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Abstract 

 

Model-based Development of Scenarios for a Sustainable Europe 

This report seeks to support the formulation and implementation of policies which help to steer the European 

Union towards a sustainable future. It charts out plausible development paths, assuming that such paths will 

have implications for the conceptualisation, adoption and implementation of environmental policies. In fact, de-

pending on developments in areas ranging from demographics to foreign policy, contexts can arguably be found 

which make it more difficult to adopt and implement sustainability-oriented policies and measure and contexts 

which are actually supportive. In addition to the qualitative analysis, the report then presents simulations based 

on a macro-economic-environment model which indicate how the interaction of key assumptions and policies may 

play out in the future and how key environmental and socio-economic variables respond to different assumptions 

and policy settings. The simulations show that the quantitative dimensions of the above contexts exert far from 

negligible impacts on these variables compared to both the baseline and plausible scenarios, thereby underpin-

ning the view that policy makers should be sensitive to the environments in which their policies are being imple-

mented. 
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Executive Summary 

Purpose and general objectives of scenarios 

Scenarios seek to conceive alternative futures and their potential consequences. Looking 

behind the veil of unspoken assumptions, which often underlie policy decisions, scenarios 

help policy makers to become aware of, and explore different development paths, how 

these paths might unfold and which risks are likely to emerge. 

General approach 

The study follows a “Story-and-Simulation” approach. It develops three different qualita-

tive scenarios (“stories”) about how Europe might evolve over the coming decades, 

which are then enriched and complemented with model based simulations using a mac-

ro-economic-environment model. 

Methodology 

The “stories” are elaborated taking recourse to previous Commission work on futures 

scenarios which has been critically examined, slightly corrected and amended where 

necessary taking into account recent economic and geopolitical developments and 

trends. 

From scenarios to simulations 

For the simulations, the E3ME model developed by Cambridge Econometrics was used on 

the grounds that it provides data on a wide range of environmental and socio-economic 

variables with sufficient geographical and sectoral detail. Numerical assumptions was 

chosen combining the implications of the aforementioned “stories” with an extensive re-

view of futures studies regarding energy prices, population trends etc. In addition, quali-

tative assumptions about possible policies inherent to each “story” were translated into 

quantitative assumptions for each scenario. In choosing assumptions, differences be-

tween scenarios were sought to be maximized to make scenarios interesting and test the 

capabilities of the model while remaining in the realm of what is plausible given our cur-

rent knowledge. 

Numerical simulations 

The study presents numerical results for a wide range of variables. To facilitate the ex-

position, only the envelope of country paths, comprising the countries with the highest 

and the lowest changes with respect to the starting point of the simulations, are depicted 

for the EU. The results show a substantial amount of variation among Member States for 

almost all variables as well as a significant impact of assumptions concerning e.g. energy 

prices or migration. 

Conclusions 

The macro-economic-environment model has proven to be a robust tool to simulate a 

range of interesting scenarios with far-reaching policies, many of which clearly beyond 

what is currently on the agenda. The results indicate that achieving an absolute decou-

pling of economic growth and environmental pressures may pose a substantial challenge 

for the EU as whole as countervailing trends for population growth and energy prices 

may thwart the effects of even the most ambitious policy agendas.  
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1. Introduction1 
As technologies develop at exponential rates, societies change rapidly and today’s deci-

sions impact generations to come, it becomes increasingly important for policy makers to 

have a long-term vision of what the future might hold. Such a vision can be created 

through developing scenarios which seek to conceive alternative futures and their poten-

tial consequences. Scenarios explore the future through “what if...” statements. They 

thereby help policy makers to become aware of and explore different development paths 

and how these paths might unfold. Hence portraying images of how Europe might look 

like in the future can provoke critical thinking and reflections on the challenges and op-

portunities that may lie ahead and thus help policy makers in making better decisions. 

This is all the more the case if decisions are to be taken, e.g. on the Investment Plan for 

Europe recently proposed by the European Commission,2 whose concrete manifestations 

will literally be visible for decades to come and whose impacts may still be felt at a time 

when everything else is history. 

Concomitantly, scenarios allow us to look behind the veil of unspoken assumptions which 

often underlie policy decisions. They help to avoid risks and to assess the robustness of 

decisions. (Perez-Soba and Maas 2015). What happens, for instance, if energy prices in-

crease more (or much less) than what was assumed at the time when ETS was intro-

duced? Will the system still function well or will it show inacceptable side effects? What 

happens if current population projections crumble under the onslaught of millions of ref-

ugees from Africa and the Middle East? Will that be a welcome relief from the (alleged) 

perils of ageing societies, or does it imply that Europe ambitious climate policies face 

even greater challenges given the demand for additional housing and infrastructure 

which migration will induce? 

Note that scenario building draws on various disciplines and skills – from economics and 

economic modelling to political and environmental sciences. It is thus a genuinely scien-

tific exercise, which nevertheless, akin to architecture or engineering, requires also artis-

tic and creative skills. And similar to a building or a machine, scenarios are made for a 

purpose. Scenarios building can therefore be seen as an emblematic case of science for 

policy. By its very nature, it is a scientific exercise that pursues objectives which trans-

gress the advancement of scientific knowledge tout court and that, for the very same 

reason, is ideally placed in an institution like the JRC whose raison d'être it is to provide 

independent scientific advice and support to EU policy. 

Scenarios so conceived should not be confounded with forecasts. Forecasts claim to fore-

tell what will, or at least is likely to happen in the future. Scenarios, on the other hand, 

seek to identify what may plausibly happen without attaching, as a rule, a certain proba-

bility to any specific event (de Jouvenel 2000). Plausibility so understood only requires 

that a scenario does not contradict our current knowledge about nature and society. As a 

consequence, forecasts can be falsified by actual events while scenarios cannot. Scenari-

os remain plausible no matter whether future reality has any resemblance with a scenar-

io or not. Hence unless the likelihood of each forecast is allowed to assume arbitrarily 

small values there is a much greater number of plausible scenarios than of likely fore-

casts. See Rosenbaum, et al. (2012) and the literature therein for further details. 

                                           
1 See authors are very grateful to Lorenzo Benini for his generous help in preparing the present report. 
2 An Investment Plan for Europe, COM(2014) 903 final 
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Arguably, more essential than the above factual differences between scenarios and fore-

casts appear to be the underlying conceptual divergences and the implied raison d’être 

of both instruments. Forecasts assume that the future is somehow fixed and that it can 

be discovered. The objective of forecasts, then, is to be able to respond proactively to 

impending events with a view to lessen their (negative) impacts or benefit from the op-

portunities they provide. Forecasts seek, in that sense, to reduce uncertainty and chart 

out the territory through which mankind is going to wander on its predetermined path to 

eternity. Scenarios, by contrast, are based on the view that the future is nothing that 

has to (or can for that matter) be unveiled, but something which mankind constructs it-

self (de Jouvenel 2000, Lindgren and Bandhold 2003). Seen from this perspective, sce-

narios do not seek to reduce uncertainty as there is nothing about which one could be 

certain in the first place. They do not provide a map but rather the blueprint(s) of a fu-

ture that is yet to be decided upon (de Jouvenel, 2000) and that, in this sense, is fun-

damentally uncertain.3 

In this report, our aim is to contribute to the development of such blueprints with a view 

to support the formulation and implementation of policies which help to steer the Euro-

pean Union towards a sustainable future, a future that is, where all three pillars of sus-

tainability – the environmental, the social and the economic – are equally strengthened. 

In doing so, we will chart out plausible development paths. Each of these paths tells a 

different story starting from the world as it is today. Inevitably, not all stories are opti-

mistic. In fact, a fundamental but as we believe reasonable assumption we have made at 

the start is that environmental policies cannot be looked at in isolation. They are con-

ceived, decided upon and implemented in a specific context, which may be benevolent, 

neutral or hostile to such policies. Hence, depending on developments in areas ranging 

from demographics to foreign policy, we may find contexts which make it more difficult 

to adopt and implement sustainability-oriented policies and measures and contexts 

which are actually supportive. Importantly, however, even rather pessimistic stories are 

useful scenarios because they draw attention to critical factors and decisive junctions 

and thus improve the informational basis of policy making. To repeat, we do not intend 

to predict the future but to help building it.4  

2. General approach 

2.1 Elements of the scenarios 

Figure 1 depicts the three structural elements of our scenarios. The first element is the 

general background of each scenario. By this, we mean the general, at times global, 

context in which each scenario unfolds. This context concerns above all broad political 

and economic trends which we deem relevant for the design and implementation of sus-

tainability policies. Importantly, these trends and developments must not happen or be 

observable in Europe alone, but they are considered to impact what is going on in Eu-

rope politically and economically. Moreover, they are assumed to be exogenous in the 

                                           
3 It should be noted that the belief that forecasts can be used to steer action presupposes that these actions 
have no impact on the forecasted events. For if the actions change the future, then they also change their own 
presuppositions as either a self-fulfilling or self-destroying prophecy. 
4 This report differs in two important respects from previous studies undertaken by, or on behalf of, the Euro-

pean Commission. Thus the study by the Institute for Security Studies ESPAS (2015) focuses essentially on 
identifying broad social, economic and technological trends and thus seeks to forecast the future. Global Eu-
rope (European Commission 2012), by contrast, seeks to develop scenarios proper but does so from a much 
broader and therefore also less detailed (environmental) perspective. Moreover, our quantitative results focus 
primarily on intra-European differences while the Global Europe highlights differences between world regions. 
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sense that there is no explicit feedback from whatever is (assumed to be) decided poli-

cy-wise in Europe. Or, to be more precise, whatever happens in Europe politically and 

economically has already played out its effects in the global context. 

 

Figure 1: The links between assumptions, policies and background 

The second element concerns specific assumptions about key variables such as the level 

of raw materials or energy prices, population trends etc. These assumptions shape the 

scenarios and can be quantified to be used as direct inputs to the macroeconomic model 

we are using for the simulations and thus determine, together with the policy variables, 

its numerical results for all endogenous variables. Again, they are assumed to be exoge-

nous in the sense outlined above: whatever happens in Europe may have an impact but 

this impact has already been factored in. 

The last element to be considered is the set of policies which we want to simulate. This 

set is essentially determined by what can be simulated in the macro-economic model we 

are using. While such an approach has certainly its limitations, it also has significant ad-

vantages. On the negative side, it has to be acknowledged that many policies are by and 

large qualitative in nature and hence rather difficult, if not impossible, to implement in a 

model that presupposes quantification. This applies in particular to the regulatory 

framework which, despite attempts to quantify for instance the regulatory burden, large-

ly resists efforts to translate paragraphs (and changes thereof) into unambiguous fig-

ures. On the positive side, the need to quantify policies makes these less ambiguous and 

thus easier to assess and compare, also across different modelling contexts. In our opin-

ion, this is a major advantage of a model-based approach to scenario building in that it 

enforces already via the model a high degree of consistency. 

Assumptions Policies 

Scenarios 

Background 
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All three elements must be internally plausible and mutually consistent. In a very fun-

damental sense, plausibility means that a scenario must not contradict the laws of na-

ture. While this condition seems rather obvious and easy to comply with, it is not. The 

problem is not only that our knowledge about natural phenomena is still incomplete and 

at times uncertain; the problem is also (and more significantly) that the application of 

scientific discoveries in engineering gives rise to new and often surprising solutions 

which are difficult if not impossible to foresee and hence to incorporate in a scenario. 

The same is true for non-technological innovations such as new institutions which may 

have considerable impacts on societal and political developments and are often coupled 

with, or dependent upon, technological innovations. A case in point is the internet and 

the opportunities (but also risks) it has created for social interaction and business. It is 

probably fair to say that in the early 1990’s it would have required a rather vivid fantasy 

to imagine both and to catch only a glimpse of today’s (virtual) reality. With hindsight we 

know of course that such fantasies would have been justified, yet at the time, they may 

have seemed far-fetched and thence implausible. 

2.2 Other important considerations 

It is for this reason, amongst others, that we have refrained from assuming far-reaching 

technological breakthroughs even though we are sure they will happen. We simply do 

not know where this will be the case, how such breakthroughs look like and what their 

effects might be. In addition, we did not want to assume away the environmental chal-

lenges humankind is facing. After all, if we had assumed that quantum-leap-sized im-

provements in energy or material efficiency will be just around the corner, then the case 

for many dedicated sustainability policies would simply vanish.5 

As regards other assumptions, e.g. about prices or population trends, we have relied by 

and large on existing studies in order to gauge their magnitude (see below for details). 

Generally speaking, these studies rely on a combination of in-depth knowledge of, for 

instance, the market in question and/or past observations. Obviously, this amounts to a 

somewhat narrower understanding of plausibility than the one expounded above. Plausi-

ble now means that something has been observed in the past or at least, that our 

knowledge of the phenomenon in question (which again is based on past observations) 

supports the assumptions made. While this understanding may be criticised as being too 

narrow, the constraints under which we were working made it impossible to develop 

scenarios with more ambitious assumptions without having to venture too far out of our 

genuine field of expertise. 

