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Innovations for a Sustainable Resource Use – 
Reflections and Proposals

This short, argumentative paper reflects the necessity and the spectrum of possible modes of policy 
intervention for sustainable resource use. The focus is on material productivity and its environmental, 
economic and employment advantages. A variety of possible interventions along the supply chain is 
being discussed. A new phenomenon of “policy acceleration” is described using the “experiment” 
of climate policy in Germany as an example. Are there lessons to be drawn from climate policy? It is 
time for a more ambitious policy. However, taking the complexity of material flow management into 
account trial and error still may be important.

Artikulu honetan baliabideen erabilera iraunkorra egiteko ezar litezkeen eskuhartze-politiken beha-
rrizan eta aldaerei buruzko hausnarketa egin da. Materialen produktibitatea aztertu da sakon, eta 
ingurumenean, ekonomian eta enpleguan dituen onurak aipatzen dira. Hornikuntza-katean egon li-
tezkeen esku-hartze ugari aztertu dira. «Azelerazio politikoa» izeneko fenomenoa deskribatu da, Ale-
maniako politika klimatikoaren «esperimentua» aztertuz. Garaia da asmo handiagoko politika klima-
tiko eta ingurumen-baliabideen politika egiteko. Hala eta guztiz ere, material-fluxuen kudeaketaren 
konplexutasuna aztertzean, oraindik ere garrantzitsua da proba- eta errore-eredua.

En este artículo se reflexiona sobre la necesidad y variedad de posibles políticas de intervención 
para un uso sostenible de los recursos. Se profundiza en la productividad de los materiales y en 
sus beneficios para el medio ambiente, la economía y el empleo. Se analizan diversas intervencio-
nes posibles a lo largo de la cadena de suministro. Se describe el fenómeno llamado de «acelera-
ción política» empleando como estudio de caso el «experimento» de la política climática de Ale-
mania. Ha llegado el momento de elaborar una política climática y de recursos ambientales más 
ambiciosa. Sin embargo, a la hora de analizar la complejidad de la gestión del flujo de materiales, 
sigue siendo importante el modelo de prueba-error.
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1. INTRODUCTION

The current economic crisis is essentially 
a crisis of resource-intensive industrial mass 
production based on cheap resources. The 
success story of this model in the 20th 
century has come to its end.

This development does not come 
unexpected and it has been discussed already 
in the early seventies (Meadows, 1972). 
Nearly nothing is new in the discussion as 
far as the limits to resource-intensive growth 
are concerned. Already in the early 1970s, 
material flows have been critically analysed 
in terms of environmental deterioration, even 
in the Soviet Union. According to Gofman, 
Lemeshev and Reimers (Gofman et al., 
1974), in Soviet Russia 98.6% of the material 
inputs into the production processes have 
been wasted before consumption. (The 
break-down of the SU was in part due to an 

extremely inefficient use of resources – this 
may have been an early warning also for the 
“Western countries”).

Possible solutions to meeting the 
challenge of resource-intensive growth 
have been known for similarly long time. 
Already in 1974, the Japanese MITI 
proposed a model of resource-efficient, 
knowledge intensive and environmentally 
fr iendly industr ia l  production. Later 
on this MITI vision has influenced the 
concept of “ecological modernisation” in 
Germany (Jänicke, 1984, 2008). Already 
in 1978, the German Advisory Council 
on the Environment (SRU) stressed the 
“economic advantage“ of a “resource 
saving environmental policy“; “…technical 
innovations induced by environmental 
policy“ were seen as an opportunity “for 
more efficient production processes“ and 
“improved products“ (SRU, 1978).
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However, the respective shift of paradigm 
has taken a long time. Today —finally— it 
has become a mega-trend (Jänicke, 2008). 
“Eco-efficient innovation“ has become a 
core concept in the EU. The concepts of 
a “Green New Deal“ or a “Third Industrial 
Revolution“ (UNEP, 2009; Rifkin, 2008) 
symbolize the breakthrough of the old idea 
of resource-efficient and environmental-
friendly production and consumption.

One could ask why realizing such a trivial 
idea has taken so much time?

