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Sirkulær økonomi
The closed economy of the future might 
similarly be called the "spaceman" 
economy, in which the earth has become 
a single spaceship, without unlimited 
reservoirs of anything, either for extraction or 
for pollution, and in which, therefore,  
man must find his place in  
a cyclical ecological system…
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Kenneth E. Boulding, 1966, “The Economics  
                of the Coming Spaceship Earth” 
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Paul Hawken
1993
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The “first” Green Executive?
• 1985: “I never gave one thought to what we took 

from or did to the Earth, except to be sure we 
obeyed all laws and regulations.” 

• 1994: Was asked about his vision. Read Ecology of 
Commerce, “Hawken’s message was a spear in my 
chest that remains to this day.” 

• “Only 3% of products we manufacture have value 
after 6 mnths!…We’ve built a disposable world.  
While business is part of the problem, it can also be 
part of the solution”

• 2000: To be the first company that, by its deeds, shows 
the entire industrial world what sustainability is in all 
its dimensions: people, process, product, place, and 
profits – by 2020 – and by doing so we will become 
restorative through the power of influence. 
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Cradle-2-Cradle
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Michael Braungart, 
William McDonough

2002
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Hva er nytt nå???
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EUROPEAN 
COMMISSION  

Brussels, 2.12.2015  
COM(2015) 614 final 

  

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN 
PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL 

COMMITTEE AND THE COMMITTEE OF THE REGIONS 

Closing the loop - An EU action plan for the Circular Economy 
 

EU 2030:
• recycling 65% of municipal waste;
• recycling 75% of packaging waste  
• binding landfill target to reduce landfill  

    to maximum of 10% of municipal waste
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Tomra: Driving the resource revolution
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A MARKET LEADER IN ALL ACTIVE MARKETS...

RECYCLINGFOOD MININGREVERSE VENDING MATERIAL RECOVERY

Market share: 
~75% 

Market share: 
~60%

Market share: 
~40-50% *

Market share: 
~55-65% 

Market share: 
~40-50%

60% 40%

* In total food (incl. rice and lane sorting): 12-15%
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Cambi
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“Poop-to-power”
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15ca 400mNOK/år

Årsresultat kNOK

Source: www.purehelp.no
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Agrinos’  HYTTM products: 

Agrinos’  biologicals products  improve  farmers’  
productivity, profitability and sustainability 

HYTTM B 
L-amino acid complex 
biologically extracted 
from a natural source 

 

HYTTM C  
Micronized chitin 
biologically extracted 
from a natural source 
 

HYTTM A 
Microbial ecosystem 
with naturally occurring 
beneficial microbes 

HYTTM products applied to soil and plant improve: 

• Crop yield and quality 
• Crop resilience 
• Fertilizer and other agricultural input efficiency 
• Soil fertility 

FOURTH QUARTER AND FULL YEAR 2012  ROAD SHOW PRESENTATION   |   18 
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Biovotec has acquired the IP rights and 
know how to a unique, low cost in line 
egg membrane/egg shell separation 
process presently erected in Norway at 
Nortura

Eggshell membrane is now available at 
industrial scale

400+ egg cracker plants 
world wide

Producing an estimate of  

600.000 t
of eggshell residue / year

Egg cracker partner

Supplying 
eggshell residue/year

Activated 
membrane

100 million
Wound dressings
From one Eggcracker

Biovotec activates the “raw egg shell 
membrane” in its facilities in Ireland

Inexpensive, effective and scalable raw material supply allows for low product cost!
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CO2 EMISSIONS FROM FUEL COMBUSTION Highlights (2016 edition)  -  9 

INTERNATIONAL ENERGY AGENCY 

1. KEY TRENDS IN CO2 EMISSIONS 
FROM FUEL COMBUSTION 

The growing importance of 
energy-related emissions 

Climate scientists have observed that carbon dioxide 
(CO2) concentrations in the atmosphere have been 
increasing significantly over the past century, com-
pared to the pre-industrial era level of about 280 parts 
per million (ppm). In 2015, the average concentration 
of CO2 (399 ppm)1 was about 40% higher than in the 
mid-1800s, with an average growth of 2 ppm/year in 
the last ten years. Significant increases have also  
occurred in the levels of methane (CH4) and nitrous 
oxide (N2O).  

Energy use and greenhouse gases 
The Fifth Assessment Report from the Intergovern-
mental Panel on Climate Change (Working Group I) 
states that human influence on the climate system is 
clear (IPCC, 2013). Among the many human activities 
that produce greenhouse gases, the use of energy rep-
resents by far the largest source of emissions. Smaller 
shares correspond to agriculture, producing mainly 
CH4 and N2O from domestic livestock and rice culti-
vation, and to industrial processes not related to  
energy, producing mainly fluorinated gases and N2O 
(Figure 1).  