An important aspect of scenario building which does not always get the attention it de-

serves is the assumed or implied time frame of a scenario. While it goes without saying 

that virtually every scenario has a temporal perspective in the sense that the “story” it 

tells unfolds over time, in particular more qualitative scenarios often leave this aspect 

rather opaque. In other words, whether the story can really happen during the period 

that is foreseen for the scenario is often as open a question as whether, contrariwise, the 

story is rich enough to fill that period. In the present context, our political scenarios con-

tain a number of elements such as the further enlargement of the European Union to-

wards Eastern Europe which suggest that at least 15 to 20 years would be required for 

                                           
5 For very much the same reason, we have also refrained from including surprise events in our scenarios. While 
such surprise events may have a profound effect on the future course of history, they can take on almost any 
conceivable form and content – from natural disasters to terrorist attacks, revolutions and wars. 
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this to happen.6 So a time frame of 35 years should be sufficient and may even be con-

sidered somewhat too long. This being said, the macroeconomic-environment model we 

are using to elaborate the quantitative side of our scenarios has been developed to cover 

a period of 35 years. Thus the quantitative elements of our scenarios are by design con-

sistent with the assumed time frame. 

Turning to the issue of consistency, this requirement implies first of all that assumptions 

do not contradict each other. For instance, if energy costs are known to constitute an 

important part of production costs for food, then higher energy prices are likely to go 

hand in hand with higher food prices. Hence, it would be inconsistent to assume higher 

energy prices without assuming higher food prices and vice versa. Similarly, higher 

population growth may imply higher food prices and possibly higher energy prices as 

demand expands and production capacities cannot keep pace. 

In addition, consistency also requires that assumptions, background and policies do not 

contradict each other. Again, this may seem obvious at first sight but can pose consider-

able difficulties when put into practice. In most cases, consistency is something that 

needs to be assessed case by case taking into account both empirical and theoretical ar-

guments. Thus it is one thing to argue that a certain geopolitical context is more likely to 

lead to higher prices for energy carriers such as crude oil, and it is something entirely 

different to say that this or that level can (or cannot) be expected.  

3. Methodology 

3.1 Workflow 

The workflow that has been followed in the present exercise is depicted in Figure 2. 

Starting from different background stories, a set of possible policies and the baseline as-

sumptions of the E3ME-macromodel which we will use in section 5, we first of all tried to 

identify among previously developed scenarios those which were broadly in line with past 

events (signposts) and thus could be considered to be suitable starting points for taking 

things forward. This approach was motivated by the fact that Commission services had 

already developed in the run-up to the millennium a set of scenarios that was supposed 

to guide Commission policies for the coming decade (Bertrand, et al. 1999). Upon re-

viewing these scenarios, we came to the conclusion that, rather than starting from 

scratch, we should develop these scenarios further.  

On this basis we then sought to identify both suitable assumptions with which to modify 

the baseline of the macromodel, and a set of related policies. Applying the criteria of 

plausibility and consistency, we finally developed three different scenarios and ran simu-

lations using the heretofore identified policies and assumptions. The approach we fol-

lowed can thus be characterised as “Story-and-Simulation” (Hisschemöller and Cuppen 

2015). 

 

                                           
6 For instance, negotiations on an Association Agreement between Czechoslovakia and the European Union 
started in 1990, the Agreement was signed by the Czech Republic and by Slovakia in 1993 while accession 
negotiation started in 1998 and 2000, respectively, culminating in the Accession on May 1st 2004. 
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Figure 2: Workflow of scenario development 

Definition of 
Characteristics, 
Level of Detail 
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Background 

Stories 

Existing Back-
ground Stories 

Set of Policies 

Baseline Set of 
Assumptions + 

Model Properties 

Scenario 1 

Scenario 2 

Scenario 3 Modified As-
sumptions 

Signposts + 
Significant Events 
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3.2 Starting point: Forerunners to the present exercise 

With the following three inherently different scenarios we try to provide a picture of how 

Europe might evolve over the next 40 years or so. These scenarios serve as a back-

ground and basis for the quantitatively more elaborate scenarios which we will develop 

in the remainder of this report. Hopefully, though, they will also stimulate discussions 

which are interesting in their own right. 

The three scenarios are a follow-up of sorts to the 1999 European Commission report 

“Scenarios Europe 2010” (Bertrand, et al. 1999) which was widely acknowledged and 

distributed at the time and which devised a robust methodology for developing scenari-

os. Arguably, the scenarios in the 1999 report have not been invalidated by events dur-

ing the last 15 years, and thus can still be used as a starting point in order to produce 

plausible political scenarios for Europe for the period 2020 to 2050. For an overview of 

these scenarios, see Annex I: Scenarios Europe 2010 – A Summary. 

3.3 Methodology for revising existing scenarios 

When reviewing and updating the EC 1999 report by incorporating significant events that 

have shaped the world since 1999, a special focus was put on exploring the possible im-

plications of these scenarios for environmental policies. In other words, we checked for 

each scenario whether or not environmental policies would become easier, whether the 

scenario would be neutral with respect to such policies or whether environmental policies 

would be more difficult to devise and implement. 

The approach that was used can be characterised by the following five steps (Figure 3): 

 

Figure 3: The methodology for revising existing scenarios 

Step 1 – Review the previous 1999 EC report and its 5 scenarios  

The first step was to review in detail the previous 1999 report and its scenarios. The 

themes of the scenarios from the EC 1999 report were kept, but updated, as they still 

manage in our view to capture the developments which are central for shaping Europe’s 

future. These are:  

 Institutions and Governance 

 Social Cohesion 

 Economic Adaptability  

 Integration of the EU  

 EU’s external environment 

In addition, the Key Variables in the scenarios were also taken over from the original re-

port. Major Key Variables are: 

Review 5 EC 
scenarios 

Check and 
incorporate 

events 2000-
today 

Check path-
dependence / 

Signposts  

Possible 
impact on 

environmen-
tal policies 

Choose/ 
finalize 3 
updated 
scenarios  
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 Technologies 

 Culture/Values 

 Politics 

 Administration 

 General Public 

 EU institutions 

 Labour market and social policies  

 Other Economic policies  

 Globalization 

 Regional security 

 Eastern Europe 

 Mediterranean 

 USA 

 Asia 

The output of this step was a qualitative analysis and an update of the previous report 

and its scenarios through the themes and variables.  

Step 2 – Check and incorporate events 

The second step involved extensive brainstorming and the search for significant events 

which have shaped the world and the EU since the year 2000. These events have been 

incorporated into the updated scenarios while checking for consistency. Below are given 

some examples of the events that were included (for further detail see Vasta and 

Rosenbaum (2014)): 

 Economic crisis – Unemployment, recession 

 Terrorist Attack 9/11 – Insecurity, war on terror 

 EU integration crisis – Cataluña, U.K. 

 Fukushima nuclear disaster – Negative view on nuclear 

 Arab spring – Insecurity on EU’s doorsteps 

 Social stress – Old Europe and pensions, inequality, legitimization 

The output of this step was a summary of 5 updated scenarios with these new events 

incorporated. 

Step 3 – Check for path dependence through signposts 

The third step consisted in checking each of the five initial scenarios for main positive 

and negative signposts. Signposts are actual events which are (in-) consistent with a 

specific scenario (or at least not very plausible in that context). Signposts therefore help 

us understand where current developments are taking the EU in the space of scenarios. 

Many positive signposts indicate that events are shaping history closer to one scenario 

than another. For example, in the scenario “Fortress Europe”, which is characterized by 

trouble around the EU’s border, events such as the Arab uprising, the Syria crisis and 

increasing terrorisms are positive signposts. The output of this step was a list of sign-

posts per scenario and a selection of 3 scenarios to develop further. These scenarios 

were selected as being the most diverse from each other in order to explore different 

futures. 
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Step 4 – Check possible impacts on environmental policies 

During this step the aim was to investigate in particular how developments within each 

scenario could impact environmental policies and instruments. Thus each scenario was 

checked for its main direct and indirect impacts which may either facilitate or complicate 

the adoption of environmental policies. This became the lens used to further analyse the 

new updated scenarios. 

Step 5 – Finalize the new updated scenarios and rename them  

During the last step, three out of the original five scenarios were then chosen, updated, 

finalized and renamed. This selection was done on the basis of positive signposts, by 

looking at the inherent difference between all five, the impacts on environmental policies 

and the usefulness for building sustainability scenarios.  

After going through these five steps, our results were presented and discussed at a 

workshop to which representatives of policy DGs and academics from various disciplines, 

including one of the co-authors of the 1999 study, had been invited. 

3.4 Short description of the three selected scenarios 

This section will briefly present each of the three scenarios (see Table 1). This will be 

done through a short summary of each of the 5 themes discussed above, namely 

 Institutions and governance,  

 Social cohesion,  

 Economic adaptability,  

 Integration and  

 External environment. 

3.4.1 The Rebound 

This scenario is characterized by a European continent that went through major changes 

in the years following the “Great Recession decade” of 2008-2017. It is a European Un-

ion that managed to come out of a “make it or break it” headlock stronger and more uni-

fied than before. Reforms were able to legitimize the EU’s position and improve condi-

tions in many areas of citizens’ lives. 

Institutions and governance 

Taking advantage of improvements in the world economy, the European Union embarked 

on far reaching and ambitious reforms. These ambitions were driven by the reshaping of 

the public sector at EU, regional and national level. The institutions opened themselves 

up to social debate in order to let citizens voice their concerns and outline their ideas 

about the future of Europe during an interactive process which saw the institutions main-

ly as facilitators interacting at eye level with citizens. In the end, this proved to be a 

popular and effective move as Europeans embraced the initiative with great interest and 

passion. As a result, institutions also took on board citizens’ concerns much more thor-

oughly when planning reforms and this helped to legitimize these reforms and facilitated 

their implementation. At the same time a common European mentality evolved through 
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EU wide social and political debates, supported by an increasing number of trans-

European media, and culminating in the adoption of a European Constitution in 2019. 

Social cohesion 

The years during the economic crisis saw major disputes between on the one hand, citi-

zens who demanded “more Europe” in order to share the burden of rebuilding the Euro-

pean Union’s economies and create better and more inclusive EU policy instruments, and 

citizens with populist ideals and claims who wanted the collapse of the system and a re-

turn to the traditional nation state. Ultimately, however, more and more people believed 

in a “more Europe” approach. With time, and thanks to the successful economic revival 

engineered by Commission, Council and European Parliament, tensions dissipated slowly 

and the focus of citizens and policy makers turned towards reforms and social sustaina-

bility. 

Economic adaptability  

During the last 40 years the Union and its member states concentrated their efforts on 

reforming the economic system, in particular addressing and cutting unemployment. En-

suring social security while, at the same time, increasing the flexibility of the workforce 

were the main goals during this time. Making progress drained a lot of time and re-

sources as this involved seeking a fair and well-balanced representation of all stakehold-

ers, their concerns and interests. Initially, Europe went through a period of great suffer-

ing, but eventually the crisis was overcome and a sense of stability was achieved 

through deeper economic and political integration. At the same time, advanced technol-

ogies opened up new economic opportunities and helped increasing efficiency, thereby 

laying the groundwork for an environmentally sound and sustainable Europe. 

Integration  

Supported by the favourable economic climate and the benevolent social involvement, 

EU integration made a bold step forward finally finding broad common ground and em-

barking on an ambitious and far-reaching harmonisation of economic, social and envi-

ronmental policies: Fiscal policies including taxes and excise duties were harmonized and 

became the basis of a Fiscal Union and a European Treasury. Regional cohesion policies 

brought about major improvements in Europe’s less privileged regions and cities. Further 

integration of the schooling systems, taxation and job market regulation allowed the rise 

of a new generation of truly “Europeans”, where nationalities coexist together with an 

overarching European identity.  
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Themes 

Scenarios 
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governance 
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National interests 
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Table 1: Summary of Scenarios 
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Geopolitical environment 

The successful enlargement of the EU encompassing most of continental Europe includ-

ing Turkey, and the conclusion of an association agreement with Russia, legitimized Eu-

rope’s place on the international scene and helped achieving stability in the region. 

Through its facilitator role it successfully helped the new EU-Member States to integrate 

and stabilize their political and economic systems. The EU became a positive model for 

social and environmental values and was championing its ideals of sustainability and so-

cial dialogue worldwide. International cooperation on combating crime, managing illegal 

immigration and environmental protection just to name a few, started to show tangible 

results. With the EU neighbours to the south and to the east large-scale investments in 

energy and transport infrastructures in conjunction with a common energy policy se-

cured energy supplies, fostered the development of alternative sources and thus helped 

to maintain peace in the region. 

Implications for the Model Simulations: 

The above scenario can provide the background for a modelling exercise where Europe is 

driven by technological innovation and efficiency improvements and thus continues to 

grow without extensively compromising the environment. Moreover, it is a Europe with 

concerted environmental policies and standards that allows exploring a more “positive” 

outlook on achieving ambitious environmental standards towards sustainability. To some 

degree, this also has a positive spill over effect on the international scene, leading to 

positive competition instead of a race to the bottom. So, all in all, the framework condi-

tions for rather ambitious environmental policies seem rather benevolent. 

3.4.2 Agitated Normality 

This scenario is characterized by a Europe that suffered profoundly during the economic 

crisis which ultimately led to social revolt and a period of paralysis until the reforms of 

2025. These reforms were able to restore calm by focusing on social issues and public 

debates. Reforms were approved and implemented, although slowly, which led to a new 

Europe centred on social needs, social equity and a more responsible economy. 

Institutions and governance 

Scepticism about the EU and its existence had already been on the rise for some time. 