2.  DIMENSIONS OF MATERIAL FLOWS: 
ENVIRONMENT, PRODUCTIVITY 
AND EMPLOYMENT

2.1. Environmental Impacts

Material f lows rest at the core of 
resource use. Starting point here is the 
fact that „more than 95% of the resources 
lifted from nature are wasted before the 
finished goods reach the market. And 

many industrial products —such as cars— 
demand additional resources while being 
used“ (Technopolis, 2008). This is also 
the central issue of the environmental 
discourse. Material flows from mining to 
waste management are associated with 
related flows of energy use, transports, 
water and land use. All these carry 
environmental impacts from emissions and 
waste to the loss of species and functions 
of the eco-system (Figure 1). Only a part of 
these impacts is subject to environmental 
protection. Also in this regard, reducing or 
substituting material flows very often is the 
best preventive solution.

ven with without scarcity of material 
resources there is an ecological necessity 
to use resources in a more sustainable way.

2.2.  Resource Productivity 
and Labour Productivity

Innovations in the context of sustainable 
resource use are legitimised not only 

Figure 1

Environmental impacts of material flows
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by environmental impact of extensive 
use or potential scarcities of resources. 
The traditional mechanism to increase 
productivity via substituting labour with 
cheap energy has reached its limits too. 
Although there has always been some 
increase in energy and material productivity, 
throughout the history of industrialism, 
the main focus has been put on labour 
productivity. Even in times of increased 
cost for materials, this priority has remained 
unchanged. In the German industry for 
example the (high) material costs have 
steadily grown (Figure 2). Nevertheless, the 
focus was on labour costs.

In the 21st century we need a new 
sustainable model of productivity which 
increases resource-efficiency without the 
destructive effects on both, labour and the 
environment.

2.3.  A Booming Industry 
of Eco-Efficient Resource 
Management

In the last few years it has become clear 
that there is a high potential for employment 
if we focus on eco-efficient resource 
management. A strategy for sustainable 

Figure 2
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resource use can have multiple positive 
effects on employment: It typically creates 
“green jobs” in the eco-tech industry, 
reduces production costs and can lead 
to increased competitiveness. It may also 
change investment priorities from labour 
productivity to resource productivity; 
a change which could be supported by 
changes in the tax system.

“Green  jobs”  and  the  g row ing 
environmental industry are the new promise 
in the present crisis. This is plausible, 
because the importance and the dynamic 
of this kind of economic activity have been 
underestimated by far. This underestimation 
is not only caused by insecurities of 
definition or lack of statistical data: The 
main reason is the fact that there are not 
only specialised producers of environmental 
technologies (the environmental industry). 
Within the environmentally intensive sectors 
such as chemical or car industry there is a 

similar tendency to react to environmental 
pressure by internal innovations, including 
resource management or eco-design in 
terms of life-cycle assessment (LCA). There 
are far more “green jobs” than the jobs 
which are provided by specialised eco-
industries such as waste management 
or power from renewable energies. In 
case of a full integration of environmental 
considerations into product design and 
LCA, it would be difficult to discern a 
special “environmental industry”. Counting 
“green jobs” in different sectors is at least 
an additional option.

The environmental industry needs 
differentiation also in another direction: 
actually, this industry has two faces as 
far as resource productivity is concerned. 
On the one hand there are (1) producers 
of pollution control technology (services 
included). On the other hand (2) producers 
of eco-efficient technology offer means for 

Table 1

Green jobs-Insecure estimations

— USA: >5.3 Mio green jobs in 2005. 
 Obama is planning 5 Mio more jobs.
 9.1 Mio. in 2007: Mainly Energy efficiency

— EU-27: >3.4 Mio. in 2004
 WWF (2009): Additional 5 Mio. indirect jobs

— Germany: >1.8 Mio. in 2006

— UK: 0.9 Mio. 2007/8, 1,3 planned (2017)

— Japan: 1.4 Mio. 2.2 Mio. planned 2020 (2009)