                                                        
1. Globally averaged marine surface annual mean expressed as a mole 
fraction in dry air. Ed Dlugokencky and Pieter Tans, NOAA/ESRL 
(www.esrl.noaa.gov/gmd/ccgg/trends/).  

Figure 1. Estimated shares of global  
anthropogenic GHG  

 

* Others include large-scale biomass burning, post-burn decay, peat 
decay, indirect N2O emissions from non-agricultural emissions of NOx and 
NH3, Waste, and Solvent Use. 

Source: based on IEA estimates for CO2 from fuel combustion and 
EDGAR 4.3.0 and 4.3.2 for non-fuel combustion CO2 and 4.2 FT2010 for 
all other sources; for 2010; based on 100-year Global Warming Potential 
(GWP).  

Within the energy sector2, CO2 resulting from the oxi-
dation of carbon in fuels during combustion domi-
nates total GHG emissions. 

CO2 emissions from energy account for the largest 
share of global anthropogenic GHG emissions,  
representing over three quarters of emissions from  

                                                        
2. The energy sector includes emissions from “fuel combustion” (the 
large majority) and “fugitive emissions”, which are intentional or un-
intentional releases of gases resulting from production, processes, 
transmission, storage and use of fuels (e.g. CH4 emissions from coal 
mining). 

Industrial 
processes 

7%

Agriculture          
11%

Others*    
14% 
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9%
1%
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CO2 Energy 68%
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Sirkulær økonomi er én del av løsningen
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Globale CO2-utslipp etter sektor
Source: IEA, CO2 emissions from fuel combustion.. Highlights
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The challenge of decoupling was stressed in a recent report to the G7 meeting in Tokyo, May 
2016, by IRP (the International Resource Panel). According to IRP, past trends show 
consistently increasing global resource use. IRP refers to a report by UNEP (2011b) 
estimating “that the amount of materials extracted and used globally – including ores, 
minerals, fossil fuels and biomass – increased 8-fold between 1900 and 2005.” This was twice 
the rate of population growth, but somewhat less than the rate of GDP growth, which has been 
estimated to have increased at least 19-fold, at constant prices, over the twentieth century (De 
Long, 1998). These statistics therefore present long-run evidence of “relative decoupling” of 
material extraction from GDP. However, such relative resource decoupling does not entail an 
absolute reduction in resources used. On the contrary. The figure below shows trends in 
material extraction and GDP from 1970 to 2015, illustrating that material extraction has 
continued to increase strongly. Indeed, according to more recent data, since the year 2000 
material extraction appears to have grown at a faster rate than GDP – suggesting the 
possibility of “recoupling” if this trend persists.  

Global material extraction in billion tons, and global GDP in trillion US dollars 2005 prices, 
1970-2015. 

 

Source: Material extraction data from UNEP (2016a), GDP data from UNSD (2015). 

The explanation for this apparent ”recoupling” given by the IRP is the following:  

”The recent fall in overall global material productivity occurred because of a global shift of 
production from countries with high material productivity to countries with much lower 
material productivity. This is the result of rapid industrial transformation in many parts of the 
developing world. Thus, whilst the higher and increasing MP of G7 countries may be partly 
due to a more economically efficient use of materials in these countries, it may also be caused 
by structural shifts away from heavy industry and manufacturing, and towards service-based 
activities. Economies with an increasing share of services and imported manufactured goods 
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in trillion US dollars 2005 prices, 1970-2015. 
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Source: Material extraction data from UNEP (2016a), GDP data from UNSD (2015). 
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606 G. Calvo et al. / Ecological Indicators 60 (2016) 603–610

Fig. 2. Tonnes of fossil fuels imported and tonnes of non-fuel minerals imported and exported in Europe from 1995 to 2012.

Fig. 3. Physical imports, exports and material trade deficit (exports–imports) for the EU-28 from 1995 to 2012.

Fig. 4. Sankey diagram for the European mineral balance for 2001 and 2011. Data are expressed in tonnes (t).
Source: British Geological Survey (2014).

Materialflyt i EU: Mineraler

21

Source: Calvo & Valero (2016) 
“Material Flow for Europe”

606 G. Calvo et al. / Ecological Indicators 60 (2016) 603–610

Fig. 2. Tonnes of fossil fuels imported and tonnes of non-fuel minerals imported and exported in Europe from 1995 to 2012.