Dysfunctional institutions had been blamed for the financial and social crises that 

brought about the revolts of 2017. But institutions were also blamed for corruption, 

mismanagement of resources, their mishandling of the crisis and for focusing only on 

austerity instead of defending social security across Europe. This left most of European 

citizens struggling through the crisis and brought many to their knees, socially and eco-

nomically. Without a credible and appealing perspective and with continuous political 

scandals, Europeans took to the streets to take matters in their own hands. In the af-

termath of the revolt, a European Forum took place to try and stabilize the situation, 

which ultimately forged a consensus by all parts of society about the weaknesses of the 

old system. The pressure for change and radical reforms, although slow, created a new 

Europe, centred on social needs, social equity and endowed with a more responsible 

economy. 
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Social cohesion 

Since the beginning of the crisis in 2008, Europeans had serious arguments about the 

future of the European Union and what it should stand for. Most blamed the EU for the 

mismanagement of the crisis and nationalist supporters disagreed strongly with pro-

Europeans on the further course of action. Although EU supporters maintained a narrow 

majority, nationalist sentiments slowed down the development of a common European 

identity and left scars in peoples’ pasts. What did manage to improve cohesion among 

European countries was the generally agreed need for citizens to play a central role in 

the new society whatever the role of Europe might be. This vision developed through col-

lective actions towards socio-ecological issues and a general rejection of consumerist 

ideals. In the end, the reforms achieved their main purpose, namely to improve the so-

cial situation of many people. Europeans might have been financially less well off than 

they were at the beginning of the millennium, but Europe achieved virtually full employ-

ment by vastly expanding new types of jobs beyond the models that had dominated in-

dustrialised societies for decades. This new social model started to attract the attention 

of citizens elsewhere, which were enticed by the quality of life it offered and by the crea-

tivity and innovativeness it allowed people to develop. 

Economic adaptability  

The crisis that had brought Europeans to their knees and prompted them to demand 

change left the economic system deeply wounded. Since the onset of reforms, Europe 

experienced an unprecedented contraction of its industrial base and especially its pollut-

ing industries. Greener technologies helped the industries that decided to stay in Europe 

as high taxes on pollution, energy and environmental damage were introduced, as well 

as taxes on financial transfers. Being a showcase of innovation and creativity, the service 

sector was the major engine for economic recovery, together with environmental protec-

tion and tourism. All in all, a new economy aligned on social needs was developed, 

where quality of life and collective goods outweighed the loss of economic growth and 

where social and geographical inequalities ceased to increase. 

Geopolitical environment 

Europe was so focused on internal issues that it neglected its foreign policy. The en-

largement process took very long due to the stringent social and environmental require-

ments. Although most Eastern European Countries joined the EU at some point, some 

countries adopted a wait and see attitude and a few even withdrew their candidacy. 

Their public opinions had become increasingly out-of-tune with the green and red radi-

calism of the European project. Trading partners worldwide had no choice but to adapt to 

the increase in product standards demanded by European consumers. By some, these 

rigorous standards were seen as protectionism and as unwillingness to forge compromis-

es with the rest of the world. At the same time, the Neighbourhood Policy established in 

the 2000’s never really picked up, and the EU’s lack of strategy towards neighbouring 

regions, beyond restrictive immigration policies, was met with increasing resentment 

from neighbours.  

Integration 

In general, the prospects for further European integration were looking somewhat shaky 

although, perhaps paradoxically, the Heads of State and Government were almost all on 
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the same ideological wavelength. In fact, the Member States looked more to the short 

term, and their desire to produce rapid results sometimes led them to hijack the Europe-

an agenda. Still, on average, the European institutions were functioning properly. De-

spite the unrest (and Spain’s exit from the Eurozone following the crashing victory of the 

"Podemos" party in the extraordinary elections 2017), Europe managed to keep the sin-

gle currency afloat during the crises. Of course, the Fora were a kind of anathema to the 

technocratic management of Eurozone, but the idea of a social project for Europe ulti-

mately won the hearts and minds of people. The picture would not be complete without a 

mention of the extraordinary progress made in the field of co-operation in judicial, police 

and customs affairs, in response to growing public demand for security. Europol worked 

well and won its spurs cracking two European organised crime networks, one with close 

ties to certain governments. Illegal immigration was more or less under control, too, at 

the cost of a massive reinforcement of customs and police controls that were hard to 

reconcile with the humanist and tolerant image that Europe liked to project to the rest of 

the world.  

Implications for the Model run: 

Such a scenario can provide the background for a modelling exercise where the social 

dimension is at the core. Green protectionism and taxes on pollution can foster the de-

velopment of greener technologies, but it may also prompt the relocation of polluting in-

dustries abroad. At the same time, slow economic growth itself may lead to a decrease 

in emissions due to the decrease in production. Moreover, even though Europe might be 

undertaking encouraging policies for the environment at home, the lack of foreign sup-

port/co-operation may still undermine efforts towards sustainable development at a 

global scale. 

3.4.3 Fortress Europe 

This scenario is characterized by a negative turn of events with respect to social, eco-

nomic and environmental developments. Deeply focused on solving the internal econom-

ic and integration crisis, the EU lost interest in, and awareness of, what has been unfold-

ing in its backyard. The escalation of tensions and conflicts took Europe by surprise and 

forced it to intervene militarily on various occasions. Unfortunately the concomitant feel-

ing of insecurity, together with extensive terrorism and immigration, hampered any type 

of reforms or co-operation within the EU, other than that for security reasons. 

Institutions and governance 

In this scenario EU institutions have not been able to undertake the wide-scale economic 

and social reforms needed for modernising Europe’s economic and institutional set-up. 

Political instability and on-going conflicts in neighbouring countries were initially over-

looked by the EU as it focused on tackling the economic crisis and domestic political 

scandals. During the 2020s’ protests, conflicts around EU’s borders and terrorist attacks 

within pressured the EU to step up its security co-ordination to the extent of building a 

European Army. This came at the expense of economic and social reforms. France, Ger-

many and the UK dominate the foreign policy agenda, while the rest struggled with do-

mestic routines. Compliance with EU policies was severely lacking in most Member 

States as national interests had taken over and there was no determination to enforce 

EU law regulations and directives. 
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Social cohesion 

Since the economic crisis of 2008 Europeans were dazed by feelings of uncertainty and 

concerns about in their economic and personal safety. Through the 2020s these feelings 

escalated to severe social panic and insecurity sparking populism and extreme racism. 

Tight immigration policies, intolerance towards foreigners and fear of the future turned 

Europeans from supporters of social and human rights to close minded paranoids living 

within high walls. Europeans had the impression of living in a heaven of fragile peace 

and were willing to shut their eyes to infringements of certain fundamental rights and 

freedoms to preserve it. Inequality was increasing and there was a general lack of sup-

port for comprehensive reforms. 

Economic adaptability  

Economic stagnation, continuous conflicts and a focus on security issues led to a de-

crease in social welfare and high unemployment. The traditional weaknesses of the Eu-

ropean economy persisted, namely high and often badly designed taxes on income and 

consumption (European harmonisation in this field had been postponed indefinitely) and 

too much emphasis on traditional industries. High-tech industries, such as information 

technology and microelectronics, and green technologies were not being developed and 

it took years before any products with civilian applications emerged from the recent mili-

tary research programme in those areas. Lastly, economic and social apathy and political 

rigidity sustained regional inequalities. It looked as if major parts of the continent were 

doomed to falling behind relentlessly.  

Geopolitical environment 

Enlargement stalled and enthusiasm for Greater Europe waned as countries to the East 

started to be seen as trouble makers which needed to be kept on the other side of the 

wall. But the rest of the world could hardly be called a peaceful haven either. There was 

a feeling of alienation within the US as it is mainly focused on the American continent, 

restoring order in the more unstable countries of its backyard. A deteriorating environ-

ment, scarcity of natural resources and ethnic conflicts were common reasons for clashes 

around Europe’s borders. Russia and most African countries were living in chaos as most 

were ruled, either directly or indirectly, by organized crime. Immigrants kept banging on 

the walls of Fortress Europe, envisioning a better life once inside. Such an instable ex-

ternal environment, together with Europe’s internal troubles, led some to predict the de-

cline of the Old Continent, which they thought would fall behind other major regional 

powers. But Europe’s position relative to the United States, China, Japan or any other 

country, was not the main issue in any serious analysis of global trends. It is the entire 

international political system that was slipping back into a configuration more appropri-

ate to the nineteenth century — at a time when the main challenges were global ones. 

Integration 

After initial experiments towards further economic integration during the early 2010s, 

Europe took the opposite road. Fragmentation became the key feeling around Europe. 

Protests and claims for independence gained momentum and political mistrust within 

Member States became prominent. National interests took over most of the EU policies 

and non-compliance with EU standards became the rule rather than an exception. The 

main motive for the EU to stay together was to take advantage of a united military force 
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to protect itself against threats from neighbours and to implement concerted security 

policies at its borders.  

Implication for the Model run: 

This scenario is the least rosy of the three. It describes a European Union where citizens 

were squeezed hard both socially and economically for the sake of security and safety. 

Polluting industries dominated production and green technologies were seen as expen-

sive and superfluous. Due to the economic stagnation there was a decrease in produc-

tion and consumption within Europe, but this did not suffice to curb the emissions of pol-

luting industries and to compensate for the lack of compliance with EU policies. Imported 

resources from unstable countries were showing strongly fluctuating prices, and this 

could turn either into tapping unsustainable local alternatives, or on the other hand, to 

seek for more efficient ways of using the resource.  

4. From scenarios to simulations 

4.1  Selecting a model for the simulations 

In 2012, the Directorate Joint Research Centre of the European Commission published a 

call for tender for an environmental-economic simulation model which is able to analyse 

the interrelationships and linkages between economic activity, the use of resources in-

cluding raw materials and energy, and the effects of both on the environment depending 

on a set of policies, either currently in place or conceptualized. 

Key selection criteria were that (1) the model should allow the analysis of already legis-

lated or agree-upon policies that address environmental and sustainability issues with a 

view to assess the effectiveness of these policies to achieve sustainability as defined by a 

suitable set of indicators and thresholds and that (2), in the context of a backcasting ex-

ercise, the model should be able to help identifying the policy options or strategies which 

are necessary in order to achieve sustainability as defined by the aforementioned set of 

indicators and thresholds.  

In addition, the model should, to the extent possible, not be based on difficult to justify 

or empirically questionable assumptions such as perfect competition or foresight, ho-

mogenous actors, full rationality or full information which are common to other model-

ling approaches such as Dynamic Stochastic General Equilibrium (DSGE) Models. At the 

same time, a baseline scenario should be implemented in the model which is constructed 

assuming that recent exogenous trends prevail and that European Union environmental 

policies will be implemented as legislated. 

Last but not least, the model should cover at least all Member States of the European 

Union as of 30.06.2013 and model outputs should also differentiate between EU Member 

States. Where meaningful, model outputs should differentiate between sectors at NACE 2 

digit level or at a similar level of disaggregation. Following this call, the E3ME model 

from Cambridge Econometrics was chosen. A brief description of the model can be found 

in the subsequent section; a comprehensive description of the model can be found in 

Annex II: The Macroeconomic Model in Detail.  
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4.2 The Macroeconomic-Environment Model in a Nutshell 

E3ME is a computer-based econometric simulation model of the world’s economic and 

energy systems and the environment. It was originally developed through the European 

Commission’s research framework programmes and has been further adapted to the 

needs of scenario building at the request of JRC. The econometric and empirical ground-

ing of the model makes it well-suited to represent performance in the short to medium 

terms, as well as providing long-term assessment up until 2050.  

The version of E3ME available in IES’s sustainability assessment unit covers:  

 Europe at Member State level (incl. Croatia)  

 three other EU candidate countries, Norway and Switzerland  

 11 other major economies explicitly  

 the rest of the world grouped into political regions  

In addition, the model captures 69 sectors of which 38 comprise services. 

Being based on three distinct modules for the economy, the energy system and envi-

ronmental emissions, the model can calculate quantitative scenarios for a rich set of in-

dicators and variables. To do so, the modeller can vary a wide range of policy variables 

such as taxes or government expenditures in conjunction with assumptions regarding 

e.g. energy prices or variations of population trends from Eurostat projections.  

Economic variables and indicators include 

 output (constant and current price bases) 

 GVA at market prices and factor cost 

 investment and R&D spending 

 government final consumption (by category) 

 exports and imports 

 employment 

 labour costs  

 an estimate of (real) income distribution (expenditure based Gini-coefficient) etc. 

Many of these variables are available at sectoral level. 

The model can therefore provide inputs to all partial models, e.g. for land use or an even 

more detailed modelling of the energy sector, which require long-term economic data at 

country and sectoral level. 

In its energy modelling, E3ME can be described as top-down with a bottom-up submodel 

of the electricity supply sector. More specifically, the energy module in E3ME is con-

structed, estimated and solved for each energy user, each energy carrier (currently 12) 

and each region while the power sector in E3ME is represented using a framework for 

the dynamic selection and diffusion of innovations which contains a decision-making core 

for investors wanting to build new electrical capacity, facing several options. 

The emissions module then calculates air pollution generated from end-use of different 

fuels and from primary use of fuels in the energy industries themselves, particularly 

electricity generation. Current emissions include: 

 carbon dioxide 
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 sulphur dioxide 

 nitrogen oxides 

 carbon monoxide 

 methane 

 larger particulates. 

In addition the E3ME models material consumption for each region of the model. At pre-

sent the following material types are modelled: 

 food and feed 

 forestry 

 construction minerals 

 industrial minerals 

 ferrous ores 

 non-ferrous ores. 