— South Korea: 1 Mio jobs 2012

Sources: UNEP 2009, Reuters 2009, BMU 2009, WWF 2009, ASES/MISI 2008, Ernst & Young 2006.
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a better resource management (Ernst & 
Young 2006). Traditional pollution control 
or “end-of-pipe” treatment can be highly 
effective and also highly innovative as far 
as certain pollutants are concerned. For 
example, sulphur dioxide in coal power 
stations can be reduced by more than 
90%. But the necessary desulphurisation 
technology needs additional resources 
(lime). Carbon Capture & Storage (CCS) 
could similarly reduce CO2 emissions in 
coal power stations, however it would 
significantly reduce the resource efficiency 
of the power production. Generally, end-
of-pipe treatment has rather negative 
effects on resource productivity. (b) This 
is where the resource management 
part of the eco-industry is different: The 
positive environmental impacts of resource 
management are caused by the reduction 

of resource use. In other words, its 
contribution to productivity is generally 
positive.

It is important to know that the boom 
of the environmental industry in Germany 
and other OECD countries comes from the 
resource management part of this industry 
(Figure 3).

3.  THE ROLE OF ECO-EFFICIENT 
INNOVATIONS

Innovation management is central to 
the model of eco-efficient resource use. 
Eco-efficient innovation or ecological 
modernisation is a necessary condition for 
long-term industrial growth if critical external 

Figure 3
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damage shall be prevented. In a world 
of limited resources and sinks, industrial 
growth has to be “neutralised” by better, 
more eco-efficient technology. This is an 
imperative which cannot be ignored in 
the long run because from time to time 
it becomes manifested by environmental 
crises, protests or high damage costs. Since 
this imperative is associated with long-term 
industrial growth the technical improvement 
must be permanent – comparable to the 
increase of labour productivity. Long-term 
industrial growth needs eco-innovations 
at ever higher levels. The present crisis of 
resource-intensive growth and the danger 
of catastrophic climate change have given 
an additional urgency to eco-innovation: 
today, there is a particular necessity to 
increase the intensity, scope and speed of 
eco-innovation. In other words, the specific 
improvement of eco-innovations should 
be more than incremental, for example to 
overcome rebound-effects. Their diffusion 

should be global and not restricted to niche 
markets. The speed of the innovation and 
the learning process (e. g. cost reductions) 
should be as high as possible. This is more 
than the market can offer.

Environmental innovations are essentially 
“pol icy-driven” (Ernst/Young, 2006). 
Eco-innovations aimed at overcoming 
the present crisis depend even more on 
government intervention. They depend on 
pioneers and national trend-setters, which 
exert competitive pressure on others. The 
good news is that countries with a high 
political and technological capacity can take 
advantage of being more ambitious than 
others.

It is the imperative of eco-innovation as 
a condition of long-term industrial growth 
that has become a strong motor of global 
markets. And since this imperative is 
permanent and growth-related, this kind of 
market has a calculable long-term future. In 

Definitions

— “Ecological modernisation“ is the innovation and diffusion of marketable technologies 
which provide both, environmental and economic benefits through more efficient use 
of resources. The concept includes supporting policies and services. The core idea is 
to “green” the logic of competitive modernisation which is inherent in capitalist market 
economies (Jänicke, 1984, 2000). Ecological modernisation is different from “end-of-pipe 
treatment” (or pollution management) which has no positive impact on resource use.

— Eco-efficient innovation, a synonym, is the creation and diffusion of new competitive 
goods, processes and services designed to preserve or improve the environment with a 
minimal life-cycle use of natural resources (see also Megapolis 2008 - EuropeINNOVA / 
EC, 2006).

— The Green New Deal essentially refers to a forced political strategy for eco-
efficient modernisation implying a new role of government. It could also be defined 
as a strategy to increase systematically the intensity, scope and speed of eco-
innovation.

Source: Own elaboration.
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other words, the process of eco-innovation 
is not only driven by urgent pressure for 
change. More and more the advantages of 
green markets have become visible. Eco-
efficient innovation has become a dimension 
of competition. The present boom of eco-
friendly technology comes late but it is not 
at al incidental. This is also true regarding 
the learning processes of governments 
on how to use eco-innovation in stimulus 
programmes or how to succeed in global 
regulatory competition for climate-friendly 
technologies.