Fig. 3. Physical imports, exports and material trade deficit (exports–imports) for the EU-28 from 1995 to 2012.

Fig. 4. Sankey diagram for the European mineral balance for 2001 and 2011. Data are expressed in tonnes (t).
Source: British Geological Survey (2014).

All numbers 
in tonnes
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En Sol-rik Fremtid!
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23Source:  https://cdn.shopify.com/s/files/1/0196/5170/files/1x-1-4_grande.png?17431883176360799082
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Grønn Vekst

Sol & vindkraft 2006 - 2050, i GWel
25
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Grønn Vekst

5 store grep mot 2050

1. All kraft fra sol & vind til kraft!

2. Elektrifisere all transport!

3. Isolasjon og el-varme til bygg & industri!

4. Overgang til karbon-bindende landbruk og skog-fornyelse

5. Sirkulær industri (inklusive CO2-fangst)

26
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Grønn Vekst

Hva er grønn vekst?

• “Grønn vekst” er økning i den type 
økonomisk verdiskaping som gir 
lavere samlede miljøbelastninger

27Kilde: Stoknes, 2013, BI senter for klimastrategi

kr

tonn

kr

tonn

• “Brun vekst”er produktivitets-
forbedringer hvor samlet miljø-
belastning øker på tross av 
effektivisering

Rp > G 

Rp < G 
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The challenge of decoupling was stressed in a recent report to the G7 meeting in Tokyo, May 
2016, by IRP (the International Resource Panel). According to IRP, past trends show 
consistently increasing global resource use. IRP refers to a report by UNEP (2011b) 
estimating “that the amount of materials extracted and used globally – including ores, 
minerals, fossil fuels and biomass – increased 8-fold between 1900 and 2005.” This was twice 
the rate of population growth, but somewhat less than the rate of GDP growth, which has been 
estimated to have increased at least 19-fold, at constant prices, over the twentieth century (De 
Long, 1998). These statistics therefore present long-run evidence of “relative decoupling” of 
material extraction from GDP. However, such relative resource decoupling does not entail an 
absolute reduction in resources used. On the contrary. The figure below shows trends in 
material extraction and GDP from 1970 to 2015, illustrating that material extraction has 
continued to increase strongly. Indeed, according to more recent data, since the year 2000 
material extraction appears to have grown at a faster rate than GDP – suggesting the 
possibility of “recoupling” if this trend persists.  

Global material extraction in billion tons, and global GDP in trillion US dollars 2005 prices, 
1970-2015. 

 

Source: Material extraction data from UNEP (2016a), GDP data from UNSD (2015). 

The explanation for this apparent ”recoupling” given by the IRP is the following:  

”The recent fall in overall global material productivity occurred because of a global shift of 
production from countries with high material productivity to countries with much lower 
material productivity. This is the result of rapid industrial transformation in many parts of the 
developing world. Thus, whilst the higher and increasing MP of G7 countries may be partly 
due to a more economically efficient use of materials in these countries, it may also be caused 
by structural shifts away from heavy industry and manufacturing, and towards service-based 
activities. Economies with an increasing share of services and imported manufactured goods 
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challenges in competition /
environmentally friendly rehabilitation

The C2C process of continuous improvement

Michael Braungart

McDonough & Braungarten, 2013 The Upcycle

More good
not just less bad!

Future
Now
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Gamle travere - 1
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Circular Case: Global Paper flows

32

Towards the Circular Economy: Accelerating the scale-up across global supply chains44

Figure 24: Proposed materials classes with different 
starting points: each requires a different action plan

Go to scale starting with signature materials

Because the position at the outset is different for each type 
of material, and each category comprises a large set of 
materials, a first step would be to pick a signature material 
from each category as an example. Different players will 
then find it easier to collaborate on specific materials 

across industries and geographies. The findings that result 
at a systems level will often be highly transferable to other 
materials in the same category. After establishing proof of 
concept and initial flagship successes for these signature 
products, the stakeholders can then roll out the solutions to 
other materials in a given category. This will be much faster 
than if they tried to cover all the materials in a category at 
once. 

A detailed map of current flows is the first milestone, 
identifying and quantifying materials leakages at the ‘pain 
points’ for each material. The next would be developing 
targeted initiatives to address these leakage points, putting 
solutions in place (at a systems level) to capture the value 
quickly. These sets of initiatives would ideally create large, 
pure and constant materials streams that are economically 
attractive, catalysing global liquid markets for their reverse 
cycle networks. Experts around the globe were interviewed 
for this report, providing unique insights into the potential of 
circular flows in each of these groupings.

