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Abstract 
 
Resource productivity refers to the efficiency of using natural resources to 
produce goods and services within the economy. In the past, increasing 
labour productivity has been the main strategy to use scarce and expensive 
labour more efficiently and therefore to allow for further economic growth 
and competitiveness. More recently, resource productivity has gained im-
portance with the aim of better using scarce resources and subsequently 
enabling further economic growth. EU’s resource productivity increased by 
27% from 1.43 EUR/kg in 2002 to 1.81 EUR/kg in 2013. 
 
The aim of this scoping study is to provide an overview on literature findings 
showing how resource productivity affects labour productivity and employ-
ment. After a short conceptual explanation of the relationships considered, 
we present the historical trends of labour and resource productivity and their 
main determinants. We analyse the effects of resource productivity on 
growth, resource use and in particular on employment. In the end we provide 
some theoretical considerations and recommendations on how to better 
integrate resource productivity into economic models and into economic 
policy making.  
 
Empirical evidence confirms that positive net effects of improved resource 
productivity on GDP arise, if the benefits of higher productivity levels out-
weigh the costs of achieving greater efficiency. The production structure and 
the elasticity of substitution between input factors are important in determin-
ing the effects of resource productivity improvements on employment.  
 
For an appropriate assessment of its impacts on growth and employment it 
is not only necessary to adequately integrate resource use/productivity, but 
also to address the economic mechanisms associated with drivers of re-
source productivity in the modelling framework.  

The evaluation of the consequences of augmenting resource productivity for 
employment presents a considerable challenge. Our study reveals that there 
is a strong link between resource productivity and employment. High levels 
of employment are usually accompanied by high levels of resource produc-
tivity.  

However, potentials, costs and benefits will have to be evaluated from the 
very beginning and the compensation of the losers may have to be part of 
the agenda.  
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1 Introduction/Motivation 
 
The aim of this scoping study is to provide an overview on literature findings 
showing how resource efficiency affects labour productivity and employment. 
Due to the broad scope of this topic we integrated all relevant questions in a 
storyline that provides an insight on the links between all aspects addressed. 
The approach is centred on economic growth and incorporates the influ-
ences of the production factors (capital, labour and resources) as well as the 
impact of their productivities on growth. To some extent, the relations be-
tween the productivities and the production factors are also taken into ac-
count. 

1
 

 
This document is structured as follows: After a short conceptual explanation 
of the relationships considered, we present the historical trends of labour 
and resource productivity and their main determinants. We analyse the ef-
fects of resource productivity on growth, resource use and in particular on 
employment. In the end we provide some theoretical considerations and 
recommendations on how to better integrate resource productivity into eco-
nomic models and into economic policy making. 
 
 

2 Definitions 
 
In order to interpret and compare the results, the exact meaning and defini-
tion of the indicators must be clear. From the review one can conclude that 
the literature dealing with resource efficiency/productivity is fragmented, 
sometimes uses different definitions and misleading terms and conceptual 
unity is missing, which seems to hinder knowledge transfer within academics 
and from academics to policy makers (Besco 2014). 
 
 

2.1 Resource productivity and resource efficiency 

The literature review focuses on the indicators resource productivity as well 
as resource efficiency. Although these two terms are often used synony-
mously, they do not mean the same thing.  
 
Resource efficiency focuses typically either on augmenting economic out-
put with a given resource input (increasing resource productivity), or on min-
imising resource input with a given economic output (decreasing resource 
intensity); or sometimes on both (as in the case of Factor x). Besides the 
amount of resource use, resource efficiency also covers the consumption of 
natural resources in relation to economic benefits and environmental im-
pacts. This is reflected in “A resource-efficient Europe – Flagship initiative 
under the Europe 2020 Strategy“ (EC 2011), which aims at both decoupling 
resource use from GDP growth as well as decoupling environmental impacts 
from resource use (AMEC/BIO 2013). 
 
Resource productivity is the efficiency of using natural resources to pro-
duce goods and services within the economy (Bleischwitz 2010). In analogy 
to labour productivity it describes the relation between economic outputs in 
monetary terms and a physical indicator for material or resource inputs 
(OECD 2010). The monetary component refers to the economic gains 
achieved through efficiency.  
  

                                                      
1
 This scoping study summarises the most important findings. More detailed information can be 

found in the scientific background report of this study. 

Resource produc-
tivity is defined in 
analogy to labour 
productivity. This 
study focuses on 
material productiv-
ity 
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While the definition of resource productivity in general includes among oth-
ers water, land, biodiversity and ecosystem services, in this scoping study 
resource productivity is defined as material productivity. Materi-
als/material resources comprises biotic materials/biomass (from agriculture, 
forestry, fishery and hunting as well as biomass products) and abiotic mate-
rial resources (metal ores and metal products; non-metallic minerals and 
mineral products; fossil energy materials/carriers used for energetic and 
non-energetic purposes) that are used in production processes or for energy 
production. As fossil fuels are also materials, they are also part of this scop-
ing study. 
 
Depending on the scale of interest, resource productivity can be calculated 
at different levels. At the macro level (for whole economies), for example, 
GDP (Gross Domestic Product) is usually applied as the economic variable, 
while at the meso-level GVA (Gross Value Added) is most commonly used.  
 
In general, economy-wide material flow analysis (MFA) is applied to 
quantify the level of material and resource use. Thus, for representing the 
physical indicator for material or resource inputs different MFA indicators can 
be used. Physical and monetary input-output tables are used to relate 
the economy-wide resource requirements to sectors and/or to different cate-
gories of final use that are responsible for material use (Bleischwitz et al. 
2007).  
 
On the micro level, where resource productivity can either be quantified by a 
product-based or a company-based approach, resource productivity is not 
always related to economic output but can also be connected to the use 
(service units, mechanical output) of the produced goods and services (Ble-
ischwitz et al. 2007). Data on the level of firms is typically not available on a 
MFA basis.  
 
There are also several related indicators that are commonly used. The con-
cept of the ecological rucksack measures the hidden material use of a 
product expressed in tons of any material, which is extracted, processed, 
transported or deposited during production of the given product and its 
transport to the point of sale (Schmidt-Bleek 1999, Lettenmeier et al. 2010). 
 
The material footprint (MF) provides a measure of the cradle-to-cradle 
material input needed to generate a service or benefit (Lettenmeier et al. 
2010), while at the macro level the MF is defined as “the global allocation of 
used raw material extraction to the final demand of an economy. In contrast 
to indicators of standard economy-wide material flow accounting, which are 
based on apparent physical consumption the MF does not record the actual 
physical movement of materials within and among countries but, instead, 
enumerates the link between the beginning of a production chain (where raw 
materials are extracted from the natural environment) and its end (where a 
product or service is consumed)” (Wiedmann et al. 2013). 
 
 

2.2 Other concepts of productivity  

Labour productivity means the quantity of production obtained per unit of 
labour, which can be represented by the number of hours worked, the num-
ber of employees or the number of employed persons (employees plus other 
categories). In general, the number of hours worked is the most used de-
nominator (Ovidiu et al. 2011). In this sense, labour productivity can be ex-
pressed as the product of working hour productivity and average working 
hours per capita. It rises with increasing labour productivity per hour and 
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decreases with reduced working hours (Hinterberger et al. 2013). Labour 
productivity can be determined for total production (e.g. GDP) or gross value 
added. 
 
Capital productivity measures the level of output (in €) obtained for each 
euro invested in manufactured capital. Capital productivity indicates how well 
this capital type is used in providing goods and services. An increase of 
capital productivity means that for a given level of production less capital is 
needed. 
To estimate the capital stock used in a production process, the literature and 
empirical analyses recommend several methods: the flow of productive ser-
vices provided by an asset in the production process, the gross stock of 
capital obtained by cumulating the investment flow, adjusted by the rate of 
removal from service of capital goods, or the net stock of capital obtained by 
correcting the gross stock of capital (Ovidiu et al. 2011). 
 
Total factor productivity (TFP) covers different production inputs (or fac-
tors) and thus enables the identification of distinct contributions of labour, 
capital, intermediate consumption and technology/efficiency to the final 
product. It measures productivity more comprehensively; however, it is also 
more difficult to calculate (Hinterberger et al. 1999). 
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3 The storyline  
 
Due to the relatively broad scope of this study it seems helpful to integrate 
all relevant questions in a storyline that shows the “red thread” and provides 
an insight on the links between all aspects addressed. The approach is cen-
tred on economic output/economic growth (measured in Gross Domestic 
Product – GDP or Gross Value Added - GVA) and incorporates the influ-
ences of the production factors (capital, labour and resources) as well as the 
impact of their productivities on growth. To some extent, the relations be-
tween the productivities and the production factors are also taken into ac-
count.   
 
 

3.1 Drivers of economic growth 

In neoclassical economic theory, economic growth is mainly described by 
labour, capital (factor expansion/accumulation and productivity growth) and 
a residual that cannot be explained by the amount of inputs used in produc-
tion, usually referred to as Total Factor Productivity (TFP). TFP refers to the 
shift in the production function for a given level of production inputs. In fact, 
any factor which is not identified individually within the production function 
will cause TFP to rise, e.g. technical innovation, organisational or institution-
al changes, changes in factor shares, changes in labour skills, scale effects 
or variations in work intensity. Estimates show that more than half of eco-
nomic growth can be traced back to TFP (see e.g. Allianz Dresdner Eco-
nomic Research 2008), which means that the components of TFP are main 
determinants of growth

2
. One of these growth sources are increases in re-

source use, another is the productivity of using all production factors, labour, 
capital, and resources. The question is to what extent growth comes from 
improved resource productivity and what the implications are when resource 
use is treated as separate input factor. 
 
Resource use has long been neglected in economic theory and has entered 
the stage only recently. However, for providing adequate policy advice, it is 
important to take into account natural resources as an input factor in the 
production process and to make explicit the role of resource productivity for 
economic growth.  
 
The following figure illustrates in broad terms the main driving forces of eco-
nomic output (measured in terms of gross domestic product (GDP) for the 
whole economy and in terms of gross value added (GVA) on the sectoral 
level). It shows that the production factors labour, capital and resource use 
directly affect economic growth, while the productivities of these production 
factors influence their relationship with economic output. The arrows from 
the productivities do not directly point to GDP/GVA, but to the arrow that 
shows the relationship between economic output and the production factor. 
“+” indicates positive relationships. It has to be borne in mind that economic 
output also affects the quantity and quality of the input factors. 
 

  

                                                      
2
 TFP accounted for some 80% of factor-related growth in the early growth theory of Solow; the 

use of more sophisticated models has reduced the share to roughly 20% (Bleischwitz, 2001). 

Labour, capital 
and resources are 
important drivers 
of economic 
growth 
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Figure 1. Illustration of the basic impacts of production factors and productivities on 
GDP/GVA 

 
Source: Own illustration 

 
 
Although capital productivity is an important driver of economic growth, this 
scoping study focuses on the role of resource and labour productivity.  
 
From a supply-side perspective, long-term economic growth is on the one 
hand determined by an increase in working population and/or rising labour 
productivity (e.g. through better education or improved technology).  
 
In the past, the main strategy to increase labour productivity has been to use 
scarce and expensive labour more efficiently and therefore to allow for fur-
ther economic growth and competitiveness. On the one hand, as labour 
productivity is often related to higher labour intensity and stressful working 
conditions, a further increase in labour productivity may become problematic 
in some sectors (e.g. care and education), but is still important for others 
(e.g. manufacturing) in order to remain competitive. On the other hand, re-
source productivity has gained importance recently, with the aim of better 
using scarce resources and subsequently enabling further economic growth.  
 
Capital investment plays a crucial role to achieve cost reduction in the other 
two factors: labour and materials. For example, (substantial) economic in-
vestment will be needed to achieve increases in resource productivity. Thus, 
the question of capital productivity is especially crucial for ecological invest-
ments and investments in natural capital. The rates and periods of return for 
such investments are likely to be ‘less productive’ in conventional terms 
(Jackson 2009). 
 
The decision which of the other two factors should be targeted largely de-
pends on the relative price of labour and materials. Whereas wages rise in 
real terms when the economy grows, in the past material costs have usually 
increased slower than labour costs. For this reason, companies have prefer-
ably invested in technologies reducing labour costs, irrespective of the effect 
on material costs. These processes have clearly counteracted the trend of 
resource productivity (ibid.). 
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Figure 2 summarises the main aspects and their relationships with regard to 
labour and resource productivity.  
 

Figure 2. Labour (productivity) and resources (productivity) as drivers of growth. 

 
Source: Own illustration 

 
 

3.2 The role of labour and resource productivity increases to im-
prove the conditions for growth 

 
As outlined above, labour productivity and resource productivity are both 
important determinants of growth, both on the level of a single enterprise as 
well as from a macroeconomic point of view. The challenge for any enter-
prise is to efficiently manage the simultaneous use of resources, labour 
and capital in order to create added value and thus income. 
 
Economic policy therefore tries to create favourable framework conditions 
that efficiently use these production factors. From a sustainability point of 
view this means to stimulate the creation of jobs and to reduce the consump-
tion of natural resources, thereby enabling prosperity and a high quality of 
life.  
 
Figure 1 is incomplete in the sense that the relations between the production 
factors and the productivities are not taken into account and no feedback 
loops are considered. In general, substitution between different production 
factors occurs due to changes in the relative prices of inputs. An increase in 
resource prices tends to speed up the development of resource- and energy-
saving technologies. Conversely, periods of growing resource prices may 
result in technological development tending toward less intense use of re-
sources and also toward economic growth. Thus, resource productivity not 
only (directly) influences resource use but also indirectly affects capital and 
labour via its direct impact on economic output.  
 
More generally: Depending on relative prices, an increase in the productivity 
of using one of the production factors can also change the use of other fac-
tors, since it creates an incentive to use the first more intensively. Labour, 

Labour and re-
source productivi-
ty increases can 
help to improve 
the conditions for 
growth 
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capital and resource productivities may also influence each other since bet-
ter technologies or structural changes might affect the productivities of all 
production factors at the same time. 
 
These relationships are illustrated in Figure 3. Positive relationships are 
indicated by “+”, negative relationships by “-“. For clarity, the arrows pre-
sented in Figure 1 are transparent.  
 

Figure 3. Simplified illustration of the impacts of productivities on production inputs 
and outputs  

 
Source: Own illustration 

 
 
Since the beginning of the industrial revolution, labour productivity has 
steadily risen and has thus, inter alia, secured rising living standards. To 
maintain and further increase social welfare in the context of planetary 
boundaries (see Rockström et al. 2009 and Steffen et al 2015), growing 
population, rising global average incomes and the associated demand for 
food, water, energy and all sorts of materials, the improvement of resource 
productivity also has to be firmly anchored in future political, economic and 
social discourses and must be mainstreamed in all aspects of life.  
 
While labour productivity is already an important part of EU’s policy activities, 
resource productivity has so far been a relatively untapped opportunity. EU 
initiatives (e.g. EU Roadmap to a Resource Efficient Europe

3
) were estab-

lished to change this situation and to ensure that Europe will become more 
resource efficient. Theoretically, improvements of resource productivity offer 
the possibility to reach win-win-win situations: a reduction of resource use, 
an increase in economic growth and an increase in employment.  
 
In order to understand the role resource productivity can play to support the 
Juncker Commission’s top priority of boosting jobs, growth and investment

4
, 

all three angles should be addressed: 

                                                      
3
 The Resource Efficiency Roadmap is part of the Resource Efficiency Flagship of the Europe 

2020 Strategy. See: EC (2011). 

4
 See http://ec.europa.eu/priorities/jobs-growth-investment/index_en.htm 
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 How and to what extent does (an increase in) resource productivity 
contribute to economic growth?  

 How and to what extent does (an increase in) resource productivity 
contribute to environmental improvements and decreasing resource 
use? 

 How and to what extent does (an increase in) resource productivity 
contribute to job creation? 

 
All three questions are considered in this report, although the focus is on the 
third question, which relates to the employment effects of resource produc-
tivity improvements and also takes into account the relationship between 
resource and labour productivity.  
 
Before we analyse these relations in detail, we provide a short overview 
about the historical trends of labour, capital and resource productivity and of 
some of their determinants (prices and costs). 
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4 Historical trends of labour, capital and resource 
productivities and their determinants 

 
In order to better understand the relationships between resource and labour 
productivity we first analysed historical productivity trends on a macro as 
well as on a sectoral level.  
 