4.  GOVERNANCE FOR SUSTAINABLE 
MATERIAL USE

4.1.  Using the Present Crisis, Riding 
on Mega-Trends

So far governments have not been in a 
strong position to start a Green New Deal 
and to implement ambitious strategies for 
sustainable development. Nevertheless, 
there are strong drivers that could be used 
and supported by government policies:

The most important driver is the present 
crisis of the model of mass production 
based on cheap resources. This crisis has 
been induced by rising prices of material 
resources and with environmental problems, 
the most dangerous being climate change. 
It also has to do with the challenge of 
globalisation without global government. 
Crises can be perceived as pressure for 
change. And indeed, the crisis mechanism 
has become a strong motor of change and 
innovation. This can be observed not only 
in the field of energy and climate policy. Not 
least, the crisis of global government has 
supported policy learning in the direction 
of concerted actions of governments. 
Pioneer countries play an important role 

here, as policy innovators, trend-setters and 
challenging competitors. There are indeed 
strong drivers and trends to improve global 
and national governance that can be used 
and strengthened.

4.2. General Policy-Design

Governance for eco-efficient innovations 
generally depends on the policy-design as 
well as on the optimal points of intervention. 
There has been broad research on the 
general policy-design for eco-innovations 
(Ekins/Venn, 2006; Ashford et al., 1985; 
Jänicke et al., 2000; Klemmer, 1999; SRU, 
2008; Technopolis, 2008). Each eco-
innovation may need as special treatment. 
But some general insights can be derived:

(1) Ambitious, broadly accepted and 
reliable targets are a necessary condition. 
The reliabil ity of targets depends on 
credib le implementat ion measures. 
If targets are not ambitious there will be 
no innovation. (2) A flexible policy mix 
supporting the innovation cycle from 
invention to innovation to diffusion and back 
to invention is the next necessary step. 
Regarding invention, support for R&D is 
essential from the beginning onwards. The 
dynamic of the process strongly depends 
on successful support of the diffusion of a 
new environmentally friendly technology. 
This is a necessary condition for the 
learning process i.e. cost reduction and 
technical improvements. This feedback 
of the innovation cycle can be forced by 
government policy. To give an example: 
when the red-green German government 
after 1998 started with a massive market 
support for renewable energy, an explosion 
of new patents for these technologies could 
be observed. (3) There is no single ideal 
instrument available in environmental policy. 
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As a rule a policy-mix will be necessary. 
Eco-innovations need a “multi-impulse 
approach” (Klemmer, 1999). For many 
reasons however both, the price mechanism 
(taxes, charges, certi f icates, market 
incentives) and regulation (e. g. dynamic 
standards) play an important role within 
the policy-mix. The price mechanism can 
provide general incentives to support certain 
general tendencies. Specific regulation can 
mobilise specific innovation potentials and 
it can help to overcome specific obstacles. 
The example of the Japanese dynamic top-
runner regulation has shown remarkable 
specific improvements. However rebound 
effects sometimes have reduced the 
general effect of energy-efficiency increase. 

This could be counteracted by taxes. In 
addition, instruments such as dynamic 
labelling, green public procurement, EMAS, 
et cetera typically play a supportive role 
within the policy-mix. (4) Finally, clusters 
and competent inclusive networks have 
proven to be important in the process of 
innovation.

4.3. Points of Policy Intervention

The points of intervention to stimulate 
eco-innovation have become an important 
topic part icular ly in the debate on 
resource management: we have learned 
that the designers and producers of final 

Figure 4

Governance of material flows/Points of intervention
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products (cars, food, or buildings) are the 
gatekeepers of material flows within the 
supply chain. Eco-design in terms of life-
cycle assessment has become a strategic 
concept for eco-efficient management 
of both, products and processes. Final 
producers and also retailers possess the 
ability to influence material flows through 
their demand – a direct influence, which 
governments will never have (although 
their indirect influence on the framework 
conditions may be essential). “Greening” 
the demand by manufacturers or retailers 
is comparably easy because it is mainly the 
supplier who carries the burden of technical 
change.

There are several possible points of 
intervention along the supply chain up to 
final waste management (Figure 4). Eco-
innovation can take place at all stages.

