercial opportunities between different industries
that could combine materials from several different
flows and achieve synergies between different flows
and industries.
It quickly became apparent, however, that business
strategies and methods differ to a great extent from
industry to industry, and that this affects the ability to
create new resource-efficient models:
Basic industry is, for example, typified by heavy processes, which limits the ability to use new technology
where capital-intensive process investments are locked
in. Basic industry’s business models have been economically sound for a very long time. Companies are
used to cyclic markets and are therefore disinclined
to change their business models due to price fluctuation on resource markets. There is also a view that
increased competition for resources is actually an opportunity rather than a challenge for basic industries.
It is also assumed that a possible drop in demand
based on increased resource efficiency will be replaced
by increased demand due to population and economic
growth etc.
Potential material synergies identified by the project
are:
• Plastics from biomass
• Textiles from biomass from the wood industry
• Food inputs or animal feed from forest residues.
Waste heat from industry for food production etc.
Infrastructure, such as buildings, roads and large fixed
installations usually have a long life and only a small
amount of new infrastructure is being built relative
to how much already exists. It is therefore important
to focus on the user phase and make good use of
existing structures. The forest industry wants more
buildings and bridges to be built out of wood instead
of, for example, concrete. From a climate perspective
it is good to lock in wood into long-lasting structures.
But this issue is not being driven very actively in the
infrastructure sector and, consequently, initiatives to

increase wood structures may need to come from the
forest sector.
Potential material synergies identified by the project
are:
• Growing food in urban environments
• Using old tires for road surfaces
• Possible optimisation of incineration plants to
produce ash which, after cleaning, could be used to
replace cement
• Using alternative recycled products as ballast
instead of concrete (because the amount of
concrete in construction and demolition waste
is small compared to the amount of concrete
produced).
Capital goods and durables, such as tools, machinery,
electronic equipment, furniture, white goods and cars,
are intended to be used and depreciated over a longer
timeframe and are not consumed through use, unlike
consumer products or input goods. They are durable
(made of materials such as steel etc.), but involve resource-intensive manufacturing and transport processes, and therefore need to be used a lot and longer in
order to be resource-efficient. On the other hand, newer models of vehicles, machinery etc. are often more
energy-efficient, which means it is better for products
to be replaced often. This contradiction is a challenge
for capital goods.
Potential material synergies identified by the project
are:
• Plastics from biomass
• Commercial solutions between haulage firms and
public-sector players for more resource-efficient
transportation in, for example, infrastructure
projects.
In terms of consumer products, such as clothes,
companies are noticing customer awareness and
pressure from them to improve sustainability and
reduce resource use in production. At the same
time, Swedish companies in the textile industry do
not normally own factories. Instead they purchase
textiles from manufacturers in developing countries
where the control and monitoring requirements are
different. Swedish companies need to set standards
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for their suppliers and work in cooperation with other companies to jointly steer suppliers towards better
resource efficiency and circularity. The consumers,
on the other hand, need to change their buying behaviour towards more sustainable choices, and this
could be promoted through external and long-term
initiatives from companies.
Potential material synergies identified by the project
are:
• Textiles from biomass from the wood industry and
from harvest residues from food production.
In the food industry the prevention of waste is of
utmost importance – in both the producer and sales
part of the chain and on the consumer side. A greater
level of trust is also needed between companies so
that cooperation can take place to reduce waste and
increase recycling.
Potential material synergies identified by the project
are:
• Food, slaughter and crop residues for the textile
industry, energy production or bio-based chemicals
• Food production in unutilised urban spaces, such
as roofs or in empty industrial premises
• Using residual energy (for example hot water)
from other industries in food production
• Better recycling and further use of nutrients
(phosphorus, nitrogen, etc.) from the entire food
flow and from other sectors (such as phosphorus
from the forest and mining industries).
In spite of differences in business strategies and
methods, there are undeniably large and sometimes
groundbreaking commercial opportunities between
flows and sectors. A synergy map has therefore been
produced to illustrate the commercial opportunities
that the project has identified as existing between sectors and industries, see Figure 12. There are examples
of synergies that are already in commercial use, are at
the development stage or predicted to be possible to
establish in the near future. The implementation of the
latter requires:
• Knowledge transfer, research and technology
development
• Changed consumer behaviours and increased
utilisation
• Sector-wide recycling
• Cooperation and synergies.