A particular feature of the model version available in IES is the ability to specify targets 

for say, the use of raw materials and then determine the tax rates that would be re-

quired to reach this objective (backcasting). This makes it possible to determine policy 

measures endogenously given predefined policy objectives. 

The baseline scenario of E3ME is based on the PRIMES 2013 Reference Scenario and in-

corporates policies and measures adopted in the Member States by April 2012 and poli-

cies, measures and legislative provisions (including on binding targets) adopted by or 

agreed in the first half of 2012 at EU level in such a way that there is almost no uncer-

tainty with regard to their adoption. More information about the PRIMES 2013 Reference 

Scenario can be found in Ethniko Metsovio, et al. (2014). 

4.3 Translating assumptions into quantitative inputs 

This section takes a closer look at the key assumptions of the macro-energy-

environment model that we have used for fleshing out the broad political scenarios of the 

previous chapter. We will look in particular at energy prices, raw materials prices, food 

prices and population trends. In each case, we will briefly outline the assumptions in the 

macro model and then contrast these with scenarios which have been developed in more 

specialised scenario studies in the literature.  

It should be emphasised right from the start that the purpose of this exercise is not to 

single out better (or worse) assumptions – these hardly exist in the context of scenario 

building – but to identify a plausible range of possibilities which can be studied further, 

for instance in the context of sensitivity analysis. Our more immediate concern, however, 

is to examine the consistency of these assumptions with respect to the political scenarios 

and other assumptions. That is, given the features of each of the three political scenari-

os, which assumptions are more likely to be associated with each of these scenarios and 

to what extent are different assumptions compatible with each other? 

To give an example: while broad worldwide population trends can be regarded as given 

assuming the absence of global natural disasters or wars (many people that will be alive 

in 2050 are already born) in conjunction with relatively stable trends for birth and mor-

tality rates, developments in Europe’s immediate neighbourhood such as those assumed 

in “Fortress Europe” may have a major impact on the number of immigrants and refu-

gees that come to Europe thereby reversing some of the idiosyncratic trends in Member 
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States. For instance, demographic trends in Germany would have been different over the 

last couple of years if not decades were it not for the net immigration taking place at the 

same time (Schimany 2007). Thus the shrinking of the population caused by the too low 

birth rate was compensated by the surplus of immigrants over emigrants. 

Moreover, while it surely takes some time for changes in birth and mortality rates to play 

out their effects in full, long-term scenarios of the kind developed here should allow for 

at least some variability in population assumptions considering that (as preliminary in-

vestigations with the macro-environment-model have demonstrated) even moderate 

changes in population trends may have significant effects on the results of the model. 

Thus it cannot be taken for granted that it doesn’t matter whether or not projected de-

mographic pathways are the only show in town as it were. 

The following sections explain the choices that were made when translating the assump-

tions from the scenarios into quantitative inputs for the simulations. They are compiled 

in Table 6 and Table 7. 

4.4 Prices 

4.4.1 Prices for fossil fuels (oil, gas and coal) 

The E3ME model assumes that oil prices increase on average by 3.5% p.a. between 

2015 and 2020 whereas thereafter price increases are first somewhat smaller and then 

somewhat bigger. On the whole this implies that oil prices are projected to have more 

than tripled by 2050. For gas and coal the picture is similar, even though the overall in-

crease is somewhat smaller. 

A synopsis of different studies on energy prices can be found in Table 2. The eight stud-

ies we reviewed basically agreed that energy prices are likely to increase further but dis-

agreed somewhat on the degree to which this would be the case. Even more disagree-

ment could be observed with respect to actual physical scarcity which some studies iden-

tified as an issue while others did not. The same is true for political risks and the de-

pendence on specific sources and substances. With respect to the latter, some studies 

even projected a reduction as a consequence of the increasing importance of shale gas 

which would not only lead to a further diversification of sources of supply for some coun-

tries but would also contribute to attenuating the likely increase in oil prices. For the 

time being at least, shale gas is unlikely to play a large role outside the US. 

Going more in detail, the studies we reviewed were rather cautious when putting con-

crete numbers on projected energy prices. Thus the Shell study (Shell International BV 

2011) makes only qualitative statements on energy prices, predominantly oil. Basically 

the same holds for the study by the World Energy Council (Statham 2007) although the 

study seems to suggest that coal prices might be less likely to increase given the abun-

dant and easily accessible deposits of coal (which is in line with the assumptions of the 

E3ME- model).  

Much more explicit projections are contained in the Annual Energy Outlook published by 

the US Energy Information Administration (Department of Energy 2011, 2014). Accord-

ingly, oil prices (for Brent) are projected to increase between 2012 and 2040, by a factor 

of almost 2 (1.83) in the high price case and to decrease by a factor of 0.67 in the low 

price scenario. These values compare to an increase by a factor of 2.68 in the E3ME-

model. For coal and gas, US EIA projects price increases for the case of high oil prices by 
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a factor of 1.54 and 3.03, respectively, and for the case of low oil prices 1.42 and 2.70, 

respectively. In the E3M3-model, it is assumed that coal prices increase by a factor of 

2.31 between 2012 and 2040 whereas gas prices are projected to increase by a factor of 

2.36. Thus the assumptions of the macro model for coal and gas are broadly in line with 

US EIA projections whereas those for oil prices are clearly at the higher end of the spec-

trum. Finally, the International Energy Agency projects an oil price of $ 128/barrel in 

2035 (2012 dollars per unit) which is half way between the high and the low oil prices 

scenarios of US EIA and thus much lower that the assumptions in the E3ME-model. 

There are thus reasons to suggest that the assumption of the macro model can be con-

sidered to be at the upper end of what are commonly accepted scenarios for oil prices, in 

particular if it also factored in that the deployment of renewables exerts downward pres-

sure on prices. This implies that the further analysis of our model-based scenarios can-

not be confined to the prices assumed in the model but must consider the possibility of 

significantly lower oil prices as well in order to capture interesting realities. The price 

ranges that we have used in the model simulations are given in Table 6. 
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Subject Dimensions Available studies Key trends Com-

ments/Conclusions 
Energy  Price level and vola-

tility 

 Physical scarcity 

 Political risks 

 Dependence on spe-

cific sources and 

substances 
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 Rising prices 

 Increasing role of un-

conventional supplies 

  Shell Energy Scenar-

ios to 2050 (Shell 

International 

Petroleum 2008) 

+ o o o  2 different scenarios 

 Signals & Signposts 

- Shell Energy Sce-

narios to 2050 (Shell 

International BV 

2011) 

+ o o o  2 different scenarios 

 Deciding the Future: 

Energy Policy Sce-

narios to 2050 

(World Energy Coun-

cil) (Statham 2007) 

+ o o o  4 different scenarios 

 Focus on government 

engagement and inter-

national integration and 

cooperation 

 Annual Energy Out-

look with Projections 

to 2040 (U.S. Ener-

gy Information Ad-

ministration) 

(Department of 

Energy 2011, 2014) 

+ + o -  Reference case plus high 

and low oil price cases 

 Shale gas is assumed to 

play an important role 

 World Energy Out-

look (IEA) 

(International Ener-

gy Agency 2011) 

++ + o -  3 different scenarios 
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Subject Dimensions Available studies Key trends Com-

ments/Conclusions 
 Resource Revolu-

tion: Meeting the 

world’s energy, ma-

terials, food and wa-

ter needs (McKinsey) 

(Dobbs, et al. 2011) 

++ o + +  Baseline + 3 scenarios 

 Energy content of water 

is increasing 

 Resource scarcity in 

the 21st century: 

conflict or coopera-

tion? (The Hague 

Center for Strategic 

Studies) (Qasem 

2010) 

+ o o -  

 Global Trends 2025 

– A Transformed 

World (NIC) 

(National 

Intelligence Council 

2008) 

+ + ++ o  Food and water also are 

intertwined with climate 

change, energy, and 

demography. 

 In the energy sector, it 

takes an average of 25 

years for a new produc-

tion technology to be-

come widely adopted. 

 

Average score (applying equal weights) 
+ o o o  

Table 2: Scenario studies on energy prices 
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4.4.2 Raw materials prices 

The E3ME model assumes that prices for raw materials (which include construction ma-

terials, industrial materials, ferrous metals and non-ferrous metals) increase on average 

by less than 1% p.a. between 2015 and 2050. On the whole this implies that raw mate-

rials prices are projected to have increased by less than 1/3 by 2050. Thus the projected 

price increases are much smaller than those for fossil energy carriers discussed above. 

A synopsis of different studies on raw materials prices can be found in Table 3. The three 

studies we reviewed basically agreed that raw materials prices are likely to increase but 

appeared to disagree somewhat on the extent to which this is due to physical scarcity or 

political risks. In particular one study also emphasised the possibility of cumulative ef-

fects of higher exploration and energy costs (Dobbs, et al. 2011, Kooroshy, et al. 2009). 

In fact, the aforementioned study points out that raw materials prices are highly corre-

lated with energy prices (in particular crude oil) suggesting that both prices are likely to 

move together, in particular if lower grade ores or difficult to access deposits necessitate 

higher energy inputs. Hence, it may not be justified to assume strongly diverging trends 

for both categories of prices. 

Going more in detail, the studies we reviewed did not put any concrete numbers on pro-

jected raw materials prices beyond a general upwards trend but emphasised instead the 

considerable degree of uncertainty that any projection is likely to face both from the de-

mand and the supply side. It is noteworthy in this context that over the last century, raw 

materials prices have declined considerably in real terms despite higher demand – a 

trend which has only changed a decade ago. Given the volatility of prices over the last 

century as a whole, the jury is still out on whether or not the last decade marks the 

transition towards a period of steadily increasing prices. However, if externalities were 

truly reflected in prices, in particular carbon emissions and water scarcity, then prices 

could be up to 20% higher. 

All in all, there are thus reasons to suggest that the assumption of the macro model can 

be considered to be at the lower end of what are currently plausible scenarios for raw 

materials prices. In particular if the nexus between energy prices and raw materials pric-

es turns out to be persistent, then increasing energy prices are likely to go hand in hand 

with higher raw materials prices (and vice versa). The range of the assumptions which 

we have used in the model simulations are given in Table 6. 
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Subject Dimensions Available studies Key trends Com-

ments/Conclusions 
Raw Materials 

 

 Price level and vola-
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 Physical scarcity 

 Political risks 

 Dependence on spe-

cific sources or sub-
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 Rising demand, in par-

ticular from China and 

India 

 Further supply increases 

difficult and costly 

 Political risks due to con-

centration of suppliers 

 Rising prices  

  Scarcity of Minerals 

– A strategic security 

issue (The Hague 

Center for Strategic 

Studies) (Kooroshy, 

et al. 2009) 

+ + o o  Higher exploration and 

energy costs exert cu-

mulative effect on pro-

duction costs. 

 Resource scarcity in 

the 21st century: 

conflict or coopera-

tion? (The Hague 

Center for Strategic 

Studies) (Qasem 

2010) 

+ + + +  The EU’s dependence on 

outside suppliers for 

high-tech metals will in-

crease, especially from 

sources that do not have 

market-based system or 

deemed politi-

cal/economically unsta-

ble. 

 Resource Revolu-

tion: Meeting the 

world’s energy, ma-

terials, food and wa-

ter needs (McKinsey) 

(Dobbs, et al. 2011) 

+ o + o  Baseline + 3 scenarios 

 The price and volatility 

of different resources 

have developed increas-

ingly tight links over the 

past ten years. Shortag-

es and price changes in 

one resource can rapidly 

impact other resources. 

 The mere expectation by 
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Subject Dimensions Available studies Key trends Com-

ments/Conclusions 
governments, compa-

nies, and consumers of a 

material risk that short-

ages might develop has 

been an effective cata-

lyst for innovation. 

Average score (applying equal weights) + + + o  

Table 3: Scenario studies on raw materials prices 



30 

 

4.4.3 Food 

The E3ME model assumes that food prices will decline on average by slightly less than 

0.5% p.a. between 2015 and 2050. On the whole this implies that food prices are pro-

jected to have decreased by approximately 12% by 2050. Food is thus the only com-

modity for which a price decline is assumed. A synopsis of different studies on food pric-

es can be found in Table 4Table 3. Interestingly these studies seem to suggest that pric-

es are more likely to increase than decrease over the coming decades and that they may 

show a considerable degree of volatility although the amount of the latter is uncertain.  

Going more in detail, the studies we reviewed did not put any concrete numbers on pro-

jected food prices beyond projecting a general upward trend but sought to identify fac-

tors on both the demand and the supply side which are likely to shape future price 

trends and the emergence of price peaks if any. For instance, energy prices are consid-

ered to be an important contributing factor in this context for they have been identified 

(together with an increase in demand due to population growth and changing eating 

habits) as one of the causes of the 2007/2008 spike in food prices due to the high ener-

gy intensity of fertilizer production (Government Office for Science 2011). In addition, 

water scarcity and increasing competition for arable land from other uses such as urban-

isation may also prevent supply from being expanded sufficiently in line with increasing 

demand. Note also that, if externalities truly reflected in prices, then prices could be-

tween 50 and 450 percent higher 

All in all, there are thus reasons to suggest that the assumption of the macro model can 

be considered to be at the lower end of what are currently plausible scenarios for food 

prices. In particular if the nexus between energy prices and food prices turns out to be 

significant and persistent, then increasing energy prices are likely to go hand in hand 

with higher food prices (and vice versa). The range of the assumptions which we have 

used in the model simulations are given in Table 6. 
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Subject Dimensions Available studies Key trends Com-

ments/Conclusions 
Food  Price level and vola-

tility 

 Physical scarcity 

 Political risks 

 Sustainability risks 
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 The Future of Food 

and Farming: Chal-

lenges and choices 

for global sustaina-

bility (The Govern-

ment Office for Sci-

ence) (Government 

Office for Science 

2011) 

+ + o ++  Hunger remains wide-

spread. 