The description of the macro level is based on a literature review, while the 
investigation of the sectoral level is based on an empirical analysis carried 
out within this scoping study. We also describe the development of resource 
prices and costs, which are both important determinants for resource 
productivity.  
 
 

4.1 Productivity trends  

 
Empirical studies reveal that technological progress and capital accumula-
tion have augmented both the productivity of labour and resources. Howev-
er, labour productivity has increased more strongly than resource productivi-
ty.  
 
Figure 4 shows the development of labour productivity (measured by GDP 
per hours worked), resource productivity (ratio of GDP and DMC

5
) and capi-

tal productivity (measured by GDP over consumption of manufactured capi-
tal) in the EU-27. 
 
While labour productivity constantly rose from 2000 until 2007, it slightly 
decreased during the economic crisis due to a decrease in GDP generation 
despite an almost constant labour input. While there was a decline in 2010, 
labour productivity increased again from 2011 onwards. Resource produc-
tivity improved by 17% between 2000 and 2009. In 2009 material consump-
tion declined significantly during the economic crisis (especially in material-
intensive industries) leading to an increase in overall resource productivity. 
As in the case of labour productivity, resource productivity decreased in 
2010, but increased again after this decline. Capital productivity remained 
almost constant from 2000 until 2007. With the economic crisis, it dropped 
considerably implying that more or less the same level of annual physical 
capital consumption generated less GDP (Moll et al. 2012). After 2009, it 
developed constantly, at a lower level than before the crises. 
 
  

                                                      
5
 Domestic Material Consumption (DMC): measures all materials used within an economic 

system, excluding indirect flows. In economic terms, DMC reflects consumption by the residents 
of a national economy. 

Resource produc-
tivity has been 
increasing in the 
past decades, 
however at a low-
er rate than labour 
productivity 
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Figure 4. Comparison of resource, labour and capital productivity in the EU-27. 

 

 

Source: Own calculation, based on Eurostat data. 

 
 
 

4.2 Historical trends of resource productivity compared to economic 
growth and resource use  

 
Figure 5 shows the evolution of the EU-28’s economic growth (GDP), re-
source use expressed in terms of DMC and resource productivity 
(GDP/DMC). 
 
In the time period covered the EU’s resource productivity has increased by 
27% from 1.43 EUR/kg in 2002 to 1.81 EUR/kg in 2013. This corresponds to 
an average annual increase of 2.2%, which is still slightly below the growth 
rate of GDP during the reporting period (Eurostat, 2015). 
The significant increases in resource productivity between 2008 and 2009 
were caused by the economic crisis (see also above). In 2010, resource 
productivity decreased, while it again strongly increased from 2011 onwards. 
 
 
Figure 5. Evolution of resource productivity, resource use (DMC) and growth (GDP) 

of the EU-28 between 2002 and 2014 (Index 2002=100)  

 
Source: Eurostat (2015). 

Before the eco-
nomic crisis, re-
source productivi-
ty grew slower 
than GDP, leading 
to increasing ma-
terial use 
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Literature findings reflect a general consensus that GDP/RMC (Raw Material 
Consumption

6
) is better suited to measure resource productivity than 

GDP/DMC (Domestic Material Consumption).  
 
The indicator Domestic Material Consumption (DMC), used to calculate 
resource productivity in the graph above, does not consider the resources 
embodied in the goods and services produced abroad, but consumed do-
mestically. DMC thus also does not reflect the displacement of dirty indus-
tries to other regions of the world, which was associated with negative im-
pacts on domestic (mainly low-skilled) jobs. Using instead consumption-
based indicators, such as Raw Material Consumption (RMC) or the mate-
rial footprint the results could be different. RMC comprises imports ex-
pressed or converted into their raw material equivalents (RME), i.e. into 
equivalents of domestic extractions that have been induced in the rest of the 
world to produce the respective good. Both RMC and material footprints thus 
consider the effects of the displacement of dirty industries to other regions of 
the world. 
 
In general GDP/DMC is a good measure of the resource productivity of a 
county or a group of countries such as the EU in the above case, while 
GDP/RMC measures the resource productivity of the whole value chain. 
From a local or regional point of view, DMC is a suitable indicator for re-
source-related environmental impacts, while for global environmental im-
pacts, such as climate change or biodiversity loss, RMC is a more appropri-
ate measure. Furthermore, DMC is adequate with regard to domestic input 
factors that are important for economic growth, while RMC is more relevant if 
environmental concerns are analysed (Giljum et al., 2014).

 
 

 
However, due to data limitations, trends of resource productivity are mostly 
based on DMC data, since most studies use this indicator to express re-
source productivity.

 7
  

 
Indeed resource productivity in terms of GDP/RMC has always been lower in 
the EU-28 between 2001 and 2011 compared to resource productivity 
measured as GDP/DMC.  
 
For a more conclusive analysis, further efforts are necessary to improve the 
data situation. 
 
A main reason for the presented productivity trends can be seen in the rela-
tive prices of labour, energy and resource inputs and the current tax 
systems, as increasing labour costs over time induces firms to focus on im-
proving labour productivity (see chapter 4.4).  
 
Another explanation can be found in structural changes of economies. Coun-
tries usually firstly specialize in buildings, infrastructure and heavy industry, 
while with higher economic development, they tend to shift towards a more 
service oriented economy (de Bruyn et al. 2009).  
 
 

                                                      
6
 Raw Material Consumption (RMC): next to domestic extraction, the RMC indicator comprises 

imports expressed or converted into their raw material equivalents (RME), i.e. into equivalents 
of domestic extractions that have been induced in the rest of the world to produce the respec-
tive good. 

7
 The official indicator of resource productivity reported by Eurostat is still DMC. This is due to 

data limitations with respect to RMC. 

DMC does not 
consider the dis-
placement of dirty 
industries to other 
regions of the 
world 
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4.3 Resource, labour and capital productivity for different sectors 
across EU Member States 

While a large number of studies explored the trends of the three productivity 
indicators at a macro level (whole economy), there is little effort to provide 
information on a sectoral level. Thus, in this scoping study we have carried 
out an empirical analysis that puts forward interesting developments at a 
sectoral level: 
 
The empirical analysis of resource, labour and capital productivity for six 
sectors (agriculture, construction, energy, transport, manufacturing and min-
ing sector) is based on readily available data. After a thorough search in 
databases for readily available data, we decided to use the EUKLEMS 
Growth and Productivity Accounts and the Resource Sectoral Maps Study 
(2013) as primary data sources for resource productivity.  
 
Resource productivity is calculated on the basis of the indicator Raw Mate-
rial Input (RMI

8
), which adds the used part of raw material equivalents 

(RME) of imports to DMI. Using sectoral RMI data for the years 1997 and 
2007 for 10 EU Member States, possible reasons for cross-country varia-
tions in the levels of material use can be identified. At the same time, labour 
and capital productivity trends were observed for the time period 1997-
2007

9
.  

 
One of the main findings is that there are large variations between individual 
countries over time. Furthermore, differences in the development of the 
three types of productivities can also be seen across sectors. In most cases, 
labour productivity shows the highest growth while resource productivity has 
grown slower. On average, resource productivity has improved, except for 
the transport sector. In other words, economies were in general able to cre-
ate more value per ton of resources used. Capital productivity developments 
experienced much larger fluctuations, whereas most of the time an overall 
downward trend could be observed. One can compare the differences in 
each of the productivity indicators between countries, however, the results 
do not allow for inferring relationships between the indicators.  
 
While a large number of studies explored the trends of the three productivity 
indicators at a macro level (whole economy), only little effort has been made 
to provide information on a sectoral level. Thus, in the course of this scoping 
study an empirical analysis of resource, labour and capital productivity was 
carried out for ten EU countries and on a sectoral basis. The table below 
shows the top ten EU countries with respect to raw material inputs by sector. 
 

  

                                                      
8
 Raw Material Input (RMI): adds the used part of the raw material equivalents (RME) of imports 

to Direct Material Input (DMI). DMI comprises all materials with economic value which are di-
rectly used in production and consumption activities. While RMI and DMI are input indicators, 
Raw Material Consumption (RMC) and Domestic Material Consumption (DMC) are consumption 
indicators. RMC deducts the export plus the RMEs of exports from RMI. DMC is calculated by 
subtracting direct exports from DMI. 

9
 RMI data are only available for the years 1997 and 2007, while the data for labour and capital 

productivity refers to the whole time period 1997 until 2007.   

Sectoral data 
analysis of re-
source, labour 
and capital 
productivity re-
veals large varia-
tions across 
Member States 
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Tab. 1. Top ten EU countries with the greatest share of raw material input by sector 

Sector Countries 

Construction 
Spain, Germany, France, Italy, United Kingdom, Poland, 
Belgium, Portugal, Ireland, Finland. 

Agriculture 
France, Germany, United Kingdom, Poland, Spain, Italy, 
Greece, Romania, Netherlands, Denmark 

Food manufacture 
France, Germany, United Kingdom, Italy, Spain, Poland, 
Greece, Netherlands, Belgium, Ireland 

Petroleum and coal 
products 

Germany, Italy, France, United, Kingdom, Spain, Nether-
lands, Poland, Belgium, Romania, Greece 

Energy supply 
Germany, Poland, United Kingdom, Italy, Spain, Greece, 
Romania, Czech Republic, France, Bulgaria 

Business services 
Germany, France, United Kingdom, Spain, Italy, Poland, 
Sweden, Belgium, Finland, Netherlands 

Transport 
Germany, France, Italy, United Kingdom, Spain, Greece, 
Poland, Belgium, Netherlands, Sweden 

Note: The sequence of the countries is sorted from greatest input share to lowest 
Source: BIO, SERI (2013).  

 

Due to the large proportion of minerals, sand and gravel in the overall mate-
rial flows of the economy, the construction sector is the most resource–
intensive sector in the economy. Agriculture, due to the high portion of bio-
mass use, is the second most intensive sector followed by food manufactur-
ing with a high percentage of biomass use and a significant portion of fossil 
fuels. Fossil fuels are also used extensively in the manufacture of petroleum 
and coal sector, which is the fourth most intensive sector in the economy. 
The energy supply sector follows closely, again with a high portion of fossil 
fuels input. The business services sector is the sixth most resource-intensive 
with high shares of material inputs like minerals and fossil fuels. Transport 
follows as the seventh most intensive sector with high portions of fossil fuel 
inputs. It can be observed from the table above that the most material inten-
sive countries are those with the biggest economies like Germany, France, 
Italy, United Kingdom and Spain (BIO/SERI 2013). 
 
In general, labour productivity increased as compared to 1995 levels, but 
differences in the sectors can be observed and are significant. Increases in 
labour productivity were often higher than 50% and sometimes even doubled 
in sectors such as energy, agriculture and manufacturing in the observed 
period (1995-2007) in several countries. The only sector that showed stag-
nant labour productivity growth was the construction sector, with only mild 
growth observed in the UK. 
 
From the analysis one can conclude that there are large variations between 
individual countries over time. Furthermore, differences in the development 
of the three types of productivities can also be seen across sectors. In most 
cases, labour productivity shows the highest growth while resource produc-
tivity has grown slower. On average, resource productivity has improved, 
except for the transport sector. In other words, economies were in general 
able to create more value per ton of resources used. Capital productivity 
developments experienced much larger fluctuations, whereas most of the 
time an overall downward trend could be observed. One can compare the 
differences in each of the productivity indicators between countries, howev-
er, the results do not allow for inferring relationships between the indicators.  
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4.4 Development of resource prices 

The amount of resources used in production is directly determined by the 
price. The slower increase of resource productivity might thus (partly) be 
explained by the fact that the costs of labour grew faster than the costs of 
materials inputs over the last 50 years. The price of resources remained 
more or less constant over the past decades - except for the period since the 
turn of the millennium, when commodity prices began to rise due to rapidly 
growing demand from emerging economies, such as China (de Bruyn et al. 
2009).  
 
In general, in the past (and still today), the prices of raw materials and ener-
gy have not adequately reflected external costs, leading to an overuse of 
resources. This overuse has driven economic growth, and at the same time, 
resulted from economic growth.  
 
In highly industrialised countries, such as most EU Member States, labour 
costs have been more expensive than material costs from a perspective of 
relative prices (and current tax systems). The result was that labour produc-
tivity increased, which has helped to reduce costs. 
 
Thus, in the past, the focus was mainly on reducing labour costs via increas-
ing labour productivity. However, if resource prices were reflect the real so-
cial (external plus internal) costs, material costs would become increasingly 
important. With growing scarcity, environmental problems and the subse-
quent need to internalise external costs, improving material productivity is a 
key to decrease use of material resources reduce costs and increase com-
petitiveness.  
 
The development of resource prices has decisively altered since the turn of 
the century: after 2000, resource prices have more than doubled and the 
average volatility has been about three times higher than in the 1990s (see 
Figure 6). 
 
Figure 6. Changing trends in resource prices 

 

Source: McKinsey (2013) 

Resource prices 
have increased 
significantly be-
tween 2000 and 
2010, accompa-
nied by high levels 
of volatility across 
the commodity 
markets 

Increases in re-
source productivi-
ty were mainly 
driven by changes 
in the relative 
prices of produc-
tion inputs 
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Although resource prices have slightly declined since 2011 with a strong 
decrease in 2014 (see recent development of the IMF Primary Commodity 
Price Indices10), on average commodity prices remained almost at the level 
of 2008, the starting point of the global financial crisis. In the future, the pric-
es of commodities are expected to rise further due to the growing resource 
demand, which is in turn driven by an increase of the world population and 
the world economy

11
 (EC 2014). However, the World Bank Commodities 

Price Indices Outlook12 shows that in 2025 the real prices of most commodi-
ties will be below 2013 levels. 
 
 

4.5 Share of material costs on whole production costs 

One argument in favour of focusing on the increase of resource productivity 
is the high share of material costs in the production process of many com-
panies.  
On the firm level, higher material productivity decreases the cost of purchase 
and usage for materials, which in turn improves competitiveness and ena-
bles expenses for further qualification and innovation to be raised. At the 
same time, the scope for income increases and job security can be extended 
(Bleischwitz, 2009). 
 
Fischer-Kowalski and Wiedenhofer (2014) show for different European coun-
tries that material costs are equal or higher than labour costs, while energy 
costs only account for a small share in the cost structure (see Figure 7). In 
all countries under consideration, material costs exceed 20% of total produc-
tion costs. This share is slightly surpassed by labour costs only in high-
income countries such as Austria or the Netherlands. In the agricultural sec-
tor, the share of materials costs is higher than 40% in all countries under 
consideration. In manufacturing and construction, this share exceeds 50% in 
the majority of countries (EUKLEMS 2008). 
 
Although efficiency measures are mostly targeted towards energy and GHG 
emissions, the potential for cost savings is substantially larger regarding 
improvements of material efficiency. Only in the most energy intensive sec-
tors, energy costs account for around 10% of total costs (Hennicke/Sewerin 
2009).  
 
 
  

                                                      
10

 See www.imf.org/external/np/res/commod/Charts.pdf 

11
 This can be concluded from Eurobarometer surveys of business: Despite the current 
slowdown in price increases it is expected that resource prices will rise as growth approaches 
a more normal level (EC 2014). 

12
 See 
www.worldbank.org/content/dam/Worldbank/GEP/GEPcommodities/PriceForecast_20150422
.pdf, page 3.  

Material costs 
have become a 
main cost factor 
for business 

http://www.worldbank.org/content/dam/Worldbank/GEP/GEPcommodities/PriceForecast_20150422.pdf
http://www.worldbank.org/content/dam/Worldbank/GEP/GEPcommodities/PriceForecast_20150422.pdf
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Figure 7. Factor costs for selected European economies in 2004 (costs as share of 
total production). 

 
Source: Fischer-Kowalski and Wiedenhofer (2014) based on EUKLEMS 2008. 

 
 
However, de Bruyn et al. (2009) claim that such figures overestimate actual 
material costs, since they comprise all costs that are known as ‘intermediate 
use’ of economic sectors. The authors thus conclude that material costs do 
not only include the costs for raw materials, but also labour and energy costs 
embodied in these materials. Using an input-output factorisation, de Bruyn et 
al. (2009) found that the share of energy and material costs (e.g. fossil fuels, 
ores, mineral extraction, etc.) in the costs of all inputs necessary to satisfy 
final consumer demands is below 5%.  
 
Previous studies do not provide much information on the respective shares 
of labour and capital costs embodied in material costs. Further research is 
thus needed in order to give an estimate of the actual share material costs 
have on the entire production costs. 
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5 How and to what extent does resource productivity con-
tribute to economic growth? 