Need for knowledge transfer,
research and technology development
Technology breakthroughs are needed to greatly
advance resource efficiency and to open up alternative
paths for the future. These types of breakthroughs
happen all the time, and recently, for example, research has resulted in the creation of new materials
such as graphene, new technology for energy storage,
solar thermal collectors etc. have been developed and
system solutions such as the Internet of Things have
emerged.
The cost of research and development for improving
resource efficiency, such as upscaling and using testing
facilities, is a barrier at this time. Due to energy consumption and process emission costs for industries, as
well as climate and environment control mechanisms,
development initiatives are often focused on these
areas.
Basic industry is looking for a common awareness
of the challenges and opportunities that exist to,
among other things, ensure that knowledge transfer
takes place simultaneously involving all industries and
players in ongoing resource efficiency development.
For example, the issue of recycling systems is important with respect to separation in the recycling system
etc. (e.g. in the case of composite material), because
the advances in material and recycling technology are
happening fast. The value of basic industry’s resources, including labour market value, should be highlighted more in a better informed discussion.
On the consumer side, it is important to promote
better knowledge of resource efficiency and the
importance of changing customer behaviour. It is not
enough to merely have the technology – in the energy
area, smart grid technology that balances power supply and demand in a sustainable, reliable and cost-effective way has existed for 30 years. The options also
need to be simple, inexpensive and safe.
Production process technology, such as sensors, can
increase productivity in agriculture or reduce over-dimensioning of materials for products, which is common and costly. For example, the amount of material
used in truck beds could be reduced and ball bearings
could be better dimensioned if wear and tear can be
monitored. Selling services could be combined with
this, and preferably in cooperation with the packaging
industry.
Many industries are using 3D printing, which
can improve resource efficiency in plastics, paper
products, food distribution, capital goods, consumer products and powder steel. The same technology
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could also revolutionise, for example, how buildings
are produced (see the example of the Chinese company Yingchuang in the description of the commercial
opportunities relating to the concrete flow) and in garment manufacturing. This could minimise consumption in production, new material properties could be
created and more sustainable products with a longer
life as well as new remanufacturing possibilities could
emerge. The risk of a rebound effect must, however,
be managed if things are printed more often than is
necessary because it is easy and/or inexpensive.
In the steel industry it would also be useful to
develop technology to replace carbon as a reducing
agent with hydrogen gas, recycled plastic or other
hydrocarbon-rich residual products. Biochar is also a
possibility, although the real effect of carbon dioxide
emissions must be taken into consideration. There is
also a possibility to reduce the amount of reducing
agents through process gas recycling.
Certain materials could be substituted for others
to improve resource efficiency. Steel could sometimes
be replaced by aluminium and carbon fibre, although
substituting high-quality and high-strength steel is
much more expensive today. Aluminium’s potential
depends on how the energy prices develop and, in the
case of carbon fibre, how fast technology development reduces the cost of end production. Big changes
are predicted in paper product use; the transition to
digital media is, for example, reducing demand for
newspaper.
Changed consumer behaviour
and increased utilisation
In the infrastructure and capital goods industries in
particular, optimising utilisation is critical, because the
belief today is that substantial manufacturing efficiency improvement cannot be motivated financially, at
least not in Sweden. Changes in regulated industries
are also associated with long permit processes, affecting the ability to change production environments.
The project believes, for example, that by 2050 land
will be a scarce resource – location is expected to be
more important, as well as local services. Small dense
districts are being built with good infrastructure, roads
and railway connections between them, and with local
services in their own hubs. The network of hubs itself
thus provides the equivalent of big city services.
Food producers and players from other industries
could also coordinate their use of arable land for raw
material production. Unutilised spaces could be used

Congestion or myth?
There is a surprisingly large amount of empty space
for traffic in Stockholm. This was the conclusion of
a report by the Centre for Sustainable Communications (CESC) commissioned by the Swedish Transport Administration. But traffic needs to be better
optimised. In an article in the Dagens Nyheter
newspaper, Anna Kramers and Anders Gullberg –
both researchers at CESC – propose “a digital traffic plan based on an open, integrated information
and payment system for all urban traffic.”64