 Many systems of food 

production are unsus-

tainable. 

 policy in other sectors 

outside the food system 

also needs to be devel-

oped in much closer con-

junction with that for 

food. 

 Resource Revolu-

tion: Meeting the 

world’s energy, ma-

terials, food and wa-

ter needs (McKinsey) 

(Dobbs, et al. 2011) 

 

+ o o o  Calorie intake and meat 

consumption are likely to 

increase considerably. 

 Resource scarcity in 

the 21st century: 

conflict or coopera-

tion? (The Hague 

Centre for Strategic 

Studies) (Qasem 

2010) 

+ + o o  
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Subject Dimensions Available studies Key trends Com-

ments/Conclusions 
 Global Trends 2025 

– A Transformed 

World (NIC) 

(National Intelli-

gence Council 2008) 

+ ++ + o  

Average score (applying equal weights) + + o o  

Table 4: Scenario studies on food prices 
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4.5 Population 

The E3ME model assumes that population and migration trends follow the projections 

which can be found in the 2012 Aging Report of the European Commission (European 

Commission 2012) which are in turn in line with comparable UN projections (United 

Nations 2013). Accordingly, while the EU population is expected to be only slightly larger 

in 2050 than today, the population will be significantly older reflecting both increasing 

life expectancy and fertility rates which, albeit somewhat higher than today, remain be-

low the reproduction rate of 2.1. In addition, net migration will also positively contribute 

to population growth, albeit to a lesser degree than today since net migration is ex-

pected to slow down after an initial increase. Moreover, migration is expected to vary 

considerable across Member States. Thus during the next 50 years, net immigration to 

Germany is projected to be about 5 million persons, while in other Member States (e.g. 

ES and IT), it is projected to be between two and three times higher (European 

Commission 2012). As a consequence, the UK is projected to become the most populous 

EU country followed by France and Germany, whereas today these three countries rank 

in reversed order with respect to population figures. 

It should be emphasised that these projections face a considerable degree of uncertain-

ty, which is not always fully acknowledged (Scherbov, et al. 2008). Although population 

trends tend to be much more stable in the short and medium run than economic varia-

bles as even significant changes to fertility rates for instance would take considerable 

time to fully play out their effects on the size and the age structure of the population, 

migration is a major source of uncertainty even in the shorter run. In fact, unlike fertility 

rates and life expectancy, migration may, due to unforeseen economic and political 

events, change much more rapidly and may therefore have more instantaneous effects 

on population size than other variables (Scherbov, et al. 2008, United Nations 2013). For 

instance, net emigration of Spain changed between 2009 and 2012 from being strongly 

negative to strongly positive as a consequence of the economic crisis and the concomi-

tant increase of unemployment. Another factor contributing to the development of mi-

gration is the political and economic environment in neighbouring regions of Europe, 

predominantly in Africa and the Near East. Since the outbreak of the civil war in Syria for 

instance, the number of refugees from the region ending up in Europe has increased 

tremendously and in all likelihood, many of them will not return to their home country, in 

particular if the conflict is protracted. 

All in all, there are thus reasons to suggest that significant deviations from the popula-

tion trends assumed in the E3ME model may occur which obviously are likely to have 

non-negligible effects on socio-economic developments in Europe. Since the most recent 

population projections for the EU do not include variants of the trend for different as-

sumptions as regards fertility rates, life expectancy and migration7, it is not possible to 

use these in the model. As an alternative, it is therefore suggested to apply the ranges 

identified for the previous population projections to the current exercise. Thus the devia-

tions between the baseline population projection and both a high and a low variant were 

taken from previous population projections (Lanzieri 2006) and then applied with some 

minor modifications to Eurostat’s current population projections. While this is obviously a 

second-best approach, after all, some of the assumption underlying previous variants 

may no longer hold, we considered it nevertheless to be preferable to making assump-

tions about variations ourselves, which inevitably would have been less sound given our 

                                           
7 For previous projections, such variants have been calculated. See Lanzieri (2006) for details. 
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lack of expertise in this area. The range of the assumptions which we have used in the 

model simulations are given in Table 6. 
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Subject Dimensions Available studies Key trends Com-

ments/Conclusions 
Population 

 

 Level and growth 
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 Ageing 

 Migration and urban-
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 World population to 

2300 (UN) (United 

Nations 2004) 

+

+ 

+ o o  

 Global Trends 2025 

– A Transformed 

World (NIC) 

(National Intelli-

gence Council 2008) 

+

+ 

+ + +

+ 

 Today, nearly 7 out of 

every 10 people in the 

developed world are in 

the traditional working 

years (ages 15 to 64). 

This number has never 

before been so high and 

in all likelihood will never 

be so high again. 

 Large and sustained in-

creases in the fertility 

rate, even if they began 

now, would not reverse 

the aging trend for dec-

ades in Europe and Ja-

pan. 

 The 2012 Ageing 

Report (European 

Commission 2012) 

+ +
+ 

- o  

Average score (applying equal weights) ++ + o +  

Table 5: Scenario studies on population trends 
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4.6 Policy alternatives 

In this section, we will describe the different policy measures which have been imple-

mented in the macroeconomic-environment model. In broad terms, four categories can 

be distinguished: energy policies, environmental taxes, fiscal policies and R&D policies. 

In each category, there is at least one policy instrument; in some categories, notably in 

energy policy, there are several instruments. 

4.6.1 Energy policy 

In the realm of energy policy, there are three instruments. The first instrument is emis-

sion trading as currently implemented in the European Union. The second instrument is a 

specific tax on CO2 emissions (carbon tax, in €/TC) which aims at reducing CO2 emis-

sions. The tax is assumed to be introduced in 2018 and increases to 160€/TC in 2022. 

The third instrument is a tax on energy use (in €/toe) more broadly which aims at induc-

ing a shift towards cleaner sources of energy. Hence biofuels and hydrogen are exempt 

from the tax. This tax is also assumed to be introduced in 2018 and increases to 

160€/toe in 2022. Since both taxes are implemented in absolute terms as €/toe and 

€/TC, respectively, the relative price increase depends on the pre-tax price level. The 

effects on relative prices are therefore attenuated for high price levels and more pro-

nounced for low price levels. 

4.6.2 Environmental taxes 

In our scenarios, we consider only one (additional) environmental tax, namely a tax on 

the consumption of materials. This tax is implemented in terms of a 7-8% increase of 

the base price starting in either 2016 or 2022 of all materials. This means that the im-

pact of the tax on relative prices remains unchanged for different price levels.  

4.6.3 Fiscal policies 

Fiscal policies are not the main focus of our scenarios. Nevertheless, policy measures 

such as taxes generate revenues for the government which have to be used in one way 

or another. Thus some assumptions to this effect have to be made no matter what. At a 

fundamental level, governments can chose between spending additional revenues or re-

ducing their budget deficit or creating a budget surplus which is used to repay the gov-

ernment debt if any. In line with the (vast) literature on the double dividend of green 

taxes, we assume that the revenues from environmental and energy taxes are used to 

lower social security contributions and income taxes with a view to lower labour costs 

and (thereby) boost employment (Glomm, et al. 2008). With respect to overall govern-

ment spending, we consider a slight increase in one of the scenarios and a reprioritisa-

tion of government expenditures in the remaining two scenarios. Thus there is assumed 

to be a shift from Health and Education to Defence a vice versa. 

4.6.4 R&D and infrastructure investment 

R&D expenditures and infrastructure investment will be considered together because 

they touch upon the same sector, namely electricity generation. As to R&D expenditures, 

it is assumed that these will be increased by 20% starting in 2019. As to investment, it 

is assumed that there is a 5% increase in investment starting in 2019.  
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Variable Assumptions of 

E3ME-Model 

Suggested Range for 

Scenarios 
Energy Prices +300% 0% ↔ +300% 

Raw Materials +30% +30% ↔ +150% 

Food -12% -12% ↔ +150% 

Population 2010 Projection 2030: -6% ↔ +8% 

2050: -18% ↔ +13% 

Table 6: Summary of assumptions 
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 Rebound Agitated Normality Fortress Europe 

ASSUMPTION file        

Commodity prices  

  Food  Food price stays relatively stable (0% in-
crease to 2050) 

Food price increases by 50% by 2050  Food price increases by 100% by 2050  

  Energy Energy price will stay stable (0% increase to 
2050) 

Energy price increases 100% by 2050 Energy price increases 250% by 2050 

  Materials Material price will increase 30% by 2050 Material price will increase 75% by 2050 Material price will increase 125% by 2050 

Government spending Slight increase in Government spending     

Share of Government spend-
ing 

Not changed - as baseline  Share of Government spending, from 2022, 
shift from Defence towards Health and Edu-
cation. Decrease in Defence and increase in 
the others 

Share of Government spending, from 
2024,shift from Health and Education to-
wards an increase in Defence 

SCENARIO file        

Taxes 

  Carbon tax euro/tc Starting from year 2018 tax will increase to 
be 160 Euro/TC in 2022 (Try to stimulate a 
shift towards clean production) 

Starting from 2022 enters a tax of 180 eu-
ro/TC 

No Tax 

  Energy Tax Starting from year 2018 tax will be 160 Eu-
ro/toe in 2022, Exemption for Hydrogen and 
Biofuels (Try to stimulate a shift towards 
clean energy) 

No energy tax No Tax 

  ETS ON, as baseline ON, as baseline No ETS 

  Revenue Recycling There is recycling towards BOTH lowering 
Direct Income Tax and lower Employer's so-
cial security contribution 

There is recycling towards BOTH lowering 
Direct Income Tax and lower Employer's so-
cial security contribution 

  

  Materials tax Starting from 2016, there is an increase in 
materials tax of 7% of cost annually, in order 
to try and boost material efficiency 

Starting from 2022, there is an increase in 
materials tax of 8% of cost annually, in order 
to try and boost material efficiency 

No Tax 

ENFORECAST file        

  Investment There is an increase of 5% in Investment in all 
regions starting from year 2019 until years 
2050 for the sector Electricity 

No extra boost to investment  No extra boost to investment  
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  R&D There is an increase of 20% in R&D in all re-
gions starting from year 2019 until years 
2050 for the sector Electricity 

No extra boost to R&D No extra boost to R&D 

  Population 2010 Baseline Population 2010 Low Population 2010 High Population 

Table 7: Assumptions and policies 
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5. Numerical Simulations 

5.1 Overview of scenario space 

In this section, we provide details on the simulations which we have undertaken with the 

macroeconomic-environment model for each of the above political scenarios and the as-

sociated policy measures and assumptions. More information about the specific (numeri-

cal) assumptions we have made can be found in Table 7. 

The E3ME model provides a host of data on a large number of variables. Thus in order 

not to overload the reader with information, we had to address two issues: which data to 

present and what format would be most useful for this purpose? 

In doing so, we considered several aspects. To begin with, we decided to present only 

the environmental and economic headline variables, i.e. those variables which figure 

prominently on the political agenda and thus draw a lot of attention from policy makers 

and the public at large. Another important aspect relates to the fact that for reasons of 

readability, time series for all 28 EU countries cannot be depicted in a single graph, even 

if data are transformed in such a way as to maximize the distance between time series. 

Finally, the assumptions we made applied – with the exception of population data – to all 

EU countries alike and the policies which were assumed to be implemented were also the 

same across countries. Hence the added value of looking at specific countries was 

deemed to be limited. 

For these reasons, we opted for the following solution. As a standard, we will present 

(weighted) EU-averages for each variable, each scenario and the baseline in normalised 

form, i.e. the 2012 value is set to 100 and taken as the basis for subsequent years for 

which then the percentagewise deviation is reported. In addition, we present the enve-

lope of the (normalised) country trajectories. That is, for each year the highest and low-

est country values have been identified and will also be presented. In doing so, we cap-

ture the variability of results for the data set as a whole without overloading the graphs 

(and the cognitive resources of our readers). Note that the envelope does not necessari-

ly consist of the same countries over the whole time span of the scenarios. Thus it can 

(and did in fact) happen that the envelope consists of the trajectories of different coun-

tries over time. 

In addition, we also present the simulation results for Turkey for each of the scenarios 

compared to the EU averages. 

5.2 Detailed results for the EU 

5.2.1 GDP 

Major findings: 

 Fortress Europe implies significantly lower GDP growth. 

 Agitated Normality and Rebound imply significantly higher GDP growth but do not 

differ much amongst themselves. 

 Fortress Europe implies stagnation for some countries while Agitated Normality 

and Rebound do not. 

 Interestingly, the upper bound of the Fortress Europe scenario surpasses initially 

that of the other two scenarios. Thus under this scenario, some countries grow in-
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itially faster than the fastest growing country under any of the other scenarios. 

This could be due to the entering into force of taxation schemes in the 2 other 

scenarios. 

 The results suggest that high materials and energy prices together with higher 

than expected population growth lead to a drag on growth despite the fact that 

under the Fortress Europe scenario, environmental policies are less ambitious. 
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Figure 4: Deviation of GDP from value in 2012 (base year) in EU28 for all three scenarios including upper and lower bounds 
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5.2.2 Unemployment 

Major findings: 

 Fortress Europe implies significantly lower GDP growth compared to the other two 

scenarios, leading to also significantly higher unemployment in this scenario. 