 
In this chapter we summarise the findings from the literature review concern-
ing the contribution of resource productivity to economic growth. Figure 8 
illustrates which relationships are considered (see dark arrows).  
 
  
Figure 8. Simplified illustration of the impacts of resource productivity on economic 

output (GDP, GVA). 

 
Source: Own illustration 

 
 

 

5.1 Impact of resource productivity on growth  

Increases in resource productivity can help both to improve the environment 
by reducing the use of resources required by human economic activity (see 
next chapter), and to enhance the conditions for economic growth.  

Findings of academics commonly show that higher levels of resource and 
energy productivity would yield positive economic effects. A cross-sectional 
analysis of GDP growth in the EU-15 countries for 2004 reveals that energy 
productivity and economic growth are positively correlated (Allianz Dresdner 
Economic Research 2008). This result is confirmed by a more recent IEA 
report estimating that doubling energy productivity gains by 2030 would cre-
ate at least 1.1% of additional GDP in the EU (IEA 2012). 

Positive net effects of improved resource productivity on GDP arise if the 
benefits of higher productivity levels outweigh the costs of achieving greater 
efficiency. According to a scenario analysis by Cambridge Econometrics et 
al. (2014), for the EU this is the case for resource productivity improvements 
up to 2.5% p.a. Beyond this rate, however, further improvements in resource 
productivity would lead to net costs for GDP as the abatement options be-
come more expensive. 
 
According to a study by Bleischwitz et al. (2007), higher growth rates only 
seem to be possible at the expense of a further increase in the use of re-
sources. However, there are huge differences between countries; while Italy 
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and the UK, for example, illustrate that relatively high per capita incomes can 
be attained with a comparatively low level of resource consumption, there 
are also countries such as Finland and Estonia, which show high levels of 
resource use but low resource productivity. The main reason for this is that 
the latter carry out a lot of raw material processing while exporting a large 
share of these products later. High levels of resource productivity are not 
necessarily connected to strong dynamics in improving resource productivi-
ty. The fact that countries with similar per capita incomes show huge differ-
ences in resource use implies that there is still room for improvements (Ble-
ischwitz et al. 2007). 

This also shows that income is not the sole factor determining the use of 
resources; natural resource endowment, economic structure and population 
density appear to have a strong influence as well. Beside a country’s 
endowment with resources, also the accessibility to resource imports is 
essential for the availability of materials. Whether this availability constitutes 
a constraint for economic growth mainly depends on resource productivity 
and on a country’s capacity for innovation and technological development. 
On a global scale, also geographical distribution, worldwide demands and 
market prices for material, as well as political, institutional and regulatory 
aspects have implications on resource availability (OECD 2015a). 

There are several further studies based on scenario analyses (e.g., Stocker 
et al. 2007; Giljum et al. 2008; Wuppertal Institute 2010; Meyer et al. 2011; 
Cambridge Econometrics et al. 2014; Meyer et al. 2015; etc.), evaluating the 
economic impacts of policies to increase resource productivity. Apart from 
baseline scenarios, these studies assess the economic effects of various 
alternative scenarios leading to higher resource productivity. Most of these 
studies come to the conclusion that an increase in resource productivity is 
associated with GDP growth.  

However, de Bruyn et al. (2009) cannot justify the claim that policies oriented 
towards resource productivity are able to enhance economic growth. The 
authors show that richer countries tend to be more competitive and at the 
same time they tend to be more resource-productive than poorer countries. 
Yet they were not able to find any relationship at all between competitive-
ness and energy/resource productivity.  

Besides these studies examining the effects on the macro level, a range of 
studies analyse the cost-saving potential of implementing low-carbon and 
resource efficient technologies on the company level (see e.g. Aachener 
Stiftung Kathy Beys 2005). By applying production-integrated environmental 
protection techniques, material throughput costs can be decreased by about 
20% (Arthur D. Little et al. 2005, Fischer et al. 2004). It has been estimated 
that the current inefficient use of resources are associated with costs of EUR 
630 billion per year for the European industry (Greenovate! Europe 2012). 

 

 

5.2 Environmental limits to growth 

Resource constraints and environmental limits strongly influence eco-
nomic growth possibilities. Natural resources are an important driver of eco-
nomic growth. If their supply is constrained, negative impacts on growth 
might be the result. Increases in resource productivity can contribute to im-
prove the environment by reducing the resource use required by human 
economic activity (see next chapter), and to enhance the conditions for eco-
nomic growth. Whether such improvements in resource productivity are seen 
as being necessary depends on the theoretical background that is applied.  
 

On the firm level, 
there is huge po-
tential to increase 
resource produc-
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Hepburn and Bowen (2013) identify three different school of thoughts on the 
extent to which environmental and resource constraints will limit economic 
growth. 
 
The first perspective supposes that due to technological progress environ-
mental factors constitute no limitation to economic growth. This viewpoint 
forms the basis of most standard neoclassical and endogenous growth 
models. These approaches do not explicitly model environmental limitations 
and allow for unlimited growth. Thus, there is also no need for political inter-
vention. 
 
The original neoclassical growth model (Solow 1956) explains economic 
growth only via labour and capital and the exogenous driver Total Factor 
Productivity (TFP). According to Solow sustained growth cannot be support-
ed by capital accumulation only, since returns are diminishing. Indefinite 
economic growth gets possible in this model through the introduction of (ex-
ogenous) technological progress. Even the inclusion of natural resources in 
the neoclassical growth model still allowed for unbounded growth that is 
supported by exogenous technological progress (e.g. Stiglitz 1974; Dasgup-
ta/Heal 1979). 
 
Over the past 30 years, new endogenous growth models (e.g. Romer 
1990; Aghion/Howitt 1992) have been developed to consider the fact that the 
rate of technological progress is itself determined by forces that are internal 
to the economic system. In these models technical change that is based on 
the creation of new ideas supports unlimited increase in economic output. 
Many of these models abstract from environmental limitations. They con-
clude that infinite growth is not only possible, but a likely outcome. Some 
endogenous growth models include environmental limitations, but also con-
clude that sustained growth is possible. 
 
However, historical evidence for this assumption is not very convincing, as 
absolute resource use has been and is still rising (see chapter 4). 
 
The second position presumes that growth will continue but environmen-
tal limits will impose costs to society (the so called ‘drag’, see Nordhaus 
1992). As ‘planetary boundaries’ have been exceeded (Rockström et. al., 
2009, Steffen et al., 2015) the consideration of the environmental drag is 
plausible. This view corresponds to the concept of Green Growth. The natu-
ral environment is largely provided for free (or too cheap), which leads to 
market failure. The results are ecosystem degradation, inefficiencies due to 
waste and a tendency to overexploit natural resources. Growth might be 
higher, it is argued, if these systematic market failures were corrected. Well-
designed market-based policy instruments can move the economy closer to 
an optimal growth path by improving the efficiency of energy and resource 
use and creating incentives to develop new environmental technologies and 
services. These could have a positive impact on both, the environment and 
economic growth.  
 
Finally, the third perspective assumes that environmental constraints will, 
or at least might, eventually stop growth. This viewpoint is widespread in 
the field of Ecological Economics. Daly (2008), who has advocated “steady 
state economics” (SSE) and Georgescu-Roegen (1971), who incorporates 
the idea of entropic degradation (Second Law of Thermodynamics) as a 
fundamental constraint on all economic activity, are precursor of such a 
view.  
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For instance, Herman Daly stresses that it is important to differentiate be-
tween qualitative development and quantitative growth. “Growth is more of 
the same stuff; development is the same amount of better stuff (or at least 
different stuff)” (Daly 2008: 1). Furthermore Daly emphasises that the scale 
has become important because the economic system has grown to a point 
where its physical demands on the ecosystem are far from trivial. However, 
macroeconomic theory assumes that environmental sources and sinks are 
infinite relative to the scale of the economy.  
 
Like Daly, Jackson (2009) argues that in the long run, absolute decoupling 
of economic output and resource impacts is an essential condition for eco-
nomic activity to remain within ecological limits. As empirical evidence re-
veals, this has not happened so far (see also chapter 4). Following these 
considerations, public policy should no longer focus their efforts on achieving 
economic growth, but on more specific goals targeting the wellbeing of hu-
mans and other species. 
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6 How and to what extent does resource productivity con-
tribute to environmental improvements and decreases 
in resource use? 

 
Natural resources, including materials, water, energy and fertile land are the 
basis for our life on earth, as well as for our economy. However, humanity’s 
rapidly growing consumption of resources is causing severe environmental 
damage, such as climate change, air pollution, shrinking fresh water re-
serves, loss of biodiversity etc.  
 
In this chapter we describe the influence of resource productivity on re-
source use (see Figure 9). We analyse whether an increase in resource 
productivity has the potential to reduce resource use to a sustainable level. 
 
 
Figure 9. Simplified illustration of the impacts of resource productivity on resource 

use 

 
Source: Own illustration 

 
 
On the firm level, empirical evidence shows that improvements in resource 
productivity have the potential to lower resource use. The ENWORKS part-
nership, for example, promotes waste minimisation and resource efficiency 
among SMEs in North West England. Between 2001 and 2012, the compa-
nies participating in the ENWORKS programme achieved 157,800 tonnes of 
annual CO2 equivalents savings, and another 740,600 are in the pipeline. 
From these already 617,500 tonnes of cumulative CO2 equivalents savings 
have been accrued. Regarding the use of water, since 2001 1.8 million m

3
 

have been saved annually, with another 4.8 million m
3
 in the pipeline. EN-

WORKS also helped to save 2.4 million tonnes of materials per year; anoth-
er 698,000 tonnes are in the pipeline (ENWORKS 2012). 
 
Also the case study by IDEA et al. (2014) provides evidence for the impacts 
of resource efficiency improvements at the firm level. Accordingly, firms in 
various sectors with different employee numbers were able to reduce their 
environmental footprint and increase resource efficiency. The more efficient 
use of materials and improvements in energy efficiency/reduction of GHG 
emissions are the most frequently reported impact categories.  
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However, the question is whether these positive effects found on the micro 
level are also evident on the macro level.  
 
A recent report by EEA (2014) shows that – despite resource productivity 
has steadily increased, an absolute decline in resource use/emissions (ab-
solute decoupling) has been realised only with respect to emissions to air 
caused by domestic final use in the EU-27 between 2000 and 2007. Howev-
er, TMR

13
 and DMI only saw relative decoupling (resource impacts decline 

relative to GDP). Not a single sector achieved an absolute reduction in mate-
rial demand, although the mining and quarrying sectors and refineries came 
close. Out of the 20 most material demanding sectors, 15 sectors saw not 
even, or almost no, relative decoupling (EEA 2014). 
 
This indicates that, on a macroeconomic level, it is important, to consider 
economic responses to higher productivity – so-called rebound effects. This 
effect refers to the situation where the beneficial effects from new technolo-
gies increasing the efficiency of resource use are offset due to behavioural 
or other systemic responses. For example, changes in the consumption mix 
and in the total volume of consumption could to some extent offset the effi-
ciency improvements. The literature mainly focuses on rebound effects as-
sociated with energy consumption; however, this concept can generally be 
applied to any other production inputs, such as natural resources or labour. 
The rebound effect is generally defined as the ratio between the lost benefit 
and the expected environmental gain (Grubb 1990).  
 
Regarding the overall rebound effect, it is necessary to distinguish two dif-
ferent aspects. First, the direct rebound effect refers to the substitution 
effect, i.e. the cost of consumption declines due to increased efficiency, and 
as a result consumption rises. Second, indirect rebound effects are asso-
ciated with income effects, meaning that the lower costs of one good allow 
for increased consumption of other goods and services (Chitnis et al. 2014). 
Therefore, some policies enabling greater resource efficiency will need to 
include additional measures to avoid higher overall resource use (see e.g. 
UNEP/CSIRO 2011). In order to ensure that efficiency enhancing technolo-
gies actually result in reduced resource consumption, Wackernagel and 
Rees (1997) propose to tax away any cost savings from efficiency gains or 
to remove them in another way from further economic circulation. The au-
thors suggest reinvesting the tax revenue in natural capital rehabilitation. 
 
Another option in this context is to apply taxation or subsidies in order to 
align the price of a specific resource with documented improvements in re-
source productivity. Prices could fluctuate within a defined “corridor”, making 
interventions only necessary when prices leave this corridor. This measure 
would ensure the predictability of prices for investors, manufacturers, and 
consumers (UNEP 2014). 

Moving to a sustainable society also requires innovation that goes beyond 
the traditional technological solutions. In fact, innovation should be support-
ed by a corresponding evolution of social arrangements, institutional support 
structures, and associated with human nature and cultural values. 
 
However, there are also several scenario analyses suggesting that suitable 
(policy) measures would be able to increase resource productivity while at 
the same time reduce resource use (see e.g. WRAP 2010). 
 

                                                      
13

 Total Material Requirement (TMR) considers all materials used for a certain product, includ-

ing indirect material input requirements associated with intermediate imports. 
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A broad range of studies emphasise that the use of single instruments is not 
able to effectively promote a sustainable economy. The transformation to a 
sustainable economy requires a comprehensive policy strategy considering 
both demand and supply aspects. Governments have to find a mix of in-
struments that include market-based instruments (such as environmental 
taxes and charges, tradable permits, environmental subsidies and incen-
tives), regulatory policies (such as standard setting) and non-economic 
measures (such as voluntary approaches and information provision) in order 
to reduce resource consumption (Hinterberger et al. 2013).  
 
Whether such a policy mix could also positively affect employment will be 
analysed in the next chapter.  
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7 How and to what extent does resource productivity con-
tribute to job creation? 

 
The main aim of the literature review was to explore the role of resource 
productivity and its relationship with employment generation. Starting 
from empirical evidence of the past and findings of future estimations based 
on scenario modelling we analysed job opportunities derived from resource 
efficiency measures on the firm level, the sector level as well as on the mac-
ro level. 

14
 

 
The following figure shows the entirety of (possible) interrelations, which can 
be briefly summarized as follows: Resource productivity influences employ-
ment either via its impact on labour productivity or on the economic output 
(GDP or GVA). 
 
 
Figure 10. Simplified illustration of the impacts of resource productivity on labour/jobs 

(via labour productivity and economic output) 

 
Source: Own illustration 

 
 

 

7.1 General considerations 

 
It is commonly argued that the high pace of productivity growth leads to un-
employment, especially in manufacturing. This might be true in the short run, 
or for particular firms or industries. However, in the longer run, macroeco-
nomic policies can influence the level of jobs rather than productivity growth. 
Although technological change can have significant impacts on the microe-
conomic level (depending on the bias of technological change, the prices of 
competing goods and services, the price elasticity of demand), the effect on 
aggregate unemployment or employment in the long run is negligible 
(Nordhaus 2005). Based on data for the G7 nations, Gordon (1995) shows 
that in the short term, a positive trade-off between productivity and unem-
ployment may emerge. However, in the long run adjustment processes (re-
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garding capital accumulation or decumulation) can contribute to eliminating 
this trade-off. Based on data for the US economy, Nordhaus demonstrates 
that more rapid productivity growth leads to higher rather than lower em-
ployment in manufacturing.  
 
Building on this empirical evidence regarding the link between productivity 
and employment, the question arises what kind of role resource productivity 
in particular plays in creating jobs. 
 
As the literature indicates, both the production structure and the elasticity of 
substitution between input factors are important determinants regarding the 
effects of resource productivity improvements on employment. The more 
easily labour can substitute material inputs, the better is the chance that 
employment increases (see e.g. Bovenberg 1999). 
 
 

7.2 Experience from the past 

 
Various examples show that in the past several businesses have managed 
to increase resource productivity with positive side effects on net em-
ployment (e.g. ENWORKS 2012, IDEA 2014, Renner et al. 2008, EC 2014, 
RPA 2015), although the results vary according to different activities and 
sectors. Explanations can be found in varying eco-innovation opportunities 
of branches, different reactions to the implementation of policy measures 
and structural differences in production and energy processes.  
 
The case study by IDEA et al. (2014), for example, provides evidence for the 
impacts of resource efficiency improvements at the firm level. Accordingly, 
firms in various sectors with different employee numbers were able to re-
duce their environmental footprint and increase resource efficiency. The 
more efficient use of materials and improvements in energy efficien-
cy/reduction of GHG emissions are the most frequently reported impact cat-
egories.  
 
As to specific sectors and activities, potential gains are likely, amongst 
others for businesses in construction, infrastructure, waste and resource 
management, recycling, renewable energy technologies, agriculture as well 
as “eco-friendly” services.  
 