for food production (such as in California, where tax
relief has been introduced for property owners who
allow their land and roofs to be used to grow food).
The project believes that accessibility to convenient
transit solutions will be the main factor in 2050, i.e.
use of a combination of public transit, variations of
car pools for rent, self-driving cars and other modes
of transport, rather than actual vehicle ownership.
This could provide enormous efficiency benefits. An
analysis by McKinsey & Company shows, for example, that a typical French car spends 92 percent of the
time parked, 1.6 percent looking for a parking space,
1 percent in traffic jams and 5 percent being driven.
Furthermore, the average European car transports 1.5
people per trip, even though it has five seats.63
Digital route plans64 showing the different transport
systems, including prices and timetables, could reduce
the need for new roads and other infrastructure.
In the engineering industry the greatest resource efficiency improvement is expected to come from higher
utilisation of existing machinery – portable equipment
already has higher utilisation among professional users. Utilisation rates among private individuals could
be raised significantly. One good example is ToolPool
hardware in Malmö, which rents out tools free-ofcharge and in doing so, has increased its sales of other
products. In the USA many people use a lawn mowing
services, where a commercial enterprise mows lawns
using large lawn mowers that therefore have a higher
utilisation rate, rather than each individual household
owning a lawn mower. There are many opportunities
to develop service offerings.
Home services and other service solutions could also
be offered to consumers through sharing services, such
as industrial washing machines with a longer lifespan

43

44

NEW COMMERCIAL OPPORTUNITIES BETWEEN DIFFERENT FLOW AND INDUSTRIES

being used more frequently at launderettes. Although
reasonably priced transport and logistics solutions
would be needed. In Sweden today the cost of labour
is relatively high, and it is can therefore be difficult to
make service solutions profitable.
It is evident that clothes are also increasingly being
shared through rental and subscription services,
resulting in individual garments being used more efficiently. Thus, manufacturers have a reason to review
their business models to get involved and generate
servicification revenue streams.
With respect to the use of office space: it is already
becoming increasingly common for people not to have
their own space within an office and instead for all
work stations to be shared (already a concept in active
use, e.g. by Sweden’s innovation agency VINNOVA).
New digital applications can show us how infrastructure is actually being used so that we can increase
utilisation and avoid or reduce traffic jams on roads,
railways or in offices.65 There are cost-saving opportunities here too. For example, today the average
European office is only used 35–40 percent of the time
during working hours, including offices located on
expensive inner-city land.66

Micro-mushrooms from sulphite lye
Paper pulp company Nordic Paper and biotech
company Cewatech are operating a pilot facility to
cultivate micro-mushrooms from the paper mill’s
sulphite lye. The micro-mushrooms could be added
to fish food at fish farms, replacing the fish meal
used today

food waste, and from wood industry waste, harvest
residues and other agricultural products, we could extract cellulose fibres or other materials for the textile
industry (wheat could, for example, become textile
fibre for clothes with a short lifespan). Residues from
the forest and pulp industry (such as bark or lignin)
could be a source of new foods or ingredients. And residual products from the pulp industry could be used
to produce feed for animal husbandry or fish farming.
Cooperation and synergies

Cross-sectoral recycling
To achieve higher resource efficiency in the recycling
system, we need more efficient collection solutions for
different waste fractions than we have today. There
is also a transport dimension involving, for example,
heavy vehicles collecting each fraction separately in city
centres. Better sorting and more traceable resources
from recycling companies could also improve process
efficiency and the value of the recovered resources. The
recycling industry has the potential to improve efficiency in both the collection system and the recycling
processes. In this area, re-use is in general often more
resource efficient than recycling. We need applied, sector-specific resources, as in many other areas.
Agricultural waste, food waste or residues from
the forest and pulp industries could be used to a
greater extent to make packaging materials or in the
production of bioenergy (as biogas). Phosphorus for
agriculture could be recovered from the forest industry’s felling waste, which is incinerated for bioenergy production, including around 7,500 tonnes of
high-quality phosphorus a year. It should be possible
to recover up to 60,000 tonnes of phosphorus from
slag products from iron ore mining.
Dyes for the textile industry could be extracted from