 - Paper and cardboard is an excellent candidate for a 
signature material in the ‘Golden Oldies’ category. It 
is already collected in large quantities, traded globally 
and recycled using well-established technologies (with a 
global recovery rate of 49% and up to 78% in Japan—
Figure 25). The challenge in paper recycling is minimizing 
the loss of fibre and fibre quality during processing. One 
aim of the initiative would be to minimize the inflow of 
pollutants into the materials stream. Another would be to 
exchange best practice on how to maintain the desired 
properties over multiple recycling loops (or at least to 
identify options for maintaining the highest use form in 
the downcycling cascade). 

Example H
ig

h 
 

vo
lu

m
e

 H
ig

h 
co

lle
c-

tio
n 

ra
te

 

H
ig

h 
qu

al
ity

 
of

 r
ec

ov
er

ed
 

m
at

er
ia

ls
 

Current picture 

Trigger points E
m

er
gi

ng
 

te
ch

no
lo

gi
es

1  
 

Golden 
Oldies 

PET 
Metals 
Paper 
Glass 

 Enhancing
purity of
recovered
materials  

 ( ) 

Rough 
Diamonds 

Carbon 
dioxide 
Food waste 

Scaling up
technologies
and applications  
Embedding
in reverse system 

Embedding
in reverse system 

( )  ( ) 

Future 
Block-
busters 

3D printing 
materials 
Bio-based 
materials 

 Standardizing
emerging materials 
Scaling up
technologies
and applications  

 

High 
Potentials 

Other
polymers 
including PP  
and PE 

Concrete 

( ) Improving
collection rate 
Enhancing
recovery quality 

 ( )  

( ) 

 

  

379 mT 203 mT 
16% 61 mT Primary virgin 

based  

54%
 

Primary  
recycled based 

By-products  
(e.g. black liquor) & loss 

during digestion 

Mixed 
115 mT 30% 

Sawdust/chips 

Pulp for uses 
other than paper 

150 - 200 million m3 

49%  

140 mT 

 55% 
 

 60% 

250 - 300 million m3 

51% 

300 - 350  
million m3 

 40% 

Virgin fibre
614 million m3 

 45% Pulp for 
 paper 

15 % 

Sawlogs & other 
wood products  

Woodfuel 

933 million m3 

1,850 million m3  

491 million m3  
Pulpwood 

57% 

28% 

3,275 million m3  
Wood 
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1 Technologies for recovering quality that are able to scale up quickly 
Source: World Economic Forum and Ellen MacArthur Foundation circular economy team

Source: RISI, FAOStat, McKinsey analysis, expert interviews

Figure 25: Fibre flows in the pulp and paper value chain—recovered fibre is responsible 
for almost 50% of pulp supply for paper and cardboard

WEF 2014, “Towards the Circular Economy: Accelerating the scale-up” 
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35Towards the Circular Economy: Accelerating the scale-up across global supply chains

Addressing these challenges will require a concerted effort, 
taking a systems perspective along the entire reverse 
process. Improvements in one area are likely to entail positive 
economic benefits in others. As an illustration, Renault has 
formed a joint venture with a steel recycler to collect materials 
for recycling from their plants and other sources of end-of-
use parts. The JV gives Renault greater control of the 
materials flow: they know the materials composition from the 
start, and can thus ensure higher quality. Ricoh, as 
mentioned, is one of the few companies to operate a closed-
loop system at a global level. They start with the design, 
creating and manufacturing their products with the aim of 
remanufacturing and recycling. The company can control 
and manage the five main types of value leakage just 
discussed as a result, maximizing the efficiency of their 
resources.94

Materials quality across multiple cycles cannot yet be 
maintained at or near virgin level using existing 
manufacturing and reverse-cycle processes. In paper and 
cardboard making, the bonding properties of the fibres 
weaken each time they are recycled, leading to decreased 
paper strength, especially tensile and burst strength, 
elasticity and folding endurance. By the sixth cycle, tensile 
and burst strength have typically dropped by 30% and 
elasticity by 20%.89 This lowers the paper grade. To raise it, 
it requires mixing with a larger share of virgin fibres. The 
situation is similar for cotton, a polymer of cellulose, and 
many other materials.90

As materials proliferation continues to increase, so do the 
challenges. The rapid introduction of new materials often 
outpaces advances in infrastructure to cope with and 
accommodate them in reverse chains. In the US, plastic 
waste sent to landfill tripled to 11.3 million tonnes in 2008 
from just 3.4 million tonnes in 1980, whereas total waste 
shrank by 16% in the same period.91 Plastics and their 
applications have proliferated faster than recovery systems 
have adapted. 