Industries increased their resource efficiency over the past few years mainly 
through the adoption of various first and second order measures (Cambridge 
Econometrics et al. 2011), with positive side effects on employment (see e.g. 
RPA 2015). First order measures comprise increasing or maintaining the 
high share of material recycling rates, the use of green and intelligent infor-
mation technologies along the production cycle, the use of green business 
models etc. Second order measures refer to the introduction of new substi-
tutes of material, e.g. the use of renewable (bio-based) materials, investment 
in R&D etc. 
 
The question is whether these positive effects found on the micro level are 
also valid on the macro level. In order to accurately assess the job creation 
potential of resource productivity, it is important to further distinguish be-
tween gross and net employment effects. The gross number of new jobs 
only accounts for the persons employed in the sector under consideration 
(e.g. the environmental goods and services sector - EGSS) including em-
ployment in supplying industries, while the net calculation also comprises job 
losses in other sectors, thus showing the change in the total number of jobs 
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for the whole economy by taking into account economy-wide price, income 
and substitution effects (Meyer/Sommer 2014).  
 
 
There are also several barriers that have hindered stronger resource effi-
ciency increases, such as the lack of access to finance, information deficits, 
gaps in knowledge, sharing and dissemination of best practices as well as 
non-utilized innovation potentials. But also the failure to internalise environ-
mental costs has impeded gains in resource productivity (EIO, 2012).  
 
The following table provides an overview of the results of selected empirical 
studies. 

Barriers, such as 
lack of access to 
finance, infor-
mation deficits, 
etc., have hin-
dered stronger 
resource efficien-
cy increases 
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Tab. 2. Overview of studies dealing with employment effects of resource productivity improvements (experience from the past) 

Description / findings Topic / policy Effect on employment / jobs Regional level 
Macro / meso / 

micro level 
Methodology / model 

IDEA et al. (2014). Cases of implementing resource efficient policies by the EU industry. Final report.  

This paper provides a set of 21 case studies on how 
industry has improved its resource efficiency and the result 
in terms of environmental, social and economic impacts. 
Results: wide scope of improvements in environmental 
footprint and resource efficiency, cost savings; most com-
panies reported net job creation or jobs have been sus-
tained. 

resource efficiency 
measures in some 
manufacturing sectors 

improvements in environmental footprint 
and resource efficiency are accompanied by 
net job creation in some companies, rang-
ing from 1.3% for a large company to 8.4% 
for a small one.  

EU micro/meso Case studies, that illus-
trate how, in practice, 
industry has improved its 
resource efficiency and 
the results obtained in 
terms of environmental, 
social and economic 
impacts. 

RPA (2015). Assessing the Potential Cost Savings and Resource Savings of Investments in 4 SME sectors.  

Assessment of potential benefits from implementing busi-
ness support programmes targeted at SMEs investing in 
resource efficiency based on ENWORKS data. Calculation 
of cost savings, reductions in resource use, creation and 
safeguarding of jobs, that could be realised by €4 billion of 
public investment. 

public investments in 
resource efficiency of 
EUR 4 billion for SMEs 

around 128,000 jobs created, around 
360,000 jobs safeguarded 

EU-28 macro/meso Generalisation of EN-
WORKS data for all EU 
member states 

RPA (2014). Study on Economic and Social Benefits of Environmental Protection and Resource Efficiency Related to the European Semester. 

 Investigates the effects of programmes to support SMEs 
regarding resource efficiency, potentials for cost savings, 
reductions in energy use and CO2 emissions, job creation 
in environmental goods and services sector (EGSS).                                                     

SME support, EGSS In past: EGSS or green sector has fared 
better than others in terms of employment; 
many green sub-sectors ar more labour 
intensive than traditional equivalents. 
Environmental goods and services sector 
jobs are estimated at 4,194 thousand for 
EU-28 (2011) 

EU-28 meso Review of key data con-
cerning: potential of SME 
support on resource 
efficiency and relative 
environmental expendi-
ture.  

Ecorys (2012). The number of Jobs dependent on the Environment and Resource Efficiency improvements.  

The background of this study is the emerging discussion on 
how environmental protection and resource efficiency goes 
hand-in-hand with job creation.  The results show the 
heavy influence of scope, methodology and data availabil-
ity. However, whatever the choices about how to measure 
'green jobs', the number seems to be increasing and the 

debate is only over how fast and how many. Provides an 
UPDATE of Ecorys and IDEA, 2009 and GHK et al., 2007 

technological improve-
ments, link between 
environmental protec-
tion/resource efficiency 
and job creation 

For six sub-sectors (covering insulation, 
electric vehicles (hybrids), copper, cement, 
drip irrigation, heat pumps) educations in 
energy and/or resource use could have a 
positive employment effect. About 2,7 
million people worked in the EU-27 eco-

industry in 2008 which represented 0,81% 
of the total workforce (people age 15 - 64). 
The average annual growth (2000 - 2008) in 
eco-industry jobs is approximately 2,72 % 
corrected for inflation. 

EU macro/meso A few key studies on the 
green job debate and eco-
industries have been 
made over the last dec-
ade. In this report the 
authors have refined and 

updated the numbers and 
methodologies from these 
studies. 

Ecorys, Cambridge Econometrics and COWI (2011). The role of market-based instruments in achieving a resource efficient economy, Study for the European Commission, DG Environment  

This study investigated how market based instruments 
(MBIs), can support and drive the move towards resource 
efficiency. The objective was to identify the market based 
instruments being used, particularly those that demonstrate 
best practice in promoting resource efficiency, and exam-
ine how they can be improved, what lessons can be drawn 
and the recommendations for the future, taking into ac-
count the cost, competitiveness and other impacts.                                                                                   
Presents employment effects for some case studies. 

market based instru-
ments (especially 
tradable permits) are 
applied relatively rarely 
to resources: waste and 
emissions are the major 
focus of existing instru-
ments 

With the exception of the UK none of the 
existing policies assessed had a direct 
impact on employment. In the case of the 
UK, however, a double dividend has been 
realized by transferring an aggregates levy 
to firms, which reduced labour costs. The 
aggregates levy resulted into small increas-
es in GDP and employment in the aggre-
gates sector. 

EU member 
states 

macro/meso Case study review. The 
scope of the study exclud-
ed energy, carbon emis-
sions and other air pollu-
tion emissions, where 
considerable work already 
exists. The focus was on 
other resources, products 
and services. 
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Description / findings Topic / policy Effect on employment / jobs Regional level 
Macro / meso / 

micro level 
Methodology / model 

Cambridge Econometrics and Ecorys (2011). Assessing the Implementation and Impact of Green Elements of Member State's National Recovery Plans, Final report for European Commission, Directorate-
General Environment, Brussels.  

Assessment of the green elements of the fiscal stimulus 
packages that were implemented in response to the eco-
nomic and financial crisis. It provides an overview of the 
green elements of the recovery plans of each of the EU‟s 
Member States (where data are available) and considers 
the measures in nine countries in more detail. Most policies 
resulted in a temporary boost to employment as a result of 
increases in economic activity. Very few of the policies 
were explicitly targeted at vulnerable groups and some 
which required co-financing, including car scrappage 
schemes, may have excluded them.    

green elements of fiscal 
stimulus packages 

None of the observed measures had a 
direct impact on employment. However, 
many of the policies were directed at sec-
tors that are both labour intensive and were 
impacted severely by the crisis (such as 
motor vehicles, construction and engineer-
ing). The policies therefore had a positive 
impact on net employment, although this 
was more likely to be in jobs saved rather 
than in jobs created. The types of jobs that 
were saved are likely to have been a com-
bination of basic and high-skilled jobs. Many 
of them would have been in traditionally 
male-dominated occupations. 

nine EU coun-
tries (BE, CR, 
EST, FR, GE, 
PO, SL, SE, 
UK. Four non-
EU countries 
(Australia, 
China, South 
Korea and the 
USA) 

macro Combination of qualitative 
and quantitative assess-
ment methodologies with 
the macro-econometric 
E3ME model to provide an 
assessment of the eco-
nomic and environmental 
impacts of the green 
elements of the recovery 
plans.  

Strand, J. and Toman, M. (2010). Green Stimulus, Economic Recovery, and Long-Term Sustainable Development. World Bank Policy Research.  

This paper discusses short-run and long-run effects of 
"green stimulus" efforts, and compares these effects with 
"non-green" fiscal stimuli. The authors categorize effects 
according to their a) short-run employment effects, b) long-
run growth effects, c) effects on carbon emissions, and d) 
"co-benefit" effects (on the environment, natural resources, 
and for other externalities). The most beneficial "green" 
programs in times of crisis are those that can stimulate 
employment in the short run, and lead to large "learning 
curve" effects via lower production costs in the longer term.  

green stimulus efforts Most "green stimulus" programs that have 
large short-run employment and environ-
mental effects are likely to have less signifi-
cant positive effects for long-run growth, 
and vice versa. There are also trade-offs for 
employment generation in that programs 
that yield larger (smaller) employment 
effects tend to lead to more employment 
gains for largely lower-skilled (higher-
skilled) workers, so that the long-term 
growth effects are relatively small (large).  

global, EU and 
Member States 

macro  Literature review. Sum-
mary of empirical evi-
dence. 

EEA - European Environment Agency (2011). Earnings, jobs and innovation: the role of recycling in a green economy. EEA Report No8/2011.  

This report examines the economic benefits that recycling 
offers. Recycling creates more jobs at higher income levels 
than landfilling or incinerating waste. Recycling can meet a 
large proportion of the economy's demand for resources, 
alleviating pressure on ecosystems to provide resources 
and assimilate waste. Already recycling meets substantial 
proportions of demand for some resource groups, notably 
paper and cardboard, and iron and steel.                       

recycling  The overall employment related to the 
recycling of materials in European countries 
has increased steadily from 422 per million 
inhabitants in 2000 to 611 in 2007. This 
represents an increase of 45 % between 
2000 and 2007, corresponding to an annual 
increase of 7 %.                                  

EU-27 macro/meso Review of studies and 
data 

BIO, IFF, VITO (2011). Analysis of the key contributions to resource efficiency, Final Report, for the European Commission.  

Compilation of the correlation between recycling rates, and 
the level of employment in the recycling sector. This study 
makes an appraisal of the contribution of existing areas 
and policies to resource savings and resource efficiency.  
Recycling has a larger contribution than waste prevention 
and product design (easier to measure). Radical and 
fundamental restructuring of economic activity and societal 
structures in the medium to long term. Related to this, need 
for skills development.  

waste prevention, 
recycling, product 
design.  

Higher investments in sectors related to 
material savings efforts might create new 
employment opportunities. Employment rate 
in the recycled materials and weast man-
agement sectors in 2008 (in % of eco-
industries employment): Italy 59%, France 
38%, UK 28%, Germany 17%, EU-15 55%, 
EU-27 35%. More remanufacturing might 
have negative employment effects, as the 
fabrication phase is skipped. Jobs losses 
through re-use.  No employment effects 
might result from improving product design. 

national meso State-of-the-art overview 
of studies, reports and 
relevant literature for 
recycling, waste preven-
tion and product design 
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7.3 Insights from scenario analyses 

 
Scenario analyses can help to understand potential impacts of resource 
efficiency policies on the number of jobs. Scenarios can be regarded as 
illustrations of possible future developments – plausible and consistent, but 
not necessarily presenting a forward projection of historical and current 
trends. Therefore, they should not be seen as forecasts (Jäger et al. 2008). 
In particular, scenarios can be useful to understand uncertainties in a com-
plex system.  
 
In this chapter we summarise some studies that explore the relationship 
between resource productivity and employment and analyse the (simulated) 
employment effects in some scenarios that have recently been developed in 
order to improve resource productivity.

15
 In sum, the results indicate that the 

EU economy would gain with regard to employment.  
 
First simulations for the POLFREE project

16
 show that resource efficiency 

increases will lead to remarkable possibilities for aggregated win-win out-
comes: Meyer et al. (2015) calculated three alternative scenarios that com-
prise policy intervention as well as behavioural changes induced by intrinsic 
motivation, using the macro-econometric model GINFORS

17
 that was linked 

with the vegetation model LPJmL
18

. These scenarios intend to reach differ-
ent targets for 2050 (CO2 emissions reduction by 80% compared with 1990, 
reduction of the cropland footprint by 30 % compared with 2005, raw materi-
al consumption 5 tonnes per capita, water exploitation index below 20% in 
all EU countries).  
  
The results of the simulations show that in all scenarios the targets more or 
less can be reached with positive impacts on employment. In the scenario 
“Global Cooperation”, a wide range of policy instruments induces strong 
investments in new resource efficient technologies that lead to economic 
growth and job creation globally as well as within the EU via less extraction 
of resources and falling resource prices. However, extracting and resource 
exporting countries are the losers in this scenario. 
 
In the scenario “EU Goes Ahead” the EU introduces primarily economic in-
struments in addition to regulations that are designed in a way to avoid prob-
lems with international competitiveness. With the strategy to tax imports of 
certain goods with the same rate as sales from domestic production, the 
scenario yields higher GDP and employment figures for the EU than scenar-
io Global Cooperation. The reason is that the EU realizes first mover ad-
vantages in the introduction of new technologies. 
 
Scenario “Civil Society Leads” assumes that intrinsic motivation of consum-
ers and employees induces structural changes of the economy and enables 
societies of the EU (and all over the world) to achieve ambitious environ-
mental targets. Moreover, working time reductions by 20% and consumption 
decreases (to the level of 1995) are presumed. Although this scenario has 

                                                      
15

 For an analysis of further resource productivity scenarios see chapter 8.6 of the scientific 
background report of this scoping study.  

16
 See www.polfree.eu 

17
 See chapter 9.3 for a short description of the model GINFORS. 

18
 The model LPJmL ("Lund-Potsdam-Jena managed Land") is built to simulate vegetation 

composition and distribution as well as stocks and land-atmosphere exchange flows of carbon 
and water, for both natural and agricultural ecosystems (see https://www.pik-
potsdam.de/research/projects/activities/biosphere-water-modelling/lpjml). 

The ambitious 
environmental 
targets of the 
POLFREE project 
can be reached 
globally and in the 
EU with employ-
ment gains 

Scenario analyses 
indicate positive 
employment ef-
fects of resource 
productivity im-
provements 
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negative impacts on GDP growth (which means zero growth of GDP for the 
EU), it has higher employment effects than the other two scenarios.  
 
Within the NEUJOBS project

19
 Boitier et al. (2015) used the macro-

econometric model NEMESIS
20

 in order to investigate the employment impli-
cations of a socio-ecological transition. Assuming that the European Union 
has to face major employment and environmental challenges in order to 
manage a socio-ecological transformation, the authors propose two policy 
response scenarios in order to tackle these challenges, both in a “friendly” 
and a “tough” economic context. The first scenario called “Ecological mod-
ernization” only comprises market-based instruments. The bundle of in-
struments consists of a carbon tax, a decrease of labour cost and R&D sub-
sidies. Compared to the reference scenario, it is possible to create 4 million 
additional jobs in the “friendly” context until 2030, corresponding to an in-
crease of 1.7%. These positive employment effects result from higher 
economic activity (+1.9% for GDP in 2030) and the reduced labour 
costs, which incentivise firms to hire employees. In the “tough” context, only 
1.3 million additional jobs can be created.  
 
In the second scenario, called “Sustainable transformation”, behavioural 
economics-based instruments are added to the market-based instruments. 
These additional instruments comprise awareness campaigns and new 
norms and regulations, aiming at favouring goods and services which fos-
ter the reduction of GHG emissions, and decreasing services and goods 
whose consumption is highly GHG intensive. The results of this scenario 
show that in the “Friendly” context, 4.4 million jobs can be created compared 
to the baseline, which is 400.000 more than in the “Ecological moderniza-
tion” scenario. This effect does not stem from GDP growth (which is lower 
than in the “Ecological modernization” scenario), but from substituting ener-
gy by more labour-intensive technologies in production, and by modified 
consumption behaviours, i.e. a higher demand for services than for goods. 
As the labour intensity of the service sector is relatively high, employment is 
enhanced. In the “tough” context, even 6 million additional jobs can be cre-
ated, however also unemployment is high (Boitier et al. 2015). 
 
Cambridge Econometrics et al. (2014) provide an analysis of different re-
source productivity targets for the EU, based on RMC data.