The often considerable size of the basic industry
companies (compared to companies in many other
industries) may be a challenge, but could also be an
opportunity, because they have a good understanding
of systems that can promote synergies. Basic industry
is expected to convert, in varying degrees, to other
processes and products than those produced today.
The bio-based chemicals industry is highly interesting in this regard as a traditional industry that is
now encountering many new, technical possibilities
in competition for the use of wood raw material,
and between new and traditional products (such as
bio-based carbon fibre). The increased inclusion and
use of recycled materials is also interesting (such as
more recycled steel being used in steel production).
Transformation processes like these can incentivise
companies to re-evaluate their existing business models in traditional basic industry.
Better cooperation between different players is often highlighted as a success factor in innovation and
value chains, such as industrial symbiosis (see fact
box) between manufacturing companies, and design
collaboration relating to recycling, re-use and remanufacturing. Independent research institutes could be
the catalyst for this type of collaboration. Smaller
flows could also be highlighted and create value, and
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open innovation could be supported in collaboration
between academia, players in the value chain and
potential competitors. One challenge, according to
project participant companies in the consumer product and food industries, is the lack of transparency
and trust between companies.
The paper, glass and plastics industries could work
in cooperation with the consumer product sector to
develop sustainable packaging that can be recycled,
re-used, eaten or repurposed (for example for toys,
storage, etc.). The consumer product sector could
work with the steel industry to use recycled steel as an
input in production (where the same level of durability is not required in industrial production). For example, textile companies need to collaborate with the
recycling industry on more efficient recycling systems.
Systems need to be built for cooperation between
different companies and industries to use production waste as resources (e.g. steam, energy, etc.). The
private and public sectors, universities and researchers should receive support to start innovative cluster
networks to study and develop technology, new
materials, material flows, distribution, transport and
recycling, regardless of sector affiliation. Incentives
should also be provided for short-term and longterm collaboration between suppliers, companies
and partners in the entire value chain for increased
resource efficiency, competitive advantages and for
win-win situations for all involved. A digital marketplace could be created for coordinated logistics

All-in-one street lighting
and mobile broadband
Ericsson and Philips have developed The Zero
Site which combines street lighting with mobile
broadband in urban environments. This system
integrates bass stations into street lights, providing
better broadband access and lighting at the same
time, while reducing the need for additional
infrastructure.

Symbiotic networks
As basic industries often have large process flows, their secondary flows may be less relevant to them. But these flows may
have significant value for smaller companies. More and more businesses are working together today to increase resource
efficiency through symbiotic networks. In these networks, primary industrial players exchange residual products, residual
heat and information with each other and in doing so make better use of and consume less primary energy and virgin raw
materials. This also improves resource efficiency throughout society and creates opportunities for new enterprise.
Finland has already established an initiative for local industrial symbiotic networks in several locations in the form of
FISS (Finnish Industrial Symbiosis System). CrisolteQ in Harjavalta, for example, shares lab space with other companies,
while Tyynelän maanparannus in Imatra provides waste recycling services to forest companies in the area, such as Stora
Enso and Metsä Fibre.67
In Denmark the city of Kalundborg was built based on symbiosis, and the UK has the National Industrial Symbiosis
Programme (NISP). One Swedish example of a marketplace for secondary building materials is Kompanjonen, where
contractors’ used and unused building materials are sold on.
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Figure 13: Flow chart of the Swedish phosphorus flow. Statistics from the Swedish Environmental Protection Agency report
Hållbar återföring av fosfor (Sustainable recycling of phosphorus), 2013.
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systems, enabling companies to find the transport
solution closest to their location.
In the capital goods and durables sector more
cooperation is needed between technology fields.
Inspiring examples are the creation of batteries for
the storage of solar energy for buildings and vehicles
(Tesla) and the development of new fuels that are not
based on the fossils industry (Audi which, in cooperation with Global Bioenergies, has produced synthetic petrol without using crude oil).68
Industries that manufacture capital goods and durables could be given further incentives to collaborate
with basic industries to produce input goods such as
steel that is stronger and lighter.
A case study: Cross-sectoral commercial
opportunities relating to phosphorus69
We could take phosphorus as an example to show
the opportunities for cross-sectoral collaboration. A
supply of phosphorus is essential for all farming and
animal husbandry. Today, while Sweden meets most of
its phosphorus needs by importing it from other countries, only a fraction of the phosphorus that leaks out
from production waste and down drains is recycled
back for use in Swedish fields. A serious shortage of
phosphorus is predicted at the global level.
Several potential ways to improve access to and
recycling of phosphorus are already being discussed:

Phosphorus from the sea
A Swedish company called
Teknikmarkad has developed a
dredging method that makes it
possible to extract phosphorusrich organic material from
eutrophicated sea beds and use it
in fields as fertilizer.