 Again Agitated Normality and Rebound are relatively close to each other, suggest-

ing that the differences with respect to underlying assumptions are less important 

than those between Agitated Normality/Rebound and Fortress Europe. 

 However, the difference between upper and lower bounds are now much bigger 

than in the case of GDP suggesting that the impact of assumptions on employ-

ment is bigger than the impact on GDP. 

 Lower bounds are now relatively close together, but this is of course at least par-

tially due to the fact that unemployment cannot do more than vanish altogether 

whereas an increase in unemployment can, depending on the starting point, 

amount to several hundred percentage points. 
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Figure 5: Deviation of unemployment from value in 2012 (base year) in EU28 for all three scenarios including upper and lower bounds 
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5.2.3 Gini Coefficient 

Major findings: 

 For the Gini-coefficient, differences between scenarios are relatively small, alt-

hough for the Fortress Europe scenario, inequality increases somewhat compared 

to the situation now whereas for Agitated Normality and Rebound, inequality de-

creases slightly. 

 Importantly, upper bounds tend to increase over time, so while on average distri-

bution does not change a lot; the picture is different if one looks at individual 

countries. 

 Note however that the model does not estimate a true Gini-coefficient but only an 

expenditure-based approximation thereof. Hence results have to be taken with a 

grain of salt. 
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Figure 6: Deviation of Gini-coefficient from value in 2012 (base year) in EU28 for all three scenarios including upper and lower bounds 
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5.2.4 CO2 Emissions 

Major findings: 

 Under all three scenarios, emissions decline only temporarily for the EU as a 

whole and increase again later. 

 Contrary to what one might expect to see, however, the least environmentally 

ambitious scenario, namely Fortress Europe, fares better than the two other sce-

narios. At the same time, the Rebound scenario shows initially the steepest de-

cline of emissions, thereby reflecting the more ambitious environmental policies 

which this scenario implies, but, due to higher growth, in the long run emissions 

increase again. The latter is arguably linked to the fact that despite the fact that 

the E3ME model encapsulates efficiency improvements and structural change to 

some extent (see Annex II: The Macroeconomic Model in Detail), there are limits 

in the longer run given the unpredictability of technological changes. 

 As before emission paths show a considerable degree of variability. While for 

some countries, emissions decrease by 60% up until 2050, for others further in-

creases of up to 70% are projected. 

 Together with the projections for GDP, the CO2 figures suggest that relative de-

coupling can be achieved while absolute decoupling may be feasible only for some 

countries whereas for the EU as a whole no clear-cut picture emerges given the 

extremely wide ranges between min and max values. 

 Note that population and growth (economic activity) are the main drivers of CO2 

in the scenarios. While Fortress Europe has lower growth, in theory leading to 

less emissions, its high population might make up the difference. 
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Figure 7: Deviation of CO2 emissions from value in 2012 (base year) in EU28 for all three scenarios including upper and lower bounds 



49 

 

5.2.5 GHG Emissions 

Major findings: 

 For GHG emissions as a whole, the picture is very similar to that for CO2 emis-

sions: Under all three scenarios, emissions decline only temporarily for the EU as 

a whole and increase again later. 

 Emission paths do not differ much between scenarios either, suggesting that 

more ambitious policies and less stringent assumptions about say, energy prices 

may cancel each other out. 

 In contrast to CO2 emissions, however, upper and lower emission paths differ 

slightly less: the highest increase compared to the starting point of the simula-

tions is now below 70% and the highest decrease is less than 50%. 
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Figure 8: Deviation of GHG emissions from value in 2012 (base year) in EU28 for all three scenarios including upper and lower bounds 
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5.2.6 SO2 Emissions 

Major findings: 

 In contrast to GHG emissions, projected trends for SO2 emissions are generally 

more positive no matter which scenario we are looking at. 

 For a few – smaller – countries, these general trends do not seem to hold, but 

such deviations should be taken with a grain of salt considering the limitations of 

any such modelling exercise. Moreover, it should always be kept in mind that the 

graphs depict relative changes and not absolute levels. Hence what seems to be a 

relatively big change in relative terms, may be rather small in absolute terms.  

 Also in contrast to GHG emissions, Rebound, the environmentally most ambitious 

scenario is now also the one which achieves the best results for most of the time. 
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Figure 9: Deviation of SO2 emissions from value in 2012 (base year) in EU28 for all three scenarios including upper and lower bounds 
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5.2.7 Emissions of VOCS 

Major findings: 

 Under all three scenarios, emissions of VOCS show a uniform upward trend. 

 The Fortress Europe scenario is the one for which such emissions – at least in the 

long run – increase at a slower pace but only after 2025 or so. 

 Rebound is characterised by the highest overall increase despite some initial im-

provement suggesting that more ambitious policies are not able to compensate 

for the combined (and interrelated) effects of lower energy prices and higher GDP 

growth. 
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Figure 10: Deviation of VOC emissions from value in 2012 (base year) in EU28 for all three scenarios including upper and lower bounds 
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5.2.8 Materials Consumption in Comparison 

In this subsection, we will have a closer look at various types of materials, namely con-

struction materials (Figure 11), feed (Figure 12), ferrous ores (Figure 13) and wood 

(Figure 14). We will look only at aggregates for each scenario and leave a detailed anal-

ysis of specific countries for later.8 

 

Figure 11: Construction Materials 

 

Figure 12: Feed 

                                           
8 Food has been left out because the model produced rather implausible results for some scenarios and later 
stages of the period of analysis. Industrial minerals and non-ferrous ores will not be looked at in more detail 
because their results do not differ qualitatively from those for construction materials. 
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Figure 13: Ferrous Ores 

 

Figure 14: Wood 

Major findings: 

 Materials consumption shows quite distinct patterns depending on both the mate-

rial and the scenario in question. 

 The two materials which differ most are construction materials and feed: while 

the consumption of construction materials increases constantly no matter which 

scenario one looks at, basically the opposite is the case for feed. Feed consump-

tion declines but the extent to which this is the case differs across scenarios. 

 Fortress Europe is the scenario which, in the longer run, shows the steepest de-

cline (or at least the lowest increase) for any of the above materials. 
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 By contrast, the Rebound scenario shows the steepest incline (or at least the low-

est decline) for any of the above materials. 

 In contrast to construction materials, consumption of ferrous ores shows more 

variation, although consumption also increases over time. While for Fortress Eu-

rope and Agitated Normality, consumption increases at a relatively low rate, the 

Rebound scenario shows a continuous and much stronger increase in consump-

tion. 

 The picture for wood is interesting insofar as all three scenarios show an initial in-

crease in wood consumption which is then followed by a more or less steep de-

cline. 

 Both the Rebound and the Agitated Normality scenario assume the introduction of 

a tax on materials starting in 2016 and 2022 respectively. Judging from the 

above results, it is difficult to determine whether such a tax had any effect on 

consumption trends. At least the visual inspection of the graphs does not reveal 

any such effect. 
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5.3  Scenarios in comparison across selected EU-Member States 

In this section, we will compare the results for each scenario and each of the variables 

previously discussed across a number of selected EU Member States. The purpose is to 

see more clearly the effects of different scenarios on a specific country compared to oth-

er countries. In doing so, we will also depict the model baseline so as to allow the reader 

to identify more easily what are the distinguishing features of each scenario as compared 

to the baseline, i.e. a scenario that in many respects implies a prolongation of the status 

quo. 

5.3.1 GDP 

For the Rebound scenario, several observations can be made: 

 Overall GDP growth differs markedly between Germany and Italy on the one hand 

and Ireland on the other. 

 For both Ireland and Italy, the difference between the baseline and the Rebound 

scenario is rather small suggesting that the more ambitious environmental poli-

cies which characterise the Rebound scenario do not exert a significant negative 

impact on GDP growth. 

 By contrast, baseline growth in Germany is substantially higher than growth in 

the Rebound scenario. Thus for Germany, which in the long run has the lowest 

growth of all three countries anyhow, Rebound implies a cumulated loss of growth 

of almost 10% over the whole span of the scenario. 

 

Figure 15: Deviation of GDP from value in 2012 (base year) in Italy, Germany and Ire-
land for the Rebound scenario and the model baselines 
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For the Fortress Europe scenario, the following observations can be made: 

 For all three countries, there is a significant negative difference between the 

baseline and the scenario. 

 In percentage terms, the difference is similar for Ireland and Germany and 

somewhat smaller for Italy. 

 While Ireland continues to grow strongly and Italy still grows moderately, Germa-

ny’s economy stagnates and even shrinks towards the middle of the time span of 

the scenario, probably due to the more significant impact of higher materials and 

energy prices on the German economy. 

 

Figure 16: Deviation of GDP from value in 2012 (base year) in Italy, Germany and Ire-
land for the Fortress Europe scenario and the model baselines 

For the Agitated Normality scenario, the following observations can be made: 

 In terms of the overall growth trends, this is a kind of middle of the road scenar-

io. Deviations from the baseline are more pronounced than in the Rebound sce-

nario but less significant than in the Fortress Europe scenario.  

 Moreover, for all three countries, these deviations are negative and imply for 

Germany occasionally even negative growth. 
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Figure 17: Deviation of GDP from value in 2012 (base year) in Italy, Germany and Ire-

land for the Agitated Normality scenario and the model baselines 

5.3.2 Unemployment 

For the Rebound scenario, several observations can be made: 

 For Italy and Ireland, unemployment is somewhat below the baseline whereas for 

Germany it is significantly above the baseline reflecting the much lower GDP 

growth in this country. 

 In all three countries, unemployment declines by between 40 and almost 60% 

until 2020-2025 and remains more or less stable thereafter. 

 However, for Germany the decline of unemployment continues after 2025, albeit 

at a much slower pace, whereas for Ireland and Italy, nor further (and perma-

nent) decline can be observed. 
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Figure 18: Deviation of unemployment from value in 2012 (base year) in Italy, Germany 
and Ireland for the Rebound scenario and the model baselines 

For the Fortress Europe scenario, several observations can be made: 

 After an initial decline, unemployment trends diverge substantially between all 

three countries. For Italy, there is a marked and continuous increase in employ-

ment whereas for Ireland, this increase is much less pronounced. 

 In Germany, finally, unemployment remains basically constant. 

 In comparison with the baseline, unemployment is higher for all countries but 

particularly so for Italy 
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Figure 19: Deviation of unemployment from value in 2012 (base year) in Italy, Germany 
and Ireland for the Fortress Europe scenario and the model baselines 

For the Agitated Normality scenario, the following observations can be made: 

 For Italy, the model behaves in rather strange ways, exhibiting strong fluctua-

tions between 2024 and 2030, which are difficult to explain, in particular since 

unemployment trends for the other two countries evolve rather smoothly. Closer 

inspection suggests in any case that the steep decline in unemployment which 

precedes these fluctuations has a destabilising effect on the labour market. 

 For Ireland, unemployment follows the baseline while for Germany it is generally 

above the baseline, even though there is a declining trend. 

 Since the Agitated Normality scenario assumes lower population growth, the sim-

ulations suggest that the impact of the population trends on unemployment is not 

straightforward. If anything, lower population growth went hand in hand with 

higher unemployment in both Germany and Italy. 
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Figure 20: Deviation of unemployment from value in 2012 (base year) in Italy, Germany 

and Ireland for the Agitated Normality scenario and the model baselines 

5.3.3 Gini Coefficient 

For the Rebound scenario, several observations can be made: 

 Overall the deviations from the baseline are relatively small for all three countries 

concerned. For Italy and Ireland, there is initially a slight increase in inequality 

compared to the baseline and then a decrease. For Germany, deviations from the 

baseline are even smaller and if anything inequality is slightly above the baseline 

values. 

 The three countries also mirror what can be observed for the EU as a whole: 

there are strongly diverging trends for inequality. 
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Figure 21: Deviation of Gini coefficient from value in 2012 (base year) in Italy, Germany 
and Ireland for the Rebound scenario and the model baselines 

For the Fortress Europe scenario, the following observations can be made: 

 For Ireland, distributional trends follow closely those of the baseline scenario. 

 For Germany and Italy by contrast, inequality increases compared to the base-

line. 

 For Italy, the simulation even suggests that the trend is reversed: while inequali-

ty decreases in the baseline scenario, it increases in the Fortress Europe scenario. 

Since the Gini coefficient is estimated using expenditures as a proxy, higher food 

and energy prices as assumed under this scenario may be mainly responsible. 
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Figure 22: Deviation of Gini coefficient from value in 2012 (base year) in Italy, Germany 
and Ireland for the Fortress Europe scenario and the model baselines 

For the Agitated Normality scenario, the following observations can be made: 

 As before, distributional trends in Ireland follow closely the baseline whereas for 

both Germany and Italy, inequality is higher than in the baseline scenario. 

 As before this may be due to somewhat higher energy, food and materials prices 

which affect Italy and Germany more than Ireland. 
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Figure 23: Deviation of Gini coefficient from value in 2012 (base year) in Italy, Germany 
and Ireland for the Agitated Normality scenario and the model baselines 

5.3.4 CO2 Emissions 

For the Rebound scenario, the following observations can be made: 

 Only Germany will achieve a substantial reduction of CO2 emissions. However, 

over the whole time span covered by these scenarios, annual emissions are only 

initially lower than in the baseline case, from the mid-2030s onwards, emissions 

surpass those of the baseline case again. 