21
 The improve-

ment targets range from 1% to 3% a year (cumulative 15-30% by 2030). 
Policies to improve resource productivity are assumed to comprise three 
categories: private-funded measures (such as recycling systems e.g. in-
vestment in machinery to cut down raw material consumption per unit of 
production), public-funded capital investment to improve efficiency and mar-
ket-based instruments (such as a tax on the consumption of raw materials - 
biomass, minerals, metals and energy sources where applicable). Revenues 

                                                      
19

See www.neujobs.eu 

20
 NEMESIS is a comprehensive macro-econometric model estimated for each European 

country with coverage of 30 sectors. For non European regions, the model is less detailed  
except for the USA and Japan for which the level of detail is close to the European model. For a 
model description see http://www.erasme-team.eu/files/Manual_Part_I.pdf 
21

 The analysis is based on the macro-econometric model E3ME that links Europe’s economies 

to their energy systems and the environment.  The model covers 33 countries (the EU28 
Member States, Norway and Switzerland and three candidate countries), 69 economic sectors, 
43 categories of household expenditure, 13 types of household (including income quintiles and 
socio-economic groups such as the unemployed, inactive and retired, plus an urban/rural split), 
14 users of 7 different material types and 22 different users of 12 different fuel types. For a 
model description see 
www.camecon.com/EnergyEnvironment/EnergyEnvironmentEurope/ModellingCapability/E3ME.
aspx. 

A policy mix that 
comprises market 
based instru-
ments, awareness 
campaigns and 
regulations in-
creases employ-
ment via a higher 
demand for labour 
intensive services 
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from the market-based instruments are assumed to be reinvested, with the 
remainder used to lower labour taxes. The modelling results suggest that 
improvements of 2-2.5% a year could have a net positive impact on EU-28 
GDP. An annual resource productivity improvement of 2% could create two 
million jobs. 
 
For the project WWWforEurope

22
 Kratena and Sommer (2014) quantify dif-

ferent resource use scenarios for Europe with a disaggregated dynamic New 
Keynesian (DYNK

23
) model covering 59 industries and five income groups of 

households. One scenario assumes a focus shift in technological change 
from labour/capital saving towards energy/resource saving (without any 
change in the overall TFP growth), which could be reached either by en-
hanced investment in R&D or by the taxation of energy and resources. Such 
a shift leads to more employment and higher disposable household income. 
Energy demand and greenhouse gas (GHG) emissions increase less than in 
a business as usual scenario, while DMC/capita is (only) slightly decreased 
(due to rebound effects from increased household income). 
 
Another scenario predicting a radical reduction of resource use per capita 
introduces a price for CO2 (tax or auctioned permits) where the revenues are 
redistributed via lower employers' and employees' social security contribu-
tions. The price for CO2 starts with 25 EUR/t in 2011 and increases linearly 
to 250 EUR/t (in 2005 prices) in 2050. Consequently, GDP is negatively 
affected. However, this does not mean that GDP actually declines, but that 
the average annual growth rate of GDP is lower, i.e. the decrease in DMC 
and emissions is not only a result of decoupling. Greenhouse gas emissions 
decline by almost 50% until 2050, and DMC by about 20%. The modelling 
results show that a policy of GHG reduction has additional benefits for DMC 
reduction. In sum, the results of the scenario imply that absolute decoupling 
is possible and compatible with positive employment effects in the mid-
term. However, the results for the labour market are different in the short- 
and in the long-run. Until 2030, the amount of jobs rises although GDP is 
affected negatively, while beyond 2030 the employment effects turn negative 
due to the increasingly negative GDP effect (compared with the business as 
usual scenario) (Kratena/Sommer 2014). 
 
Furthermore, Kratena and Sommer (2014) show that the positive employ-
ment effects of 0.33% (compared to the reference scenario) are the result of 
major sectoral shifts: Whereas the public sector and the transport sector 
lose, employment is created in the electricity sector as well as in some man-
ufacturing and service sectors.  
 
Meyer et al. (2011) illustrate that a policy mix of recycling, taxation and in-
formation and consulting has the potential to initiate win-win situations with 
rising GDP and employment on the one hand, and falling material require-
ments, especially for metals, in almost all countries on the other hand. This 
study suggests that absolute decoupling of economic growth from material 
consumption does not necessarily need a general global agreement. A re-
duction of Total Material Requirement (TMR) by 1% is accompanied by an 
increase in employment of 0.04 to 0.08%, which corresponds to 100,000 up 
to 200,000 jobs for the EU-27. 
 
Table 3 summarises the presented scenario modelling results with respect to 
employment. 
 

                                                      
22

 See www.foreurope.eu 
23

 For a description of the DYNK model approach see chapter 9.3.1 and/or Kratena and Som-
mer (2014).  

Positive employ-
ment effects of a 
green tax reform 
are the result of 
sectoral shifts  
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Tab. 3. Selection of studies dealing with employment effects of resource productivity improvements (insights from scenario modelling) 

Scenarios Description Target  Employment effects 
Geograph-
ical cover-

age 

Time 
span 

Modelling ap-
proach 

Project POLFREE (see Meyer, B., Distelkamp, M., Beringer, T. (2015). WP 3 – Report about integrated scenario interpretation. GINFORS results. Deliverable of the project POLFREE) 

Scenario “Global Cooperation”: a 
mix of policy instruments is installed 
globally that can be characterized as 
“Everything, but hard market inter-
ventions”.  

The scenario does not exclude 
economic instruments completely, 
but it does without those which need 
strong administrative interventions, 
which may not be accepted world-
wide. 

 CO2 emissions reduction by 80% 
compared with 1990, 

 reduction of the cropland footprint by 
30 % compared with 2005, 

 raw material consumption 5 tonnes 
per capita, 

 water exploitation index below 20% in 
all EU countries.  

The necessary investment in new 
technologies creates economic growth 
and more jobs globally and in the EU 
via less extractions of resources and 
falling resource prices. The extracting 
and resource exporting countries are 
losers of this development. 

EU-28 and 
EU coun-

tries 

2050 Integrated as-
sessment model-
ling exercise: 
GINFORS was 
linked with the 
vegetation model 
LPJmL 

Scenario “EU Goes Ahead”: the 
EU countries meet their ambitious 
targets by a policy mix that is domi-
nated by economic instruments.  

The instruments like taxes and 
subsidies mainly induce changes on 
the supply side of the economy, on 
energy and material inputs and on 
the entire structure of production of 
the economy.  

 CO2 emissions reduction by 80% 
compared with 1990, 

 reduction of the cropland footprint by 
30 % compared with 2005, 

 raw material consumption 5 tonnes 
per capita, 

 water exploitation index below 20% in 
all EU countries. 

With the strategy to tax only final 
demand with the exclusion of exports 
the scenario EU Goes Ahead yields 
higher GDP and employment figures for 
the EU than scenario Global Coopera-
tion. The reason is that the EU realizes 
first mover advantages in the introduc-
tion of new technologies. 

EU-28 and 
EU coun-

tries 

2050 Integrated as-
sessment model-
ling exercise: 
GINFORS was 
linked with the 
vegetation model 
LPJmL 

Scenario “Civil Society Leads”: 

The EU countries meet their ambi-
tious targets by “bottom-up” instru-
ments, which means that intrinsic 
motivation of agents is ruling struc-
tural change.  

On the demand side of the economy 

and the supply side of the labor 
market behavioral change of con-
sumers and employees being part of 
the civil society induces structural 
change.  

 CO2 emissions reduction by 80% 
compared with 1990, 

 reduction of the cropland footprint by 
30 % compared with 2005, 

 raw material consumption 5 tonnes 
per capita, 

 water exploitation index below 20% in 
all EU countries. 

Scenario Civil Society Leads has the 

highest employment figures of all three 
POLFREE scenarios. This fits with the 
preferences of Civil Society of this 
scenario whereas the lower GDP will 
not be counted in this “Beyond GDP” 
world. 

EU-28 and 

EU coun-
tries 

2050 Integrated as-

sessment model-
ling exercise: 
GINFORS was 
linked with the 
vegetation model 
LPJmL 

Project WWWforEurope (see Kratena, K., Sommer, M., (2014). Model Simulations of Resource Use Scenarios for Europe, WWWforEurope Deliverable) 

Scenario “Best practice”: assumes 
a shift in focus of technological 
change from labour/capital saving to 
energy/resource saving (without any 
change in the overall TFP growth), 
which could be reached by invest-
ment in R&D or taxation of energy 
and resources. 

This scenario is implemented in the 
DYNK model by assuming a shift in 
the factor bias of technological 
change without any changes in TFP 
growth 

Scenario designs for Europe that allow 
the economy to meet targets of consider-
able reduction of resource use (refers to 
energy use and greenhouse gas emis-
sions, to the input of metals and industrial 
minerals as well as of construction miner-
als).  

positive employment effects: 23.26% 
compared to the baseline scenario in 
2050 

EU-27 2050 Scenario analysis 
with the Dynamic 
Neo-Keynesian 
(DYNK) model 

Scenario “Radical transformation” 
introduces a price for CO2 (tax or 
auctioned permits), where the 
revenues are redistributed by lower 
employers' and employees' social 
security contributions.  

The price for CO2 is taken from a 
scenario in the EU roadmap for 
radical GHG emission reduction and 
starts with 25 EUR/t CO2 in 2011 and 
linearly increases 250 EUR/t CO2 in 
2050. 

Scenario designs for Europe that allow 
the economy to meet targets of consider-
able reduction of resource use (refers to 
energy use and greenhouse gas emis-
sions, to the input of metals and industrial 
minerals as well as of construction miner-
als). 

positive employment effects in the mid-
term, negative effects in the long-term 
(–1%); unemployment reduces until 
2020, and increases afterwards 

EU-27 2050 Scenario analysis 
with the Dynamic 
Neo-Keynesian 
(DYNK) model 
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Scenarios Description Target  Employment effects 
Geograph-
ical cover-

age 

Time 
span 

Modelling ap-
proach 

Project NEUJOBS (see Boitier, B., Lancesseur, N., Paul, Z. (2015). Modelling the European policy response to the challenges arising from the socio-ecological transition. NEUJOBS Working Paper No. D.9.3.) 

Scenario “Ecological moderniza-
tion” both in a “Friendly” and a 
“Tough” economic context. The 
bundle of instruments only compris-
es market-based instruments and 
consists of a carbon tax, a decrease 
of labour cost and R&D subsidies.  

In the "friendly" context a fast eco-
nomic upturn is assumed, allowed by 
the restart of the world demand and 
the moderate constraints relative to 
deleveraging and energy cost. The 
“tough” version assumes a lasting 
economic stagnation, induced by the 
recent debt crisis, along with a high 
unemployment rate up to 2030. The 
strong decline of European popula-
tion, and especially of the working 
age population, is an additional 
weight for European economies.  

In order to choose the best policy mix for 
the scenario, an optimization program 
was designed in which employment was 
the variable to be maximized. Further-
more, three constraints were imposed, 
namely the respect of the -40% GHG 
emissions objective and the non-
deterioration of both the public and the 
external balances.  

4 million additional jobs in the “Friendly” 
context until 2030, corresponding to an 
increase of 1.7% compared to refer-
ence scenario (1.3 million additional 
jobs in 2030 in the Tough scenario) 

EU-28  2030 Scenario analysis 
with the macro-
econometric model 
NEMESIS 

Scenario “Sustainable transfor-
mation”: behavioural economics-
based instruments are added to the 
policy mix of "Ecological moderniza-
tion" both in a “Friendly” and a 
“Tough” economic context.  

For "friendly“ and “tough” see scenar-
io Ecological modernization. 
 
Additional instruments comprise 
awareness campaigns and new 
norms and regulations, aiming at 
favouring goods and services which 
foster the reduction of GHG emis-
sions, and less services and goods 
whose consumption is highly GHG 
emitting. 

Before implementing these instruments, a 
theoretical framework is provided (mainly 
references from the behavioural econom-
ics and from the decision theory) to justify 
the modification of the utility functions of 
consumers and producers in the NEME-
SIS model. 

The results of this scenario show that in 
the “Friendly” context, 4.4 million jobs 
can be created compared to the base-
line, which is 400.000 more than in the 
“Ecological modernization” scenario.  In 
the Though context, 6 million additional 
jobs can be created. High structural 
shifts on the labour market, leading to a 
reorientation of employment from 
industrial sectors to services sectors.  

EU-28  2030 Scenario analysis 
with the macro-
econometric model 
NEMESIS 

Cambridge Econometrics et al. (2014). Study on modelling of the economic and environmental impacts of raw material consumption 

Analysis of resource productivity 
targets for the EU, based on RMC 
data. 

Policies to improve resource produc-
tivity are assumed to comprise three 
categories: private-funded measures 
(investment in machinery to cut down 
raw material consumption per unit of 
production), public-funded capital 
investment to improve efficiency and 
market-based instruments (tax on the 
consumption of raw materials - 
biomass, minerals, metals and 
energy where applicable).  

Improvement targets for resource produc-
tivity range from 1% to 3% a year (cumu-
lative 15-30% by 2030). 

The modelling results suggest that 
improvements of 2-2.5% a year could 
have net positive impact on EU-28 
GDP. An annual resource productivity 
improvement of 2% could create two 
million jobs. 

EU-28  2030 Macro-econometric 
modelling (model 
E3ME) 

Project MACMOD (see Meyer, B., Bleischwitz, R., Giljum, St., Pollitt, H. (2011). Macroeconomic modelling of sustainable development and the links between the economy and the environment. Final project report. GWS, 
Osnabrück) 

Scenario "Recycling, taxation and 
information and consulting" 

The scenario assumes a policy mix of 
recycling, taxation and information 
and consulting that has the potential 
to initiate win-win situations with 
rising GDP and employment and 
falling material requirements, espe-
cially for metals, in almost all coun-
tries. Absolute decoupling of eco-
nomic growth from material con-
sumption does not necessarily need 
a general global agreement. 

TMR reduction of 1%p.a. A TMR reduction of 1% is accompanied 
by an increase in employment of 0.04 
to 0.08%, which corresponds to 
100,000 to 200,000 people for the EU-
27. 

EU-27 2030 Macro-econometric 
modelling (Com-
parison of GIN-
FORS and E3ME) 
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The results of the scenario analyses described in this chapter suggest that 
an appropriate policy design offers a series of pathways for a more sustain-
able Europe in terms of enhanced resource productivity. It may be induced 
by the decrease of material resources, and may include the promotion of 
eco-innovations and the stimulation of the development of new technologies 
(see also the next chapter for a more detailed analysis of different drivers of 
resource productivity). However, strategic policy making will rely on the se-
lection and application of suitable tools and instruments. By combining the 
results of the different analysed scenarios, the following (preliminary) in-
sights and conclusions can be drawn: 

 There is a broad array of policy instruments that can be used to im-
prove resource productivity.  

 A policy mix that comprises economic or market based instruments, 
voluntary and informational instruments and regulations has the po-
tential to increase employment via a higher demand for labour inten-
sive services. 

 In the case of an environmental tax reform the use of revenues can 
have very important effects on employment levels. 

 A shift in focus of technological change from labour/capital savings 
to energy/resource savings which could be reached by investments 
in R&D or by the taxation of energy and resources leads to higher 
employment. 

 Resource efficiency policies might maintain or increase employment 
levels even when there is a reduction in GDP growth in the formal 
economy.  

 The scenarios that stimulate resource productivity are flexible in the 
sense that resource productivity can increase in various areas where 
there are potentials (by material category, sector and country) and 
the (underlying?) targets can be adopted by each Member State ac-
cording to its socio-economic context. 

 
As mentioned before, scenario analysis enables to evaluate different projec-
tions for political actions under certain socio-economic conditions and cir-
cumstances. In the following chapter we analyse the employment effects of 
different types of drivers that have the potential to increase resource produc-
tivity in more detail. 
 
 
 

7.4 The impact of different types of drivers for resource productivity 
on employment 

In general, increases in resource productivity might stem from a broad varie-
ty of factors, such as price development of raw materials and energy fuels, 
structural change, technological change and (eco-)innovation, transition to a 
circular economy or environmental policy. The implications on employment 
may vary and are always influenced by the respective factors leading to 
higher resource productivity. In the following we shortly explain how some of 
these drivers of resource productivity impact employment.

24
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 A more detailed analysis of the employment effects of each driver considered can be found in 
the scientific background report to this scoping study. 
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7.4.1 Employment effects of resource-driven structural change 

 
Material, energy and labour productivity can considerably differ among 
sectors because some activities inherently demand more high-skilled la-
bour, more capital and more material and energy inputs than others. Aggre-
gate productivity developments are therefore not only determined by techno-
logical change in individual sectors, but also by changes in the distribution of 
production factors among sectors (Mulder/de Groot 2007).  
 