Photo: Marcus Gustafsson

• Reconstruct sewage systems to enable the
extraction of clean phosphorus
• Use the phosphorus in manure more efficiently
• Extract phosphorus from residual products from
the mining and forest industries
• Extract phosphorus from bottom sediment and
water volumes in the Baltic Sea.
The potential for resource efficiency improvement
from creating a sustainable system for recycling
phosphorus for agriculture is considered to be very
high. Implementability is, however, expected to be
low or moderate because certain measures (such as
reconstruction of drains) will probably be very costly
and will therefore make phosphorus expensive. The
latter could be remedied through tax relief or control
mechanisms to reduce the cost of sewage treatment.
Estimates show that three times the Swedish food
flow’s annual phosphorus requirement (close to
60,000 tonnes) is unutilised every year in residual
products from the Swedish forest and ore mining
industry. An estimated additional 2.6 to 3 million
tonnes of phosphorus are believed to be stored or
dissolved in Swedish ore deposits, or in bottom
sediment and water volumes in the Baltic Sea. The
phosphorus flow connected to food production and
waste also needs to be examined and managed much
more efficiently.
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Conclusions
The fact that we are today over-exploiting several of
our eco systems is a major challenge for our global society. It is time to find new ways to manage the Earth’s
resources. One step in the right direction is to think in
new ways about sustainable commercial opportunities and profitability to improve efficiency in resource
management. It is time for a paradigm shift.
We need a vision and a strategy for resource efficiency and innovation that will bring growth, improved profitability, jobs and an inclusive society, but
that will also still stay within nature’s limits. This will
enable us to focus on Sweden’s interests, while making
Sweden more competitive and remaining at the forefront of development. In this report we have presented
a contribution to such a process, with a clear focus on
the environmental and resource efficiency aspects of
the three aspects the sustainability: economic, social
and environmental.
In order to manage our resources in an efficient way,
we need an overview; a system perspective of the flows
in society. This project focuses on Sweden’s flows, but
in time we will need a system perspective for the EU
and global flows as well. The reason is that we can
never achieve efficient resource management without knowing the quantity of resources that are in the
system in society and where they go. Many companies
are focusing on improving resource efficiency in their
own processes, but we need to expand this to include
resource efficiency improvement between companies
and industries at the local, national and global levels.
Based on the picture that has emerged of the flows
the project has examined, we can see the extent of
knowledge gaps with respect to several of the resource
flows. As long as we have no comprehensive overview
of the situation – even if it is not a completely accurate one – we will not be able to fully understand how
products and control mechanisms affect the resource
flows in society. Furthermore, we need clear goals
towards which the market forces in society can aim.
Another important issue in this context is how we are
managing vulnerability in society – there are insufficient strategies for this as well.

biomass, concrete, steel, textiles and food. In studying
biomass, questions were asked about how much extraction forests can tolerate, and what is the best use
of the raw materials. Although Sweden has a well-developed forest industry and forest raw materials are
used efficiently today, the future possibilities for an
emerging bioeconomy are huge.
Concrete is a low-price material, and once it is built
into buildings and other infrastructure, the material
normally remains in place in the same state for a very
long time. This means that the key resource efficiency
measures for concrete involve increased use of existing
concrete infrastructure by, for example, by sharing
offices and other spaces.
The Swedish steel industry – a top global supplier of
advanced steel – must have reliable access to Swedish
iron ore, limestone and imported alloys. Technical development and research are expected to make it possible to
extract alloys from slag and steel in recycling processes.
In the textile flow, there is at least 50 percent waste of
raw materials in garment production. This mainly occurs in the spinning and cutting processes. Cotton production is expected to peak, because the land is needed
to produce food and for forests. There is a potential to
reduce waste in material selection and cutting as early
as the design phase. Around 100,000 tonnes of clothes
end up among household waste every year. Only an
extremely small percentage of textile fibres are recycled
for use in new textile production.
The amount of waste in the food industry is huge.
Sometimes we hear that we will need to produce
much more food in the future to satisfy a growing
population. The question should perhaps instead be:
How can we make the best possible use of the food
already being produced?
Estimates show that three times the Swedish food
flow’s annual phosphorus requirement goes unutilised
every year in residual products from the Swedish forest
and ore mining industries. Sweden is entirely dependent
on imported phosphorus today.
New commercial opportunities