 Qualitatively, the picture is similar for Ireland and Italy with the proviso that, for 

Ireland, annual emissions keep increasing while for Italy, annual emission fall 

somewhat below current levels before they increase again. 

 Even in the most favourable case, Germany, CO2 emissions fall by less than 50% 

compared to 2012. So the 80% target championed by politicians and scientists 

alike does not seem to be reachable.  
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Figure 24: Deviation of CO2 emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Rebound scenario and the model baselines 

For the Fortress Europe scenario, the following observations can be made: 

 For Ireland and Italy, emissions are now consistently below the baseline whereas 

for Germany, nothing much changes, indicating that one and the same set of pol-

icies may have different consequences depending on the underlying assumptions 

(which may also vary across countries). 

 For Italy, emissions now follow a downward path rather than remaining constant 

as under the baseline scenario. 

 For Ireland, by contrast, the initial upward trend is broken after ten years, fol-

lowed by a decline which last well into the 2040s when emissions start to increase 

again. 
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Figure 25: Deviation of CO2 emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Fortress Europe scenario and the model baselines 

For the Agitated Normality scenario, the following observations can be made: 

 For all three countries, although following quantitatively different emissions path-

ways, qualitatively, emissions do not deviate much from the baseline. 

 Whereas for Ireland, emissions remain mostly below the baseline, the picture is 

less clear for Italy and Germany: in Germany an initial relative decrease is fol-

lowed by a relative increase, in Italy, an initial relative increase is quickly reduced 

and re-emerges at a later point. 
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Figure 26: Deviation of CO2 emissions from value in 2012 (base year) in Italy, Germany 

and Ireland for the Agitated Normality scenario and the model baselines 

5.3.5 GHG Emissions 

For the Rebound scenario, the following observations can be made: 

 Only Germany will achieve a substantial reduction of GHG emissions. However, 

over the whole time span covered by these scenarios, annual emissions are only 

initially lower than in the baseline case, from the mid-2030s onwards, emissions 

surpass those of the baseline case again. 

 Qualitatively, the picture is similar for Ireland and Italy with the proviso that, for 

Ireland, annual emissions keep increasing while for Italy, annual emission fall 

somewhat below current levels before they increase again. 

 Even in the most favourable case, Germany, CO2 emissions fall by less than 50% 

compared to 2012. So the 80% target championed by politicians and scientists 

alike does not seem to be reachable.  
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Figure 27: Deviation of GHG emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Rebound scenario and the model baselines 

For the Fortress Europe scenario, the following observations can be made: 

 For Ireland and Italy, emissions are now consistently below the baseline whereas 

for Germany, nothing much changes, indicating that one and the same set of pol-

icies may have different consequences depending on the underlying assumptions 

(which may also vary across countries). 

 For Italy, emissions now follow a downward path rather than remaining constant 

as under the baseline scenario. 

 For Ireland, by contrast, the initial upward trend is broken after ten years, fol-

lowed by a decline which last well into the 2040s when emissions start to increase 

again. 
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Figure 28: Deviation of GHG emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Fortress Europe scenario and the model baselines 

For the Agitated Normality scenario, the following observations can be made: 

 For all three countries, although following quantitatively different emissions path-

ways, qualitatively, emissions do not deviate much from the baseline. 

 Whereas for Ireland, emissions remain mostly below the baseline, the picture is 

less clear for Italy and Germany: in Germany an initial relative decrease is fol-

lowed by a relative increase, in Italy, an initial relative increase is quickly reduced 

and re-emerges at a later point. 
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Figure 29: Deviation of GHG emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Agitated Normality scenario and the model baselines 

5.3.6 SO2 Emissions 

For the Rebound scenario, the following observations can be made: 

 For Ireland, emissions follow essentially the baseline scenario. 

 For Italy and Germany by contrast, emissions are substantially below the base-

line, even though, for Germany, they approach the baseline towards the end of 

the scenario period. Note that this is so for all three scenarios suggesting that 

even minor deviations from the baseline assumptions may occasionally have sub-

stantial effects. 
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Figure 30: Deviation of SO2 emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Rebound scenario and the model baselines 

For the Fortress Europe scenario, the following observations can be made: 

 For Ireland, emissions follow essentially the baseline scenario. 

 For Italy and Germany by contrast, emissions are substantially below the base-

line, even though, for Germany, they approach the baseline towards the middle of 

the scenario period. 
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Figure 31: Deviation of SO2 emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Fortress Europe scenario and the model baselines 

For the Agitated Normality scenario, the following observations can be made: 

 For Ireland, emissions follow essentially the baseline scenario. 

 For Italy and Germany by contrast, emissions are substantially below the base-

line, even though, for Germany, they approach the baseline towards the middle of 

the scenario period. 
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Figure 32: Deviation of SO2 emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Agitated Normality scenario and the model baselines 

5.3.7 Emissions of Black Smoke and volatile organic compounds 

For the Rebound scenario, the following observations can be made: 

 Emission trends for Black Smoke and VOCs differ significantly between all three 

countries but evolve more or less in line with the baseline trends. 

 While emissions trends for Germany are slightly but consistently below the base-

line, those for Ireland and Italy oscillate around the baseline, but appear to in-

crease relative to the baseline towards the end of the projection period. 

 For all three countries, there is sudden drop in emissions in around 2020 which is 

likely to be caused by the assumed introduction of a carbon tax. However, the in-

duced reduction of emissions does not last. 
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Figure 33: Deviation of VOC emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Rebound scenario and the model baselines 

For the Fortress Europe scenario, the following observations can be made: 

 Unlike in the previous case, emissions trends now follow a relatively uniform pat-

tern: while emissions are initially slightly above the baseline, this changes during 

the mid-2020s after which emissions are significantly below the baseline for all 

three countries. 

 In addition, both Italy and Germany now show a – more or less – declining trend 

in absolute terms. 

 For Italy, this occurs after an initial increase which lasts until the mid-2020s. 
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Figure 34: Deviation of VOC emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Fortress Europe scenario and the model baselines 

For the Agitated Normality scenario, the following observations can be made: 

 The relatively straightforward pattern that could be observed in the previous sce-

nario is no longer visible: for Ireland, emissions follow broadly the baseline, ini-

tially somewhat above and then markedly below the baseline. 

 For Germany, emissions first track the baseline closely and then jump to a level 

significantly below the baseline in around 2023. 

 For Italy, no such jump can be observed even though it is noteworthy that there 

is at least a small decline. 

 All in all, the observations suggest that the introduction of a carbon tax as of 

2022 has caused the sudden drop in emissions, although overall trends are not 

visibly affected.  
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Figure 35: Deviation of VOC emissions from value in 2012 (base year) in Italy, Germany 
and Ireland for the Agitated Normality scenario and the model baselines 

5.4 Looking beyond the EU: Turkey in focus 

In the previous sections, we have examined the simulation results for our three scenari-

os focussing on the EU28 as whole, and on three selected member states, namely Italy, 

Ireland and Germany. In this section, we will adopt a slightly different perspective by 

looking at Turkey in comparison with the EU28. This exercise is motivated by the fact 

that, notwithstanding the status of Turkey vis a vis the European Union (i.e. whether the 

current status is maintained, whether Turkey will at some point join the EU or whether 

another kind of arrangement will be found), Turkey is already one of the most important 

neighbours of the EU. Moreover, Turkey’s weight will in all likelihood further increase 

against the background of both demographic and economic trends. 

To facilitate the exposition, we will focus on EU averages rather than (a selection of) in-

dividual member states. In doing so we are fully aware of the fact that EU averages may 

not reflect sufficiently the situation in Turkey’s immediate EU neighbours Bulgaria, Cy-

prus and Greece. However, geographic proximity is also not necessarily a good indicator 

of the degree to which two countries are integrated. For instance, EU member states 

with a strong migrant population of Turks such as Germany may be more affected by 

developments in Turkey than geographically closer neighbours without a strong migrant 

population from Turkey. 
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5.4.1 GDP 

Major findings: 

 For the Agitated Normality scenario (solid lines), GDP trends do not deviate much 

from each other. Occasionally, Turkish GDP grows faster than EU GDP, but this 

not a persistent or long lasting pattern. In particular during the last decade, there 

is a short spell of stronger growth but this is quickly reversed. 

 For the Rebound scenario (dotted lines), nothing much changes for the EU com-

pared to the Agitated Normality scenario. It is only versus the end of the projec-

tion period that GDP grows faster than under the Agitated Normality scenario. 

The same is true for Turkey except that the Turkish growth trend is quickly re-

versed and falls under that of the EU. 

 For the Fortress Europe scenario, the picture is quite different for both Turkey and 

the EU. Starting at around 2020, growth is projected to slow down compared to 

the other scenarios. In the EU, this happens faster than in Turkey. However, 

around the mid-2030s the resulting gap starts to close again and from the mid-

2040s onwards, GDP is again higher in the EU, relatively speaking. 

 With the above qualifications, it can thus be concluded that overall GDP trends 

follow similar patterns in both Turkey and the EU. 

 

Figure 36: Deviation of GDP from value in 2012 (base year) in EU 28 and Turkey 

5.4.2 Unemployment 

Major findings: 

 Unlike for GDP, unemployment shows more diverse patterns depending on the 

scenario, although differences between scenarios are small for the three scenari-

os. 
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 In the Agitated Normality scenario (solid lines), unemployment falls in both Tur-

key and the EU, but in Turkey this drop is faster and comes from a higher starting 

point. 

 For the Rebound scenarios (dotted lines), EU unemployment follows a trend that 

is similar to the Agitated Normality scenario but remains on a slightly higher lev-

el.  

 In the Fortress Europe scenario (dashed line), unemployment trends differ signifi-

cantly between Turkey and the EU. Obviously, this may also have far-reaching 

implications for migration given the strong migrant population of Turks in some 

member states and, concurrently, the more recent phenomenon of reverse mi-

gration (Biffl 2013). 

 

Figure 37: Deviation of unemployment from value in 2012 (base year) in EU 28 and Tur-

key 

5.4.3 CO2 Emissions 

Major findings: 

 It is striking to note that no matter which scenario one looks at, emission trends 

are more favourable in Turkey for the next one and a half decades. This picture 

changes only in 2030 when emission trends in Turkey reverse completely and 

emissions increase again no matter which scenario one looks at. 

 Without speculating too much, it can be surmised that the modernisation of the 

Turkish economy is an important driver behind the favourable emissions trends. 

 At latter stages, however, the absence of dedicated climate policies may play an 

important role. Moreover, it should also be noted that emissions trends for the EU 

differ widely between member states. Hence if Turkey is structurally closer to 

member states which exhibit above EU average emission trends, then it should 

not come as a surprise that the same trends are also projected for Turkey. 
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 Although policies obviously do not differ for Turkey, the projections indicate that 

the other assumptions underlying the scenarios, namely those regarding popula-

tion trends, energy prices and so forth, matter substantially for the results. 

 

Figure 38: Deviation of CO2 emissions from value in 2012 (base year) in EU 28 and Tur-
key 

5.4.4 GHG Emissions 

Major findings: 

 Qualitatively, the picture looks similar to the one for CO2 emissions. The main dif-

ference can be observed for the Rebound scenario which is initially characterised 

by a more pronounced downward swing.  
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Figure 39: Deviation of GHG emissions from value in 2012 (base year) in EU 28 and Tur-
key 

5.4.5 SO2 Emissions 

Major findings: 

 Emissions initially fall faster than what is the case (on average) in the EU, proba-

bly again due to the modernisation of the Turkish economy. Around 2030 howev-

er, emissions start to rise again for a decade before they fall again. While the 

reasons for this are not quite clear, they most likely reside in the energy system 

considering that the burning of coal is an important source of SO2 emissions. So if 

coal is increasingly used to produce electricity, then SO2 emissions are likely to go 

up as well. 

 What is also noteworthy is that the Rebound scenario (which is characterised by 

the most stringent environmental policies in the EU) also goes hand in hand with 

the lowest emissions in Turkey. 
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Figure 40: Deviation of SO2 emissions from value in 2012 (base year) in EU 28 and Tur-
key 

5.4.6 Emissions of Black Smoke and VOCs 

Major findings: 

 In line with emission trends in the EU, VOC emissions and emissions of Black 

Smoke in Turkey increase over time. 

 Emissions are generally higher and also more stable for the Agitated Normality 

and Fortress Europe scenarios while for the Rebound Scenarios, they are initially 

much lower even though they then increase faster and reach the level attributed 

to the Agitated Normality scenario. 
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Figure 41: Deviation of VOC emissions from value in 2012 (base year) in EU 28 and Tur-
key 

5.5 The EU-28 Scenarios in a Nutshell 

Table 8 gives an overview of the simulation results compared to each other. This is done 

in a purely qualitative way with “+” indicating that a value is most of the time above that 

found in the other scenarios while a “-“ indicates that a value is most of the time below 

that of the other scenarios. A “=” means either a middle of the road outcome or cases 

where the scenarios do not show significant differences. 