The compound leakage of economic value because of these 
challenges is substantial. Even in purer materials streams 
such as PET and paper pulp, the value loss due to quality 
degradation and materials loss due to processing is 
significant. With PET, the current low quality allows no more 
than 20 to 30% of the recycled material to be used in bottles 
and 50% in thermoformed products.92 If higher quality could 
be achieved by improving manufacturing, collection and 
recovery processes, the amount of recycled content in 
downstream applications would increase significantly (up to 
50% in bottles and 70% in other applications). This would 
amount to additional materials savings of US$ 4.4 billion per 
annum [Figure 20]. In paper recycling, up to 30% of fibres are 
lost during de-inking and removing of fillers and coatings—a 
materials loss worth US$ 32 billion globally per annum.93

Millions of Tonnes (2010)1 
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1 PET is grouped into 3 main categories based on IV grade
2 Some speciality films (X-ray films) have a dedicated reverse supply chain

Source: McKinsey analysis; SRI; CMAI; TECNON; expert discussion

Figure 20: Global PET flow—a large amount of PET collected from bottles is used in other applications 

WEF 2014, “Towards the Circular Economy: Accelerating the scale-up” 
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Figure 24: Proposed materials classes with different 
starting points: each requires a different action plan

Go to scale starting with signature materials

Because the position at the outset is different for each type 
of material, and each category comprises a large set of 
materials, a first step would be to pick a signature material 
from each category as an example. Different players will 
then find it easier to collaborate on specific materials 

across industries and geographies. The findings that result 
at a systems level will often be highly transferable to other 
materials in the same category. After establishing proof of 
concept and initial flagship successes for these signature 
products, the stakeholders can then roll out the solutions to 
other materials in a given category. This will be much faster 
than if they tried to cover all the materials in a category at 
once. 

A detailed map of current flows is the first milestone, 
identifying and quantifying materials leakages at the ‘pain 
points’ for each material. The next would be developing 
targeted initiatives to address these leakage points, putting 
solutions in place (at a systems level) to capture the value 
quickly. These sets of initiatives would ideally create large, 
pure and constant materials streams that are economically 
attractive, catalysing global liquid markets for their reverse 
cycle networks. Experts around the globe were interviewed 
for this report, providing unique insights into the potential of 
circular flows in each of these groupings.

 - Paper and cardboard is an excellent candidate for a 
signature material in the ‘Golden Oldies’ category. It 
is already collected in large quantities, traded globally 
and recycled using well-established technologies (with a 
global recovery rate of 49% and up to 78% in Japan—
Figure 25). The challenge in paper recycling is minimizing 
the loss of fibre and fibre quality during processing. One 
aim of the initiative would be to minimize the inflow of 
pollutants into the materials stream. Another would be to 
exchange best practice on how to maintain the desired 
properties over multiple recycling loops (or at least to 
identify options for maintaining the highest use form in 
the downcycling cascade). 
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1 Technologies for recovering quality that are able to scale up quickly 
Source: World Economic Forum and Ellen MacArthur Foundation circular economy team
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Figure 25: Fibre flows in the pulp and paper value chain—recovered fibre is responsible 
for almost 50% of pulp supply for paper and cardboard
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4 kriterier:
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http://www.protoprint.in/index.php
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Grønn Innovasjon

Grønn strategi-trappen

utvendige

husrengjøring

driftsomlegging

leverandørkrav

produktportefølje

forretningsmodell
kompleksitet

 organisering

 effekt
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Grønne innovasjoner  
og Sirkulær Økonomi

 ytre  indre
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Green Growth

• The resource revolution represents the 
biggest business opportunity in a 
century. 

• Businesses that can deliver dramatic 
resource-productivity improvements at 
scale will become the great companies 
of the 21st century

• However, success requires new 
approaches to management.

McKinsey v/ Heck & Rogers, 2014

40
McKinsey & co

“Biggest business opportunity”
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Green Growth

Konklusjoner Sirkulær Økonomi
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1. Er ikke nytt, men tar av først nå i EU.

2. Fins flere lønnsomme norske selskaper allerede

3. Sirkulær-økonomi er viktig del av overordnet grønn-vekst løsning

4. Økt lønnsomhet fra gamle travere til fremtidens supermaterialer
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Grønn Vekst

EFMD

Executive Master of Management

EFMD

MASTER OF MANAGEMENT

Grønn vekst

Lære mer om 
Grønn Vekst?

mer info: www.bi.no/grve 

følg på twitter: @estoknes
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