Perspectives on the flows
To gain an understanding of the opportunities and
challenges associated with the flows in Sweden, the
project has identified and documented five flows:

Based on this project’s analysis, the challenges that
emerge need to be turned into solutions and concrete commercial opportunities. Technical innovation and development for products and processes is
key. Technical breakthroughs are needed to greatly
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advance resource efficiency and to open up alternative
pathways into the future. Radical efficiency improvement is often based on new technical solutions in, for
example, IT, energy and transportation.
Innovation processes do not only need to be stimulated from a technical perspective; it is equally important to focus on innovation for business models and
systems. These business models then need to allow
and drive continued technical development and innovation. Design for recycling, re-use and reprocessing
needs to be part of producing a product to close the
resource cycle and extend the life of the product.
In the case of some flows, the key issue is how to
make use of waste, for example in primary production,
food consumption or garment production. For input
goods – which come first in the production chain – it
is important to connect the entire flow, from basic
industry to end-consumption and recycling, to create
resource efficiency incentives right at the start. In other
sectors, such as capital goods and infrastructure, intensifying the utilisation of finished products is key.
In all sectors it is important to use renewable resources, non-toxic cycles and a life-cycle perspective
to the greatest extent possible, and to find ways to
intensify utilisation. This could be done by (as mentioned above):
• Using materials that are recyclable. Waste should
also be regarded as a resource and the cycle must
be non-toxic.
• Optimise product manufacturing by enabling production waste to be recycled and used.
• Optimise the use of products by creating sharing
platforms, selling services based on the use of
products (servicification) and promoting the creation of second-hand markets to increase utilisation.
• Extend the life of products through repair and
renovation, and use modules to improve product
performance.
• Remanufacture and reprocess products for a
second life instead of throwing them away and
producing new ones.
• Switch from physical to virtual products, such as
e-books and e-services for music.
An important aspect to improving resource efficiency
is providing information to consumers to ensure that
products are consumed and used more sustainably
and more of them are re-used or recycled. For a better

effect, a system perspective should be applied and
cooperation established between customers and companies, and between the various companies involved in
the lifecycle of the products. For example, companies
that sell textiles could work with laundry detergent
suppliers and washing machine manufacturers to show
consumers how best to care for their products for improved resource efficiency and a longer product life.
Cooperation and synergies
Synergies between sectors and industrial symbiosis are
natural extensions of a system perspective on society’s
resource flows. In a resource-efficient society, waste or
residual products from one industry must be used as a
resource in another. Up to now, much of the resource
efficiency improvement has been done within companies or possibly within industries. Now we need to
bring together resource flows and industries so that
they can benefit from each other’s waste and residual
products. According to some experts large-scale organisations may encounter competition from small-scale
solutions, such as in future energy and food production.
An intensified discussion is needed in our society on
a transformation to a more resource-efficient economy.
More players need to take a comprehensive look at
what needs to be done in the long term to handle this
transformation, and more people need to understand
the necessary steps in order to get where we want to be.
The project process going forward
Based on this and the previous report, as well as
new and advanced input from seminars, workshops
and work group meetings, the IVA project Resource
Efficient Business Models – Greater Competitiveness
will present a third and concluding report at the beginning of 2016. This time the focus will be on control
mechanisms and policy recommendations for political
and other decision-makers. The objective is to find the
best way forward to realise the common vision of the
companies, government agencies, organisations and
researchers participating in the project for Sweden as
the leading nation for a clean and resource-efficient
society in 2050, and to examine how we can reduce the
obstacles and create incentives for the private sector to
achieve this vision.
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The focus of Resource Efficient Business Models – Greater
Competitiveness is the vision of Sweden leading the way as a clean and
resource-efficient society. Goals for Sweden:
• Promote the emergence of new commercial opportunities with builtin resource efficiency to maximise the value of resources. The project
will also highlight examples of business models for resource efficiency in
various industries.
• Identify policy recommendations and incentives for a transformation to a
resource-efficient economy and create a platform for continued dialogue
between the private sector and political sphere.
The project is being run by the Royal Swedish Academy of Engineering
Sciences (IVA), an independent academy whose mission is to promote the
engineering and economic sciences and the advancement of business and
industry for the benefit of society. In cooperation with the business community and academia, IVA initiates and proposes measures and actions that will
improve Sweden’s expertise and competitiveness. See also www.iva.se

in co-operation with