Whereas some sectors will benefit from restructuring impacts of resource 
productivity increases, others will have to face increased resource costs and 
a drop in demand. Job gains from ecological driven structural change are 
likely to occur in those manufacturing sectors that are labour intensive. 
Many green sub-sectors have a higher labour intensity than conventional 
equivalents, which can increase employment. For example, investments in 
repair, remanufacturing and reusing seem to augment direct employment, 
but might have negative indirect employment effects, as the fabrication 
phase is skipped.  
 
Job losses can also be expected in resource and energy intensive sectors 
because of shrinking demand or prohibiting specific operations and process-
es. In this respect it is important to differentiate short-term and long-term 
effects. Employment losses due to output declines in the short run can be 
fully offset by longer term employment gains in other industries. 
 
It should also be noted that not only sectoral shifts from resource productivity 
increases will occur but also substitution effects within a sector. A study 
assessing the opportunities to business of improving resource efficiency 
(AMEC/BIO 2013) finds that resource efficiency measures might lead to a 
substitution of materials by labour. In the case of eco-design, for example, 
time spent designing is compensated by material savings. Instead of materi-
als, firms might be able to buy more eco-design services. More focus on the 
reparability of products would enhance the product quality, extend the 
lifespan and increase the labour share of some products (i.e. the proportion 
of labour among production inputs rises), while reducing the material re-
quirements in the production process. 
 
Furthermore, it has to be considered that the increase in resource efficiency 
activities induces the relocation of employees from non-green jobs to green 
jobs. Thus, coherent education and training that focus on short and long 
run strategies are essential to avert skill bottlenecks that may delay the de-
velopment of new value chains or the deployment of new technologies.  
 
Regarding skill requirements, it can be assumed that skill levels are being 
raised as a consequence of technical change and (eco-)innovation (Sling-
enberg 2009; Boitier et al. 2015). This tendency can be explained by the fact 
that technical change is associated with the need for higher-level skills, 
which also holds true for green technical change. The results of a simulation 
study reveal that the higher the investments in new technologies (of which 
many are energy-saving or related to new forms of energy generation), the 
greater the demand for people in higher skilled jobs. This particularly applies 
to professional and associate professional ones. Another study suggests 
that in the EU-15, the share of high-skilled labour in low-carbon intensive 
sectors is higher compared to the share in high-carbon intensive sectors 
(EC-ILO 2011).  
 

In general, skill 
levels are being 
raised as a con-
sequence of tech-
nical change and 
eco-innovation, 
although they vary 
in different sectors   

Job gains from 
ecological driven 
structural change 
are likely to occur 
in those manufac-
turing sectors that 
are labour inten-
sive 

Job losses can be 
expected in re-
source and ener-
gy intensive sec-
tors 

Substitution ef-
fects within a sec-
tor are also con-
sequences of 
resource produc-
tivity improve-
ments  
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Labour market adjustments and employment transition will particularly affect 
low-skilled and older employees. Therefore, it is essential to address this 
adjustment process with an appropriate policy mix to ease the negative con-
sequences on those most affected by a green transition. 
 
 
7.4.2 Employment effects of technological change and eco-innovation 

 
The promotion of eco-technology and eco-innovation

25
 can also be 

viewed as an important factor to job creation. Innovation (especially eco-
innovation) as well as investments in green technologies are a vital part for 
augmenting resource productivity. In this context, public finance is important. 
On the one hand, direct public spending, e.g. investments in R&D for envi-
ronmental technologies or cleaner infrastructure provision, plays a central 
role. On the other hand, also indirect instruments (e.g. different forms of 
public guarantees) should not be neglected, as they are able to promote 
green investments by households and firms (UNEP 2010). 
 
The effects of (eco-)innovation on employment within a company depend 
on the kind of innovation (especially whether process or product innovation 
is implemented), technology and the country-specific context.  
 
Employment effects of process innovation are closely related to productiv-
ity changes, while product innovation induces employment growth mainly 
via demand for the new or improved product.  
 
As the total employment impact of each type of innovation is not explicitly 
deductible and depends on a number of product-, technology-, firm-, sector- 
as well as country-specific factors, it has to be determined empirically.  
 
However, empirical analyses on the employment consequences of envi-
ronmental innovations are still rare due to data gaps. In general, these stud-
ies reveal positive effects of eco-innovations on employment, although 
product innovations tend to play a more important role than process 
innovation. Most studies detect that especially eco-product innovation is a 
significant driver of employment growth. Whether non-environmental product 
innovation is still more likely to increase employment than environmental 
ones is not so clear (Horbach et al. 2015; Licht/Peters 2014).  
 
Concerning sectoral consequences, positive net employment effects of 
eco-innovation are connected with substantial job turnovers. 
 
With regard to process innovation, findings of empirical research are 
equivocal. Whereas some studies observe that cleaner technologies can 
create more jobs than end-of-pipe technologies, this cannot be confirmed by 
others. In general, process innovations seem to induce small displacement 
effects. Thus, empirical results do not confirm the often feared negative em-
ployment effects of environmental process innovation. Hence, there seems 
to be some potential for increasing the use of cleaner production technolo-
gies and end-of-pipe technologies in manufacturing as well as in services. 
All in all, further research is needed to assess the impacts of environmental 
process innovations on employment  
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 The Eco-innovation Observatory defines eco-innovation as „any innovation that reduces the 
use of natural resources and decreases the release of harmful substances across the whole 
life-cycle”

 
 (see http://www.eco-innovation.eu/). 
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However, resource productivity requires an understanding of innovation that 
goes beyond the established categories of process, product and system 
innovation and “captures innovation across the material value chains of 
products and processes that lower the material intensity of use while in-
creasing service intensity and well-being. It aims to move societies from the 
extract, consume, and dispose system of today's resource use towards a 
more circular system of material use and re-use with less resource use 
overall” (Bleischwitz 2010).  
 
This category of innovation also supports the transition to a circular econo-
my, which is the topic of the next chapter. 
 
 
7.4.3 Employment effects of a transition to a circular economy 

 
The term circular economy refers to an economy „in which material flows are 
either made up of biological nutrients designed to re-enter the biosphere, or 
materials designed to circulate without entering the biosphere“ (UNEP 
2012), with reuse and technical recycling as key strategies. Thus, a circular 
economy aims at eliminating waste. By moving to a more restorative eco-
nomic system, we can expect substantial and lasting improvements in re-
source productivity. 
 
Many authors consider a transition to a circular (instead of a linear) economy 
to be a promising strategy to meet the environmental and economic chal-
lenges (among others: EMF 2013, TNO 2013, Preston 2012), since numer-
ous possible advantages can be expected, including material cost savings, 
reduced price volatility, improved security of supply, potential job gains (e.g. 
with respect to service providers and recycling companies), as well as re-
duced resource use and environmental impacts.  
 
Although a transition to a circular economy will create winners and losers, 
the net employment effect tends to be positive. Scenario modelling studies 
for the global, European and country level (examples of UK, Netherlands 
and Sweden)

26
 all show substantial job gains of a transition to a circular 

economy on the macro level. 
 
One important element of the circular economy, recycling, has been ana-
lysed by various studies. Although studies investigating the employment 
potential of higher levels of recycling and reuse show wide variations in 
methodology and availability of data, their key messages are very similar – 
namely that recycling creates significantly more jobs than waste disposal 
through landfill or incineration. 
 
Efforts resulting in increased recycling activities affect all phases of the pro-
duction process (from exploration to smelting and refining), thus leading to 
job losses in the respective sectors.  
 
Furthermore, moving waste up the hierarchy increases the potential to cre-
ate jobs. This is because the labour intensity in the upper tiers of the waste 
hierarchy, such as preparation for reuse and recycling, is much higher com-
pared to disposal and incineration. 
 
Although recycling rates for some materials are already high, considerable 
improvements can be achieved, e.g. via product designs that extend life-
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 Global: EMF (2014), Europe: EMF et al. (2015), UK: ESA (2013), The Netherlands: TNO 
(2013), Sweden: Wijkman and Skånberg (2015). 
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times, deliver the same service with less material requirement, and facilitate 
repair and resale, product upgrades, modularity and remanufacturing. 
 
So far, recycling is generally seen as a waste management policy, while it 
would be much more effective as regulation (measure/instrument) on the 
input side (e.g. a certain share of construction materials or metals is required 
to come from secondary sources (Fischer-Kowalski/Wiedenhofer 2014). 
 
While empirical research on recycling is already more advanced, only a few 
studies have analysed the employment effects of resource-efficient busi-
ness models that constitute another important element of a circular econo-
my. Further research is needed in order to assess the employment effects of 
such models.  
 
The magnitude of the employment effect of a transition to a circular economy 
does not only depend on the availability of suitable skills but also on the 
labour-intensity of the resource productivity policies. Some activities 
require higher labour skills, more capital and higher material and energy 
inputs compared to others. It has been shown that remanufacturing, recy-
cling and reuse are good strategies to extend employment. This is only one 
of the reasons why a circular (instead of a linear) economy can be seen as a 
viable strategy to address environmental and economic challenges. Current-
ly, however, the degree of circularity is relatively low and could be substan-
tially increased by suitable policies.  
 
 
7.4.4 Employment effects of environmental policy 

 
Ensuring high employment levels is generally the target of employment poli-
cies. These include, first, demand policy, aiming at increasing the demand 
for employees. Demand policies contain demand- and supply-side economic 
policies, technology policy, reduction and flexibilisation of working time, as 
well as employment-oriented wage policy. Second, supply policy refers to 
the adjustment of labour supply to existing workplaces, involving a reduction 
of the professional life (e.g. by prolonging periods of education or sabbati-
cals), policies towards foreigners and migration policies. Third, labour market 
policies, in the narrow sense, are targeted at balancing supply and demand 
on the labour market. Instruments used are employment services, training 
policies as well as job creation schemes (Springer Gabler Verlag 2015).  
 
Having in mind that Europe does not only have to deal with severe environ-
mental challenges, but is also facing difficult labour market conditions, the 
question arises whether environmental policies could also help to enhance 
employment. In this chapter, we summarise the literature that estimated the 
employment effects of some policy options that are mainly designed to re-
duce environmental degradation and resource use and thus increase re-
source productivity. 
 
Environmental policies may induce a change in relative prices of raw materi-
als or set new green-oriented standards. This may result in increasing re-
source and environmental productivity due to investments in innovation (in a 
broad sense) and new capital stocks (Mohnen and Hall 2013). The actual 
effects of environmental policies, however, always vary according to the 
respective firm, national circumstances and policies, the economic situation 
and the time horizon. For example, the reactions may turn out to be defen-
sive or proactive, short or longer term. In order to compensate the increasing 
compliance costs associated with new environmental regulation, firms may 

The degree of 
circularity is rather 
low, on global as 
well as on EU 
level 
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reduce other costs (labour, investment, innovation). Another possible strate-
gy would be to relocate or outsource part of their activity. Especially in the 
medium or longer term, it is conceivable that firms decide to shift their activi-
ties to new products and markets, or try to enhance the efficiency of their 
processes by investing in (environmental) innovation. In the long run, firms’ 
environmental and economic performance will be influenced by the set of 
strategies adopted (OECD 2015a). 
 
Environmental policies that affect employment in the long term, will have a 
greater impact on the distribution and composition of jobs, rather than the 
overall employment. Employment levels are determined by a number of fac-
tors, including the size of the labour force, the participation rate and the long 
run equilibrium rate of unemployment. In addition, policies implementation 
can create transitional costs associated with sectoral reallocation and job 
losses. For instance, low skill jobs could be created, and put back to work 
people who were previously unemployed (Rayment et al. 2009).  
 
However, carefully designed policy measures have the potential to yield 
positive, albeit small, net effects on employment. This is mainly based on 
the overall aim of environmental policies to correcting the prevailing tenden-
cy of economic overuse of natural resources and underuse of human re-
sources. Environmental policies might also result in job losses, as they in-
crease the demand for certain sectors or products which causes shifts in the 
composition of the employment across sectors. Such shifts on the sector or 
firm level might also lead to transitional costs and indirect effects, including 
substitution and income effects that depend on changes in relative prices of 
resources and wages, and in the crowding out of investment.  
 
With regard to environmental policy we considered the employment effects 
of market based instruments (environmental tax reforms and tradable per-
mits), standards and regulations, fostering green investments, as well as 
information and consulting programs. 
 

7.4.4.1 Employment effects of market based instruments 

Both, empirical evidence (e.g. Bach et al. 2002) and scenario modelling (e.g. 
Ekins 2009) show a (small) double dividend of environmental tax reforms. 
However to realise a double dividend, any revenues resulting from emission, 
energy or resource taxes should be re-channelled to the labour market. As a 
result, resource productivity will rise, whereas labour productivity will de-
cline, mainly because of the sectoral shifts from energy- and carbon-
intensive to labour-intensive industries. Thus, the positive effect on employ-
ment is not driven by labour productivity, but mainly by GDP. 
 
In contrast, employment effects of cap and trade (tradable permits) seem 
to be insignificant. The most consistent result across ex post assessments of 
the EU emission trade system (ETS) is that no significant employment ef-
fects can be observed.  
 
There are also studies assessing the employment effects of a whole bundle 
of market based instruments (e.g. Boitier et al. 2015). These studies show 
positive net employment effects resulting from higher economic activity and 
reduced labour costs. 
 
Expanding this policy mix of market based instruments by awareness cam-
paigns as well as standards and regulatory instruments would further in-
crease the positive impact on employment via a higher demand for labour 

The actual effects 
of environmental 
policy vary accord-
ing to the respec-
tive firm, national 
circumstances and 
policies, the eco-
nomic situation and 
the time horizon 
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labour costs 
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demand for labour 
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intensive services. These results indicate that market based instruments are 
central, but being supplemented by environmental regulation they are more 
conducive to employment growth. Especially environmental tax reforms ac-
companied by regulation are found to be the most appropriate way to stimu-
late a variety of innovations.  
 

7.4.4.2 Employment effects of environmental regulation  

The fear that jobs will be lost because of higher costs related to environ-
mental regulation cannot be confirmed by empirical evidence (see 
Dechezleprêtre/Sato 2014). Although significant adjustment costs may occur 
as employees change from declining (resource-intensive or polluting) to 
expanding (clean) sectors, in the long run, environmental regulations might 
evoke a substitution between resource-intensive and resource-efficient activ-
ities. The effect of this substitution on net employment is uncertain. Empirical 
evidence (e.g. Belova et al. 2013, Brahmbhatt, 2014), on this issue has so 
far been mixed. If at all, it reveals statistically insignificant or small effects on 
employment in regulated sectors. 
 
Another interesting question would be, whether environmental policy strin-
gency

27
 does influence employment and productivity. Research results 

(Morgenstern et al. 2002, Boitier et al. 2015) show small to significant effects 
of the stringency of environmental regulation on employment, but no nega-
tive effects. Furthermore, it has been demonstrated that more stringent envi-
ronmental policies had little effect on overall productivity growth 
((Koźluk/Zipperer 2013; Albrizio et al. 2014, 2014a; Botta/Koźluk 2014). 
There may be winners and losers, but any effects have tended to fade away 
fastly. The most productive, technologically advanced firms saw a temporary 
boost in productivity after rules became more stringent, being in the best 
position to adapt. Less productive firms have seen their productivity falling, 
while some may have terminated activity. 
 
To sum up, the frequently expressed fear that environmental regulation 
might induce job losses or decreases in competitiveness in most cases is 
not justified. However, environmental regulation does not necessarily create 
employment.  
 

7.4.4.3 Employment effects of public green investment 

Public finance has a crucial role to play in fostering green investments. Di-
rect public expenditure, e.g. through support for research and development 
in environmental technologies or cleaner infrastructure provision, as well as 
indirect support (e.g. through different forms of public guarantees) can force 
green investment by households and firms and also stimulate employment 
(UNEP 2010). 
 
For example, counter-cyclical public spending on green infrastructure can 
be seen as an appropriate tool to create jobs. In times of low private de-
mand, governments can be viewed as employers of last resort, able to sup-
port both jobs and aggregate demand.  
 