The first stage of the supply chain is 
mining (or the import of resources). At first 
sight this seems to be the optimal point of 
intervention, particularly if input-taxes are 
concerned. Taxes on sand in Denmark are 
an example. For many reasons however 
taxes on mining have proven to be difficult 
in terms of politics. A new field of possible 
intervention is “urban mining”, which can 
provide new kinds of resources from urban 
infra-structures or products in the final 
stage of their “life”. However, except for 
construction materials, it is not subject of 
general resource management so far. Here 
we need a better knowledge base.

At the stage of basic industr ies, 
incentives to use (and to improve) recycled 
materials may be a possible instrument. The 
construction sector in Germany for example 
has a high recycling rate. However the 
use of recycled materials for new buildings 
is still quite insufficient. This depends on 

innovation. The potential for new materials 
is not restricted to recycling. Using coal as 
raw material instead of burning it may be 
cited as an example.

Beyond the already mentioned stage of 
manufacturing, marketing and demand-
side management offer room for potential 
improvement. It may be the second best 
point of intervention, because here relevant 
actors can be addressed: the retailers, the 
public administration (green procurement) 
and the business sector and its demand 
which can be influenced e. g. by EMAS and 
ISO rules. The role of consumers should not 
be overestimated. They have no control over 
the process (Megapolis, 2008) and their 
capacity for concerted action is generally 
low. There will not be an alternative to 
calculable general government rules for the 
suppliers. Nevertheless consumers play 
an important role and their information and 
acceptance is a necessary condition for any 
demand-side strategy.

The final stage of waste management has 
for a long time been the preferred point of 
intervention. We have learned that this often 
meant no more than fighting symptoms. 
Resource management in terms of LCA 
however certainly has to include this stage. 
Recycling or take-back rules, for example, 
play an important role in this context.

Con t r a r y  t o  t he  o l d - f ash i oned 
“instrumentalism” in environmental policy 
—with its endless search for a single 
optimal instrument (Jänicke, 1996)— we 
need a broad spectrum of instruments, 
as mentioned above. There is not only a 
broad spectrum of points of intervention in 
resource management. It is also open to 
a multi-impulse strategy (Klemmer, 1999). 
Such a strategy does not rely on one single 
strong impulse (e. g. taxes which may be 
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“high enough” but not feasible in terms of 
politics). Instead it relies on a plurality of 
impulses at different points.

We still need some trial and error to 
optimize this management strategy for 
material flows. The knowledge base of 
energy-flow management is by far better. 
Here we have longstanding experience, 
which includes the role of international 
concerted action. Here we are also 
experiencing a breakthrough of substantial 
innovations. Are there lessons for material-
flow management to be drawn from present 
energy and climate policy? I will shortly 
discuss this in the context of the German 
climate policy since 1998.

4.4.  “Policy Acceleration”: Lessons 
from Climate Policy?

Cl imate  po l icy  in  Germany has 
tradit ional ly been or iented towards 
technological innovation. Since 1998 it has 
been explicitly conceived as “ecological 
modernisation” (e.g. in the coalition treaty). 
The Kyoto target was ambitious (21% GHG 
reduction, 1990-2012). Its fulfilment was 
particularly difficult because not only fossil 
fuels but also nuclear energy had to be 
reduced. To a certain degree this policy 
can be interpreted as an experiment. Only 
a few points of its best practice may be 
mentioned in this context (without any 
differentiation).

The German climate policy experiment 
has become a success story, both in terms 
of ecology and economy. The Kyoto target 
has been surpassed already in 2007. The 
expansion of green power has surpassed 
its target too. And the economic success 
is manifested by a fast growing, highly 
competitive “climate protection industry” 

of about 5-6% of the GNP. According to 
studies the cost balance of the present 
climate programme will end with a surplus 
(BMU / UBA, 2009).

The applied policy was a goal-oriented 
multi-impulse strategy using economic and 
regulatory core instruments (eco tax, feed-in 
tariffs, emission trade, but also standards) 
within a broader policy mix. There have 
been several policy measures with different 
points of intervention. Most important: the 
policy started with an ambitious target which 
was not only credible and agreed upon 
across party lines, but it was also followed 
by effective market support for climate-
friendly technologies. This successful 
diffusion of new technologies caused a 
dynamic feed-back of the innovation cycle 
(Fig. 5): there was an explosion of new 
patents for renewable energies after 1998. 
The speed of the innovation process could 
be observed e. g. regarding energy-efficient 
buildings. Here the technological potential 
evolved from “energy-efficient heating” to 
“low energy houses” to “passive houses” 
and finally to “plus-energy houses”, which 
even supply power for an electric car.