                                                      
27

 Environmental policy stringency can be defined as the ”scope and success in implementation 
of environmental policy” (Harring 2008) and indicates “how ambitious the environmental policy 
target is, relative to the baseline standard and the determination of the government to enforce 
the environmental regulation“ (Chen 2008). 
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It is commonly assumed that green investment programs may yield positive 
employment effects, thereby generating both short-term employment and 
long-term productivity improvement. However, it also has to be born in mind 
that such policies might crowd out jobs elsewhere and lead to job layoffs in 
resource intensive sectors. Infrastructure investment might also enhance 
productivity in the private sector. 
 
With regard to the employment effects of investments in infrastructure the 
timing and the duration of job creation is an important topic (Bow-
en/Kuralbayeva 2015). It has to be differentiated between construction, 
manufacture and installation, where jobs may be temporary, and ongoing 
operation, maintenance and fuel processing, where the duration of jobs de-
pends on the durability of the relevant investment. 
 
Short-term effects are easier to estimate. Over the long term, only the impact 
on the composition, not the overall level, of labor demand can be predict-
ed, as the impact of infrastructure investments on the overall level of eco-
nomic activity inter alia depends on the degree of productive slack in the 
economy, the stance of monetary policy, and how the investments are fi-
nanced (Economic Policy Institute 2014).  
 
In general, the investments in green infrastructure should support such activ-
ities and sectors that are labour intensive in order to increase the employ-
ment gains. 
 
Public investment in green infrastructure became a common feature of fiscal 
stimulus packages. Green stimulus programs should help to overcome 
shocks or crises. The objective is to create a multiplier effect which gener-
ates further income and employment growth. Such packages show potential 
to create employment in the short term by using labour capacities.  
 
It can be concluded from the literature that most policies temporarily boosted 
employment as a result of increases in economic activity. However, in many 
cases these positive employment effects took the form of saving rather than 
creating jobs.  
 

7.4.4.4 Employment effects of information based programs 

Information, consulting and support help to better use the potentials for re-
source efficiency improvements at the company level. There is a wide range 
of programs supporting resource efficiency measures at the business level. 
Providing some examples for the UK (e.g. ENWORKS or the National Indus-
trial Symbiosis Programme), it can by shown that such programs have re-
sulted in substantial employment gains in the past. Systematically applying 
such programs throughout the EU could positively affect environment, econ-
omy and employment (RPA 2015). 
 
It has been shown that increased investments in sectors related to material 
savings are able to generate new employment opportunities. However, in 
some sectors efforts to improve resource productivity and environmental 
policies might also result in job losses, as they alter the composition of em-
ployment across sectors. For this reason it is important to consider net em-
ployment effects when assessing the suitability of environmental policy to 
create jobs.  
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7.5 Conclusion from the literature review on the employment effects 
of resource productivity increases 

 
The discussion of the employment effects of some selected drivers of re-
source productivity revealed that there are different ways of assessing the 
employment-related effects and it is not easy to generalize the results of 
the different approaches.  
 
The evaluation of the consequences of augmenting resource productivity for 
employment presents a considerable challenge. There is a wide range of 
different analyses that incorporate many aspects on various levels, such as 
firms, sectors, and economy as a whole, or individual countries, the Europe-
an and the global level, short and long term effects as well as ex post and ex 
ante assessments. 
 
The environmental challenges, as well as the options for addressing them, 
and labour market conditions differ widely between countries and between 
economic sectors. Thus, expertise on modelling of aggregate labour markets 
and macro-economic correlations is crucial for a proper assessment of 
changes in direct and indirect labour demand, as well as first-round and 
induced employment effects.  
 
Even more challenging is to draw comprehensive conclusions. It seems to 
be the case that resource productivity improvements can create sizable ad-
ditional employment. However, sometimes only gross effects are taken 
into account, ignoring the potential of job losses in resource and energy 
intensive industries. Also labour market rigidities, reducing the displacement 
of workers across sectors, contributing to the maintenance of structural un-
employment are often not considered. Some analyses solely focus on the 
short-term effects on employment going hand in hand with involuntary un-
employment, but neglect the long-term effects on growth and productivity 
(Bowen/Kuralbayeva 2015). 
 
There seems to be some evidence that especially low-skilled and older em-
ployees are negatively affected by a transition to a resource-efficient society. 
However, there is also considerable potential to improve the assessment of 
impacts on job quality (skill requirements) and to differentiate between age, 
sex as well as qualification and educational level of the affected workers.  
 
Furthermore, there is more research needed in order to better understand 
sectoral and country differences as well as the effects of individual drivers 
that have not been in the focus of research so far (e.g. new resource-
efficient business models). 
 
Nevertheless it can be concluded that all of the considered drivers of re-
source productivity have a role to play and must be used together in order to 
achieve the highest possible employment gains from the transition to a re-
source-efficient society. In order to avoid negative distributional effects it is 
thus crucial to manage the adjustment process to a resource efficient econ-
omy with the right policy mix that goes beyond environmental policy and 
includes social policy in order to mitigate the negative consequences on 
those most affected by a green transition.  
 
 

  



The interaction of resource and labour productivity  

 

SERI – Sustainable Europe Research Institute 46 

8 Econometric and statistical analysis of the determi-
nants of resource productivity 

 
In addition to the literature review the scoping study comprises a preliminary 
empirical analysis

28
. In order to better understand the system dynamics of 

raw material use, beyond the analysis of productivity indicators, this study 
also applied regression analysis to identify the major drivers for resource 
use and to assess as well the interactions between such drivers over time 
and across countries.  
 
The analysis of the driving forces of resource productivity is based on 
population density, R&D expenditure, energy consumption and employment 
and carried out for the EU as a whole during 2000-2012. Due to data limita-
tions it was not possible to carry out this analysis across sectors. Further 
analyses, once sectoral resource use data becomes available for each coun-
try, would provide a more nuanced understanding of the interaction between 
employment and resource productivity. 
 
Since the main interest was to analyse the impact of variables that vary over 
time, a fixed-effects (FE) model was chosen as appropriate methodology. 
FE models explore the relationship between predictor and outcome variables 
within an entity (country). Each entity has its own individual characteristics 
that are time-invariant and may influence the predictor variables (for exam-
ple the political system of a particular country could have an effect on trade 
or GDP). Using demeaning variables is a common approach in fixed-effects 
models and was also taken for this analysis

29
.  

 
The regression model demonstrates a positive and statistically significant 
relationship between resource productivity and employment. One has 
to keep in mind that both the dependent variable (resource productivity) and 
the independent variable (employment) are expressed in logarithms. This 
means that according to above results a one percent increase in employ-
ment numbers is associated with a 0.6 percent increase in the expected 
levels of resource productivity in the same year. 
 
The estimated coefficients show how resource productivity varies with the 
explanatory variables (“factor effect”). While this approach is an improve-
ment over modelling resource productivity without fixed effects, a direct use 
of these figures by policy makers is not suggested at this stage. Ana-
lysing the relationships between resource productivity and employment in 
different sectors would provide a more comprehensive view and show room 
for action.  
 
The empirical results highlight that R&D expenditure and energy con-
sumption are important drivers for resource productivity (in addition to 
the drivers regarded in the literature review). This is also in accordance with 
the empirical literature. For example, Luintel et al. (2010), by studying 16 
OECD countries, established that R&D was the main determinants of 

productivity for the period 1982‐2004. This study found a significant positive 
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 This chapter summarises the most important results. Additional information can be found in 
the scientific background report of this scoping study. 

29 
In this method the within-subject means for each variable (both the independent variables and 

the dependent variable) are subtracted from the observed values of the variables. Hence, within 
each subject, the demeaned variables all have a mean of zero. For time-invariant variables, the 
demeaned variables will have a value of 0 for every case, and since they are constants they will 
drop out of any further analysis. This controls for all between-subject variability (which may be 
affected by omitted variable bias) and leaves only the within-subject variability for the analysis. 
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relationship of R&D expenditure and resource productivity for the 28 Euro-
pean Member States for the period 2000-2012. Along with the literature and 
the results of the empirical analysis, R&D expenditure seems to confirm that 
innovation can reduce the quantity of raw materials used in production and 
consumption processes and should be of concern to policy makers as ex-
pansion of these sources may contribute to resource productivity increase.  
 
Energy consumption is also a relevant factor for resource productivity and 
indicates the importance of energy efficiency. For instance, Kratena and 
Sommer (2014) suggest from their “best practice scenario” that a shift in 
technological change could also be the outcome of certain policies, such as 
investment in R&D or taxation of energy and resources.  
 
Shifts on the sector or firm level might lead to transitional costs and indirect 
effects, including substitution and income effects that depend on changes in 
relative prices of resources and wages, and in the crowding out of invest-
ment. The main question is whether the net (economy-wide) impact as op-
posed to the gross (firm level) impact of environmental policies is positive. 
Observing the relationship between resource productivity and employment in 
different sectors over time would give a more comprehensive view. 
 
Further analysis, once sectoral resource use data becomes available for 
each country, would therefore provide a more nuanced understanding of the 
interaction between employment and resource productivity. Moreover, in 
order to further illuminate the relationship between employment and re-
source productivity, explanation on whether employment levels vary across 
different resource productivity/efficiency policies would be required. 
 
It has to be reminded at this stage that this analysis had the purpose to act 
as a scoping study and to indicate a way forward for future studies once data 
becomes available. Data availability and time constraints limited the depth of 
the analysis. 
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9 How are resource use and resource productivity inte-
grated in economic models? 

 

9.1 How are resources considered in growth theory? 

The environment and natural resources have never found a strong footing in 
the traditional growth theory. In this paradigm, the ecosystem is theorized as 
a subsystem of the economy whose main functions are extraction (the envi-
ronment as a source of natural resources) and waste disposal (as a sink for 
waste products). Herfindahl and Kneese (1974) indicate as another major 
aspect that the environment also provides amenity services and general life 
support for individuals and human societies as a whole. However, it is im-
portant to note that they also consider natural resources as (a specific type 
of) capital, or production (input) factor, and, as a consequence, assume a 
high degree of substitutability with manufactured capital goods (Pollitt et al. 
2010). 
 
In order to inform policy makers properly about employment and growth 
effects of resource productivity, resource use must be adequately integrated 
into economic models. One important issue would be to include natural capi-
tal and ecosystem services into accounts of capital stocks and into produc-
tion functions. The production function should be able to show improvements 
in resource productivity, separately from total factor productivity. This would 
allow to disclose the explicit accounting of energy and material resources. 
Furthermore, the type of the production function should be able to demon-
strate the incomplete substitutability between the production factors (Jack-
son, 2009).  
 
In recent years, several studies and analyses dealt with the integration of 
natural resources into growth models, although adding resources to the pro-
duction function is not a straightforward task. Resources are not one ho-
mogenous category; some are depletable while others are renewable, some 
have a price while others are for free, some are raw materials while others 
are intermediary products, etc.  
 
Our analysis showed that the literature referring to natural resources and 
productivity is very fragmented and therefore hinders the knowledge transfer 
within academy and to policy makers (Besco 2014). 
 
 

9.2 How are resources currently considered in different economic 
modelling approaches? 

Since most growth models are not suitable to analyse structural effects
30

, 
more sophisticated modelling approaches (CGE models, macro-
econometric models, environmentally extended input-output models, System 
Dynamics models) have also been investigated.  
 
The integration of resources into such models can be achieved in various 
ways, ranging from simple parameterisation of resource or emission intensi-
ties, up to the development of integrated assessment models which are ca-
pable of providing feedback to the economy in case of changes in ecological 
costs or resource prices.  
 
In some cases, the resource scarcity is controlled a posteriori, ensuring that 
the resource stock will not be passed within the time frame of the simulation. 
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 Because they are usually highly aggregated. 
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However, this is based on the assumption that the deterioration of the stock 
does not affect the economy. In the short run, this approach might be justifi-
able, since the negative economic impacts of the overuse of the resources 
may not be noticed. But in the long run, it is unlikely that economic agents do 
not react to the decrease of the resource stock, especially if physical effects 
can be directly perceived (TNO 2014). 
 
Some models incorporate the resource constraint by considering natural 
resources as an input of the production function (Calzadilla et al. 2010). 
Since these approaches are rooted in neo-classical equilibrium theory, the 
demand for one resource is equal to the exogenous given supply at every 
period (because of perfect flexible prices). Within this theoretical framework, 
it is impossible that the demand for the resource is lower than the resource 
constraint (TNO 2014). 
 
Some efforts aim at integrating different models into one modelling 
framework in order to improve the integration of resource constraints in 
economic models: For example, the recent POLFREE project

31
 links the 

economic-environmental model GINFORS (by GWS) with the vegetation 
model LPJmL (by PIK). It therefore allows for integrated assessments by 
simultaneously modelling the socio-economic impacts of ambitious climate, 
abiotic resource extraction, land use and water exploitation targets. The 
POLFREE modeling exercise comprises EU member states, but also all 
other countries of the world and develops plausible policy mixes appropriate 
for different governance conditions. 
 
From the theoretical considerations on the suitability of the models investi-
gated we can conclude that each of the investigated approaches has its 
strengths and shortcomings. Another crucial aspect is the improvement of 
data availability and quality, in order to advance the integration of resource 
productivity into economic models. 
 
 

9.3 What relevant aspects should be considered in order to proper-
ly integrate resources in economic models and better link re-
source productivity to jobs? 

For an appropriate assessment of its impacts on growth and employment it 
is not only necessary to adequately integrate resource use/productivity, 
but also to address the economic mechanisms associated with the drivers 
of resource productivity in the modelling framework. Our literature review on 
the integration of resource productivity in economic models suggests to (bet-
ter) incorporating a series of themes/aspects that are shortly discussed in 
the following sub-chapters. 
 
 
9.3.1 Consideration of physical limits, resource stocks and constraints  

Current models are usually based on the assumption that resource use is 
demand driven and that the supply of resources follows demand. Therefore, 
a deteriorating resource stock will not be considered in the economic choic-
es of agents. This does not correspond to reality, where economic variables 
are in fact influenced by certain resource constraints (TNO 2014). If physical 
limits, such as maximum carrying capacities are not covered, models skip a 
wide range of factors, such as price changes of scarce material inputs or 
non-linearities in impact (Pollitt et al. 2010).  
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  See www.polfree.eu 
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It is important to adequately integrate the demand for natural resources in 
physical terms into the economic system, which among other things means 
that the interaction of supply and demand has to be considered. Concerning 
the integration of resources a commonly used distinction comprises fossil 
fuels, construction minerals, metallic minerals, biomass, water and land. 
 
Furthermore, currently available (sustainability) models are mainly designed 
in flow-oriented paradigms that neglect the dynamic interaction with stocks 
and the important role of the substitution of flows by stocks in order to re-
duce material throughput. Wiedenhofer/Fischer-Kowalski (2015) point out 
that “in macro-economic models capital is usually only represented via its 
monetary value on capital costs, depreciation and relative prices, without 
much technical or biophysical information on the stocks of capital and infra-
structure themselves“. Exceptions are System Dynamics approaches, such 
as the models WORLD5 or FALSTAFF

32
. 

 
 
9.3.2 Production- and consumption based approaches 

Macroeconomic analysis should include both a production perspective of 
resource use stressing the use of resources in national production and a 
consumption perspective covering the appropriation of resources for national 
consumption (Røpke 2011).  
 
While the production-based approach assesses the resource use taking 
place within a country/region, including resource use required to produce 
both domestic final consumption and exports, the consumption perspective 
includes the domestic production for final consumption as well as the total 
direct and indirect resource use associated with imports serving domestic 
final consumption (Giljum et al. 2014). Thus, a consumption based perspec-
tive considers whether productivity gains in industrialized economies might 
in fact be due to outsourcing of material consumption. Both approaches de-
liver valuable information. The consumption-based perspective provides 
information how (much) a country depends on foreign resources and the use 
of global absorptive capacity for emissions (e.g. Schaffartzik et al. 2013, 
Wiedmann et al. 2013). The production-based perspective enables a com-
parative analysis of labour, capital and resources on regional and global 
levels, which can be used to further analyse their respective productivities. 
 
 
9.3.3 Full integration of resource flows (two-way linkages between environ-

ment and economy) 

A more systematic way of modelling the two-way linkages between the envi-
ronment and the economy could lead to a better integration of resource 
flows in economic models. Pollitt et al. (2010) state that “[…] environmental 
factors are usually only allowed to influence the economy through price-
based measures, such as taxation. Other environmental impacts, such as 
loss of tourism due to degradation or loss of ecosystem services, are often 
excluded“ (Pollitt et al. 2010). 
 