This feed back of the innovation cycle 
could have been expected as far as the 
learning curve was concerned. However 
something was new. We may call it “policy 
acceleration” which could be described 
as follows: (a) an ambitious policy starting 
with a certain technological potential of 
improvements, (b) a process of innovation 
and diffusion stimulated by this policy 
leading to (c), a higher technical potential 
of improvement and to market success 
of domestic innovators, which finally 
suggested even stricter policies (d). It must 
not be mentioned that such a development 
tends to increase the general public 
acceptance. Here another example may 
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be given: There was a broad campaign 
in Germany against both, the eco-tax 
(2001???) and the Renewable Energy 
Law. However the success story of both 
instruments finally has made this opposition 
irrelevant. Today nobody wants to repeat 
these counter arguments.

Eco-efficient management of material 
flows is a more complex field of action 
compared with energy and climate policy. 
The materials as well as their prices, 
options and subsequent problems are often 
quite different. However, as a first step, the 

public discourse could be improved. The 
general environmental impact of material 
flows (including the related flows of energy, 
water etc.) would be better perceived if 
discussed in the context of resource 
productivity. Including the tax system 
with its negative impact on employment 
would provide the third strong argument 
in this discourse. Based on a better, more 
targeted public debate a goal-oriented 
multi-impulse approach to eco-efficient 
resource management —combining general 
economic incentives with specific dynamic 
regulation— could play at least a similar 

Figure 5
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role as in energy/climate policy. Instead of 
a “green tax” (often stimulating a too narrow 
ecological discussion) a general “resource 
efficiency tax” on products (or their weight) 
would be preferable. It should be partly 
used to reduce social security contributions 
and partly recycled to increase resource-
productivity in the same sector. Starting with 
a low tax rate may be necessary to take 
public resistance into account. Regarding 
specific regulations the European eco-
design policy for products in terms of LCA 
points into the right direction. However, 
more ambitious targets for selected 
goods are necessary. Even tentative strict 
targets could be helpful if they are open 
to be revised according the success of 
their implementation. Specific regulation 
is necessary both, to overcome specific 
obstacles and to use specific opportunities. 
Dynamic regulation and dynamic labels 
are required to push technologies beyond 
the present state of art. Long-term targets 
should make clear that the innovation 
process will be going on. Selective market 
support for certain products is required 
to create success stories. Stimulating 
markets for resource-efficient products as 
well as market competition are necessary 
conditions for policy acceleration. It must 
not be mentioned that a good infrastructure 
for research and development is the basis 
for all this.

Finally, as in climate policy it may be 
helpful to support national policies both, 
by international policy co-ordination and 
by creating an international policy arena for 
pioneers and trend setters of sustainable 

resource use. There is also a lesson to 
be drawn from EU climate policy: strict 
green regulation of the European market 
not only has stimulated eco-innovation 
and competitive advantages. It has forced 
other countries and foreign firms to adapt 
to European policies. This has created a 
regulatory dominance of the EU which has 
become a strong driver for the diffusion of 
advanced policies.

5. CONCLUSION

It is time to be more ambitious regarding 
the eco-efficient management of material 
flows. The reason is not only the present 
crisis of resource-intensive industrial growth. 
The good news is that increasing material 
productivity beyond the normal trend will 
provide co-benefits in many other policies: 
from energy, climate and environmental 
policy to employment and the general 
competitiveness of the national economy. 
Material productivity will surely become 
a dimension of international competition 
comparable to energy efficiency. Therefore 
more ambitious targets together with 
market incentives and/or dynamic regulation 
for domestic (lead) markets make sense, at 
least in countries with advanced innovation 
capacity. A process of policy acceleration 
could be stimulated for certain products. 
Trial and error and specific R&D activities 
will be necessary - as always if innovation 
is concerned. However, without ambition 
there will be neither dynamic technological 
innovation nor policy success in the long 
run.
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