While some material inputs are exhaustible natural resources, others are 
renewable to differing extents. The supply of each renewable input depends 
on the state of its supporting ecosystem. In principle, one should measure 
each environment-related input along with capital, labour and other inputs 
(OECD 2015). 
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 See chapter 9.3 of the scientific background report of this scoping study for short model 
descriptions. 
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9.3.4 Illustration of technological change 

The illustration of technological change requires a careful representation of 
the production process and the use of goods, capital and the appropriate 
technology. Technological change can be modelled in terms of substitution 
between different technologies and/or in terms of changes in individual tech-
nologies (Luptacik/Stocker 2005).  
 
The way in which energy and materials are transformed in the economic 
process mainly depends on the state of technological knowledge. This im-
plies that technological progress may change the composition of the material 
basis and the environmental impacts of economic processes (Mulder et al., 
1999). It is connected with material and product substitution, since it can 
facilitate substitution and recycling. It can also lead to changes in product 
design or process efficiency, thereby allowing for reductions in the quantity 
of material used for a product (Elshkaki et al., 2004).  
 
 
9.3.5 Consideration of structural change 

The shift to a resource-efficient economy is associated with restructuring 
impacts throughout the economy, both in the short and long term. Whereas 
some sectors will experience a higher demand for specific goods and ser-
vices, others will have to face increased resource costs and a drop in de-
mand. Economic models must be able to show these structural shifts. A 
sectoral model enables to identify specific burdens to different sectors or 
societal groups and to offset them by supporting measures. Thus, the transi-
tion to sustainable development can be achieved without major social and 
economic trade-offs (see e.g. Duchin, 1998). 
 
It is not only important to take into account the direct changes in resource 
and labour intensity on the firm level (for example a new production process 
with higher labour productivity). There are also indirect effects such as inter-
linkages with other sectors and net changes in investment requirements as 
well as compensatory effects of cost changes and their transmission into the 
overall economy that have to be considered (Walz 2011).  
 
 
9.3.6 Consideration of price and cost effects 

As many resource productivity policies focus on price changes, an important 
issue is the capability of the model to show price and cost effects and their 
impacts on the labour market (global resource price dynamics, national cost 
dynamic of factor inputs, reaction of output prices and wage, resulting in-
come effects). 
 
Furthermore, the costs of additional technological change induced through 
innovation, environmental or industrial policy etc. should be addressed. The 
proper assessment of a potential double dividend stemming from the intro-
duction of resource taxes (as part of an environmental tax reform that reduc-
es taxes on labour) will also have to be taken into consideration (Walz 
2011).  
 
Compensation effects can be split up into price, income and technology mul-
tiplier compensation effects. Assuming a competitive market, the compensa-
tion occurs through changes in output prices. The consumption of all goods 
will adapt according to their price elasticity. Transferred via the adjustment of 
the wages, this form of compensation will change consumption according to 
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the income elasticity of demand. Finally, if the compensation is transferred 
via increased profits, effects on investments of firms may result (ibid). 
 
Income multipliers and accelerator effects are relevant, if short term 
measures are considered (e.g. green stimulus programmes) that may have 
an impact on the business cycle. However, in general any policy supporting 
environmental innovations will be designed for the medium to long term. 
Thus, it is necessary to demonstrate its implications from the beginning.  
 
 
9.3.7 Consideration of different forms of investment 

Investments in environmental innovation can crowd out other investments, 
which may have productivity effects. The overall effects of environmental 
innovations on productivity are determined both by the direct character of the 
eco-innovation and by the effects on the volume of investments.  
 
 
9.3.8 Allowing for institutional changes 

The transformation towards a resource efficient economy would involve radi-
cal institutional changes – implying changes of the causal relationships – 
that should be incorporated in economic modelling frameworks. 
 
Røpke (2011) points out that “macroeconomic models are based on given 
institutions. Minor institutional changes may be analysed in the models, such 
as changes of pension schemes, unemployment benefits or tax rates, but 
the transformations needed to cope with the large challenges would involve 
more radical institutional changes – implying changes of the causal relation-
ships. […] Presently, many sensible political measures are ‘shot down’ be-
cause they would create problems within the given institutional framework, 
and this may call for changes of the framework rather than giving up the 
measure. Free movement of capital across borders is an example of an insti-
tutional framework that limit the political space of action“. 
 
 
9.3.9 Detailed representation of the labour market 

The representation of the labour market should consider the quality of la-
bour inputs, accounting for skills, sex, education and employment status of 
the workers.  
Hepburn and Bowen (2013) ask for “the combination of microeconomic evi-
dence about key labour market parameters with more realistic models of 
how labour markets actually work at the aggregate level, bearing in mind 
that there are important differences across countries at different levels of 
development and subject to different macroeconomic pressures.” 
 
Key differences that have often been neglected include (Hepburn/Bowen 
2013): 

 The reasons for existing unemployment, 

 the influence of market institutions on wage setting and the provision 
of training, 

 the ease with which workers can find new jobs in different sectors 
and locations, 

 the competitiveness of labour markets, and 

 the reach and terms of public employment promotion, taxation and 
social benefits. 
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9.3.10   Uncertainty and risk 

The impact of risk and uncertainty on environmental and economic process-
es is another important issue that should be addressed in economic models. 
For example, the resource use is subject to uncertainty over the future de-
mand for the resource, or over the reserve base that will ultimately be avail-
able for exploitation. These uncertainties are likely to be present in most 
exhaustible resource markets, because of the inherent long-run dynamics 
involved in resource production.  
 
Most economic models abstract from the problem of uncertainty. In practice, 
economic agents must deal with changing scarcities of natural resource 
inputs and, in some cases, volatilities in prices and decide whether these 
changes must be seen as long-run developments or short-run fluctuations 
(OECD 2015). Thus, uncertainty has an impact on human behaviour, par-
ticularly in the case of investment decisions.  
 
In addition, uncertainty can also result from the model itself and its various 
assumptions. Using different input assumptions (sensitivity analysis) can 
help to address this kind of uncertainty (Pollitt et al. 2010).  
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10 Policy implications and recommendations  
 

The evaluation of employment effects of an improved resource productivity 
represents a considerable challenge. There is a wide range of different anal-
yses that incorporate many aspects on various levels, such as firms, sectors 
and the economy as a whole as well as for individual countries, the Europe-
an and the global level. Analysis of short and long term effects as well as ex 
post and ex ante assessments have been undertaken. Based on the litera-
ture review and the empirical work, a number of insights emerged, from 
which some important policy lessons regarding the interlinkages and better 
integration of resource productivity on the one hand and economic growth 
and employment on the other hand can be derived: 

 There is a strong link between resource productivity and employ-
ment. High levels of employment are usually accompanied by high 
levels of resource productivity.  

 “Well designed” policies aiming at increasing resource productivity 
can have a positive impact on employment. In brief, socioeconomic 
factors must be considered when creating policies which aim at in-
creasing resource efficiency, since there is a relationship between 
the two factors. Resource (efficiency) policy may be designed as 
one part of an integrated economy policy framework and comprise 
an appropriate mix of policy instruments, including regulatory, eco-
nomic and voluntary instruments. 

 However, potentials, costs and benefits will have to be evaluated 
from the very beginning. Even if the overall conclusion is that em-
ployment impacts may be positive, job losses within and shifts be-
tween certain sectors may occur and have to be considered. Thus, a 
compensation of the losers may have to be part of the agenda.  

 Shifts on the sector or firm level might also lead to transitional costs 
and indirect effects. These include substitution and income effects 
that depend on changes in relative prices of resources and wages 
as well as on the crowding out of investment. The main question is 
whether the net (economy-wide) impact as opposed to the gross 
(firm or sector level) impact of environmental policies will be posi-
tive. 

 The empirical analysis that was part of this study reveals that R&D 
expenditure has a highly positive impact on resource productivity, 
thus the promotion of resource-efficient production patterns is useful 
for improving resource productivity. This can be achieved through 
research and technological advancement as well as appropriate 
economic and policy guidance.  

 According to the empirical analysis, sustainable energy consumption 
is another determining factor for resource productivity. Higher ener-
gy consumption influences resource productivity to a greater extent 
in countries that are more dependent on conventional energies than 
in those that use a higher share of renewable energy. Alternative 
energy schemes which lead to less fossil fuels consumption, in gen-
eral contribute to higher resource productivity and may have positive 
effects on the labour market. A relevant policy could be to incentivise 
private and public sectors in using more efficient technologies to re-
duce the consumption of fossil fuels. 

 Our theoretical considerations on the suitability of the models inves-
tigated lead us to the conclusion that all approaches have their 



The interaction of resource and labour productivity  

 

SERI – Sustainable Europe Research Institute 55 

strengths and shortcomings. However, the improvement of data 
availability and quality is also of crucial importance in order to ad-
vance the integration of resource productivity in economic models. 

 Models used to assess the employment effects of resource produc-
tivity improvements often do not adequately address resource con-
straints and the substitution (im-)possibilities between the different 
input factors (labour, capital, material, energy) leading to unrealistic 
results.  

 There is more research needed in order to better understand the dif-
ferences between sectors and countries as well as the effects of in-
dividual drivers that have not been in the focus of research so far 
(e.g. new resource-efficient business models). 

 Moreover, the varying labour market conditions between countries 
and between economic sectors as well as the qualitative impacts on 
labour (skill requirements) are another important topic for further re-
search, in order to improve policy advice. 

 Labour market rigidities that diminish the shift of workers across sec-
tors and do not reduce structural unemployment are very often ig-
nored. Some studies overlook the long-term effects on growth and 
productivity and do only account for short term employment effects 
in situations of involuntary unemployment. 
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11 Limitations and further research needs  
 
Resource productivity as well as labour and capital productivity are indica-
tors that reflect both the development of the economy and the environment. 
However, the interrelationships between socio-economic and environmental 
processes are highly complex and available information, judgement of ex-
perts and public awareness are often controversial. Therefore, the criterion 
of policy relevance from this study refers to a reduction of this complexity 
rather than to a full understanding. In other words, it refers to the capacity of 
reducing this complexity and providing relevant and useful information for 
decision making and public discourse.  
 
This scoping study provides evidence that data availability and quality is 
essential for assessing the impacts of resource productivity on employment. 

In recent years, decision makers asked for establishing RMC as the lead 
indicator for the EU resource efficiency strategy

33
. For this purpose it is im-

portant to supplement figures on a country level
34

. Recently, Eurostat has 
published the 'Country RME tool' for compiling RME-related estimates at the 
country level

35
. Since RMC/RME-based estimates at the country level are 

challenging, calculating RME of product flows at sectoral levels for all EU 
Member States would be rather difficult. However, examining resource 
productivity at the sectoral level is of great importance as each sector shows 
different material use patterns.  
 
A feasible solution might be to focus on some sectors for representative 
countries. Still, constructing a time series might turn out to be resource and 
time consuming. Another option includes case studies on individual country 
experiences which could prove to be useful for other Member States. For 
example, the construction sector is one of the most important sectors in the 
European Union. It generates about 10% of GDP and positively influences 
the growth of employment in other related economic activities. Furthermore, 
the Netherlands could be an interesting country to study for its high resource 
productivity in the agricultural and the construction sector. 
 
An already well established and regularly updated project is the Exiobase

36
 - 

a global, detailed Multi-regional Environmentally Extended Supply and Use / 
Input Output (MR EE SUT/IOT) database. Version 3 will comprise 200 sec-
tors in 44 countries and 5 rest of the world regions for the years 1995-2015. 
According to involved partners, sectoral data will possibly be available in 
2016. 
 
Another approach is to use just direct extraction all over the world data in 
primarily monetary models (such as GINFORS) and estimate the impact of 
policies on the extraction in relation to growth and employment effects. Even 
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 European Commission (2011). A resource-efficient Europe – Flagship initiative under the 
Europe 2020 Strategy. Communication From The Commission To The European Parliament, 
The Council, The European Economic And Social Committee And The Committee Of The Re-
gions. Brussels, 26.1.2011 COM(2011) 21. 
34

 Eurostat regularly publishes results on raw material equivalents (RME) of product flows at 
EU-27 level. 

35
 Establishing the full EU calculation model on a country level would be rather resource 

consuming and suffer from limited data availability (Eurostat 2015). Therefore, applying the full 
Eurostat RME model or another model with a similar degree of detail would only be an option 
for a few countries. The country RME tool offers two methods, the “coefficient approach” and 
the more sophisticated and more data demanding “combined input-output table (IOT) / 
coefficient approach”. 

36
 See www.exiobase.eu/index.php/about-us/partners 
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if this does not explicitly deliver figures for productivity, it reveals the relative 
effects on labour, capital and resources on regional and global levels, which 
can be used to further analyse the productivities in question. 
 
In addition, there is a lack of adequately measuring the quality of labour in-
puts, accounting for skills, gender, education and employment status of the 
workers. Eurostat, in collaboration with the JRC-IPTS, is currently running a 
project that aims at improving labour productivity indices by disseminating 
time series of productivity indicators for Member States. The first dataset will 
be available in spring 2016 for the years 2002 to 2012. Data on capital 
productivity should follow later on in 2016. 
 
Another way forward would be the development of a more comprehensive 
econometric analysis that would allow a better understanding of the relation-
ship between potential drivers such as R&D and energy demand. As the 
examined variables show a significant relationship with resource productivi-
ty, going on a sector-by-sector analysis would provide insights as for exam-
ple to which sectors are receiving more R&D and in which countries R&D is 
having the most impact on productivity. Accommodating or systematically 
examining more potential drivers is an integral aspect of a future economet-
ric analysis. 
 
The empirical part of our analysis – as of many other studies - was based on 
describing correlations rather than the causalities. This is due to the fact that 
the identification of causal relationships is a difficult task in terms of method-
ology and goes beyond the scope of this study. Finding causalities was left 
to the literature review, where we described the results of some comprehen-
sive modelling efforts that show the interlinkages between resource produc-
tivity improvements and social, environmental and economic indicators.  

In conclusion, the empirical part of this scoping study was not only an exer-
cise to provide a preliminary statistical and empirical analysis of resource, 
labour and capital productivity, but also to open up possibilities for further 
investigation, once data will be available. Some topics that could possibly be 
explored through future analyses comprise:  

 Investigation of sectors which would be most affected by job losses 
due to resource efficiency policies or, in general, the transition to-
wards a more resource efficient economy in the EU. 

 Analysis of who within the labour force would be most susceptible to 
shifts in employment (which skill level, age group). 

 Studying of sectors that show high levels of capital investment and 
whether those sectors are the most/least resource/labour productive. 
A question to look at is whether labour is being replaced by capital in 
these most/least resource productive sectors. 

 Understanding of the effects of R&D on resource productivity on a 
sector level, comparing between Member States and establishing 
reasons for differences, if there are some. 

 

Additionally, some questions that require further investigation are presented 
in the following table. 
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Tab. 4. Future research questions 

Pending questions 
How they can be investigat-
ed further 

What is currently 
missing (data, time, 
etc.) 

What kind of jobs are 
created and lost? 

The contribution of workers 
varies across production and 
sector. For example, the mix 
of skilled and unskilled work-
ers that are employed in the 
same sector can underesti-
mate or overestimate average 
labour productivity. 

Thus, the appropriate labour 
measure would require incor-
porating the quality of the 
labour inputs accounting for 
the education level of the 
worker, the employment status 
etc.  

Yearly data on em-
ployment status by 
sector (skill level, edu-
cation, age, etc.) 

Does an improvement 
in resource productivi-
ty lead to more or 
better jobs? 

The process begins with a 
question: what effect does 
imposing some treatment in 
resource productivity have on 
employment? 

Advanced econometric meth-
ods for causal inference from 
observational data can be 
used to answer this question. 

A more comprehensive view 
of the effect in a sectorial 
analysis. 

A narrow literature 
review and a consider-
able timeline is need-
ed.  

Is there a substitution 
between the use of 
materials and labour, 
to which degree and 
under which circum-
stances? 

Substitution elasticities be-
tween the use of materials and 
labour need to be examined 
under a well based economic 
framework by sector. 

A narrow literature 
review and a consider-
able timeline to clarify 
empirically the substi-
tutional relationships 
based on a theoretical 
framework. 

An example of data 
that probably would be 
needed are: yearly 
data on prices and cost 
shares of material, 
capital, labour 

How are global mate-
rial flows related to 
final consumption in 
different sectors in a 
country over time? 

Further investigation over time 
in order to better understand 
the system dynamics of raw 
material used by sector 

Time series data on 
material flows that are 
related to final con-
sumption by sector 

What are the respec-
tive shares of labour 
and capital costs 
embodied in material 
costs? 

No suggestion Appropriate data is 
missing 
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