Table 8 indicates above all that for many of the variables considered here, the three 

simulations do not convey clear messages. In particular, neither for CO2 emissions, GHG 

emissions nor emission of Black Smoke and VOCs is one of the scenarios clearly more 

favourable than the other two. As can be seen from Figure 7, whether and to what ex-

tent any of the scenarios exhibits lower or higher emissions than the other two depends 

very much on the chosen point in time. For instance the Rebound scenario implies lower 

emission starting in 2020 but from the 2030s onwards, emissions increase again and 

surpass all the other scenarios by 2040. A similar picture emerges for GHG emissions: 

the Rebound scenario looks better initially but as time passes, the effects of more ambi-

tious environmental policies appear to wear out and are compensated by the effects of 

higher economic growth. This highlights an important point and also illustrates one of 

the advantages of scenario building: the effects of policies cannot be assessed assuming 

that everything else remains equal or that political, environmental and economic chang-

es do not affect the efficacy of a policy measure. More often than not the opposite is 

true. Concomitantly, scenario building helps to identify such possible changes by drawing 

the analyst’s attention to what might happen in the longer run in a coherent and com-

prehensive manner.  
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 Rebound Agitated Fortress 

 GDP + = - 
 Unemployment = - + 
 GINI = = + 
 CO2 Emissions = = = 
 GHG Emissions = = = 
 SO2 Emissions - + = 
 Emissions of Black Smoke and 

VOCs = = = 
 Material Consumption + = - 

Table 8: Comparison of scenarios 

The only “environmental” variable(s) for which the three scenarios show relatively con-

sistent trends are those representing materials consumption. Accordingly, materials con-

sumption in the Rebound scenario is higher (for most of the time) than in any other sce-

nario while the lowest values can be observed in the Fortress Europe scenario. 

As regards the economic variables GDP and unemployment, Table 8 indicates (and Fig-

ure 4 and Figure 5 show in more detail) that the main difference can be found between 

the Fortress Europe scenario on the one hand, and the two other scenarios on the other 

hand. The former exhibits lower growth and higher unemployment whereas for the lat-

ter, the opposite can be observed. Thus, in this regard, the scenarios provide a clearer 

picture but also a slightly more distressing one: while both the Rebound and the Agitated 

Normality scenario are conducive to higher growth and lower unemployment, they are 

not unambiguously favourable with respect to the environment despite the fact that the 

framework conditions would seem to be more supportive of ambitious environmental 

policies. 

6. Conclusions 
In the preceding chapters, we have developed and analysed in more detail three scenar-

ios for the European Union with a view to gain insights about the conditions under which 

environmental policies may have to be adopted and implemented and to understand bet-

ter what the implications of these conditions for the efficacy of the political process and 

of the policies themselves might be. In a constantly changing world, such an exercise is 

crucial in order to ensure to the greatest extent possible that policies remain “in touch” 

with reality. More specifically, the current work is predicated on the view that policies 

which are robust in the face of various possible worlds are often better policies because 

they do not need to be revised immediately if circumstances change. 

At the same time, scenario building itself cannot be done in isolation but needs to in-

volve those who “make” and investigate that reality. This we have done by involving pol-

icy DGs and academic specialists at an early stage of the work in order to check the ro-

bustness of the scenarios in the face of in-depth knowledge about relevant research are-

as and policy fields. 

In building scenarios, we have refrained from adopting a global perspective as this would 

have exceeded our means and capabilities. At the same time, we expressly acknowledge 
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that Europe is not an island. What happens around Europe is likely to impact the oppor-

tunities but also on the challenges and constraints policy makers are facing at home. The 

surging number of refugees from the Near East and beyond is a case in point. It should 

not come as a surprise therefore that in a politically benevolent environment, all sorts of 

reforms have an easy life and that, as a consequence, also other objectives are more 

likely to be reached, not least those in the economic and social realm. 

There is, however, a downside to this conclusion. The simulations which we have under-

taken with the macroeconomic-environment model in order to flesh out our scenarios 

quantitatively suggest that, in sustainability terms, there is no such thing as a free 

lunch. Or to put it differently, while in particular the Rebound scenarios seems to provide 

circumstances which help policy makers with an ambitious environmental agenda, other 

specificities of that scenario (although economically advantageous) turn environmental 

policies into an uphill-battle. This is in particular true for the assumed price trends (food, 

energy and materials) which we consider to be at the lower end of what appear to be 

plausible time paths but clearly consistent with the wider framework conditions assumed 

in our political scenarios. At the same time it should nevertheless be taken into account 

that even with efficiency improvements and structural change taken into account by the 

model, there are many structural features of the economy, ranging from the institutional 

set up to the consumption habits and tastes of people (Rosenbaum 1999), which are 

likely to change over time but are not captured by the model. Hence any quantitative 

scenario faces greater uncertainties than a merely qualitative story. 

Note, finally, that EU averages hide important differences between countries. That is why 

we have opted for a presentation of the simulation results which gives some indication of 

the inherent variety of outcomes without overwhelming the reader with too much infor-

mation. As before these differences have to be seen against the background of a model 

that is not able to capture all future dynamics, both those which will lead to convergence 

between Member States and those which might lead to increasing differences. Whatever 

the case may be though, such differences are likely to feed back into the political process 

as they may lead to (or imply) an unequal sharing of costs and benefits, or, at the very 

least, are perceived as such, thereby raising issues of equity, solidarity and fairness. 
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9. Annex I: Scenarios Europe 2010 – A Summary 

 



93 

 

 



94 

 

 

Source: Bertrand, et al. (1999)
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10. Annex II: The Macroeconomic Model in Detail9 

10.1 Introduction and underlying theory 

Introduction 

The following account of E3ME starts with a brief discussion of the theory behind the 

model. We then move on to the basic model structure before describing in more detail 

the main modules (economy, energy/emissions, and materials). The final two sections in 

this chapter describe the model’s technological progress indicators and compare E3ME to 

other common modelling approaches. 

The theoretical background  

Economic activity undertaken by persons, households, firms and other groups in society 

has effects on other groups after a time lag, and the effects persist into future genera-

tions, although many of the effects soon become so small as to be negligible. However, 

because there are many actors, the effects, both beneficial and damaging, accumulate in 

economic and physical stocks. The effects are transmitted through the environment 

(with externalities such as greenhouse gas emissions contributing to global warming), 

through the economy and the price and money system (via the markets for labour and 

commodities), and through the global transport and information networks. The markets 

transmit effects in three main ways: through the level of activity, creating demand for 

inputs of materials, fuels and labour; through wages and prices, affecting incomes; and 

through incomes, leading in turn to further demands for goods and services. These in-

terdependencies suggest that an E3 model should be comprehensive, and include many 

linkages between different parts of the economic and energy systems. 

These economic and energy systems have the following characteristics: economies and 

diseconomies of scale in both production and consumption; markets with different de-

grees of competition; the prevalence of institutional behaviour whose aim may be maxi-

misation, but may also be the satisfaction of more restricted objectives; and rapid and 

uneven changes in technology and consumer preferences, certainly within the time scale 

of greenhouse gas mitigation policy. Labour markets in particular may be characterised 

by long-term unemployment. An E3 model capable of representing these features must 

therefore be flexible, capable of embodying a variety of behaviours and of simulating a 

dynamic system. This approach can be contrasted with that adopted by general equilib-

rium models: they typically assume constant returns to scale; perfect competition in all 

markets; maximisation of social welfare measured by total discounted private consump-

tion; no involuntary unemployment; and exogenous technical progress following a con-

stant time trend (see Section 10.6 and Barker (1998), for a more detailed discussion). 

10.2 Basic model structure 

The E3ME model comprises:  

 the accounting framework of the economy, based on ESA95, coupled with balanc-

es for energy and material demands and environmental emission flows 

                                           
9 Source: E3ME: An Economy-Energy-Environment Model of Europe, Technical Manual, Version 6.0, chpt. 2.  
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 detailed historical data sets, with time series covering the period since 1970, and 

sectoral disaggregation at the NACE 2-digit level 

 an econometric specification of behavioural relationships in which short-term de-

viations move towards long-term trends 

Figure 42 shows how the three components (modules) of the model (energy, environ-

ment and economy) fit together. For European countries, there is an additional module 

for material consumption; subject to data availability, this will be incorporated for other 

countries as well in future. 

 

Figure 42: E3ME as an E3 model 

The three modules 

Each component is shown in its own box with its own units of account and sources of da-

ta. Each data set has been constructed by statistical offices to conform to accounting 

conventions. Exogenous factors coming from outside the modelling framework are 

shown on the outside edge of the chart as inputs into each component. For the economic 

module these include demographic factors and economic policy (including tax rates, 

growth in government expenditures, interest rates and exchange rates). For the energy 

system, the outside factors are the world oil prices and energy policy (including regula-

tion of energy sectors). For the environment component, exogenous factors include poli-

cies such as reduction in SO2 emissions by means of end-of-pipe filters from large com-

bustion plants. The linkages between the components of the model are shown explicitly 

by the arrows that indicate which values are transmitted between components. 

The economy module provides measures of economic activity and general price levels to 

the energy module; the energy module provides measures of emissions of the main air 

pollutants to the environment module, which can in turn give measures of damage to 
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health and buildings (estimated using the most recent ExternE10 coefficients). The ener-

gy module provides prices and consumption of energy used in the economy. 

10.3 E3ME’s economic module 

Figure 43 shows how E3ME’s economic module is solved for each region. Most of the 

economic variables shown in the chart are solved at the sectoral level. The whole system 

is solved simultaneously for all sectors and all countries, although single-country solu-

tions are also possible.  

 

Figure 43: E3ME’s basic economic structure 

The loops of interdependency 

The chart shows three loops or circuits of economic interdependence, which are de-

scribed below. In addition there is an interdependency between the sectors that is not 

shown in the figure. The loops are: 

Interdependency between sectors: If one sector increases output it will buy more inputs 

from its suppliers who will in turn purchase from their own suppliers. This is similar to a 

Type I multiplier. 

The income loop: If a sector increases output it may also increase employment, leading 

to higher incomes and additional consumer spending. This in turn feeds back into the 

economy, as given by a Type II multiplier. 

The investment loop: When firms increase output (and expect higher levels of future 

output) they must also increase production capacity by investing. This creates demand 

for the production of the sectors that produce investment goods (e.g. construction, engi-

neering) and their supply chains. 

                                           
10 http://www.externe.info/tools.html  

http://www.externe.info/tools.html
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The trade loop: Some of the increase in demand described above will be met by import-

ed goods and services. This leads to higher demand in other countries, which may in 

turn be met by production in other countries. Hence, there is also a loop between coun-

tries. 

Calculation of each component of demand 

We now turn to how the model calculates results for each of the main components in the 

figure above. There is a mixture of accounting and behavioural relationships involved. 

Intermediate demand 

Intermediate demand (the sum of demand from other production sectors) is determined 

by the input-output relationships in the model. When one sector increases its production, 

it requires more inputs to do so. The sectors in its supply chain thus see an increase in 

intermediate demand. 

Household consumption 

Estimating household consumption is a two-stage process. Total consumer spending by 

region is derived from functions estimated from time-series data. These equations relate 

consumption to regional personal disposable income, a measure of wealth for the per-

sonal sector, inflation and interest rates. Share equations for each of the 43 consumption 

categories reported by Eurostat11 are then estimated. In the model solution, disaggre-

gate consumption is always scaled to be consistent with the total. 

Government consumption 

Government consumption is given by assumption, split into the main different compo-

nents of spending. It is therefore exogenous in the simulations and will not change un-

less explicitly requested by the modeller. 

Investment 

Gross Fixed Capital Formation is determined through econometric equations estimated 

on time-series data. Expectations of future output are a key determinant of investment, 

but investment is also affected by relative prices and interest rates. 

Unfortunately, due to data limitations investment is not disaggregated by asset in E3ME, 

although a split between ICT and non-ICT investment is retained in the historical data 

for European regions. This split is important in determining endogenous technological 

progress (see Section 10.6) in the model. 

Stockbuilding is treated as exogenous in the model. 

International trade 

The treatment of international trade has been revised substantially for E3ME version 6.0. 

The new approach makes use of the time series of bilateral trade that are now available 

from the OECD. The approach has four stages: 

                                           
11 28 categories for regions outside Europe. 
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For each country, total imports are estimated using equations based on time-series na-

tional accounts data. Import volumes are determined primarily by domestic activity rates 

and relative prices. 

Separate bilateral equations for import shares are then estimated for each region, sector 

and origin region. These equations have the same structure as the aggregated ones. 

Bilateral imports are then scaled so that they sum to the total estimated at the first 

stage. 

Finally, export volumes are determined by inverting the flows of imports. 

Output and determination of supply 

Total product output, in gross terms, is determined by summing intermediate demand 

and the components of final demand described above. This gives a measure of total de-

mand for domestic production. 

It is assumed that, subject to certain constraints, domestic supply increases to match 

demand (see Figure 44 for how this is implemented within the National Accounts struc-

ture). The most obvious constraint is the labour market (see below); if there is not 

enough available labour then production levels cannot increase. However, the model’s 

‘normal output’ equations also provide an implicit measure of capacity, for example lead-

ing to higher prices and rates of import substitution when production levels exceed 

available capacity. 

The relationship between prices and quantities is discussed later in this section. 

 

Figure 44: Determination of supply and demand 
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The labour market and incomes 

Treatment of the labour market is another area that distinguishes E3ME from other mac-

roeconomic models. E3ME includes econometric equation sets for employment (as a 

headcount), average working hours, wage rates and participation rates. The first three of 

these are disaggregated by economic sector while participation rates are disaggregated 

by gender and five-year age band (only gender for non-EU countries). 

The labour force is determined by multiplying labour market participation rates by popu-

lation. Unemployment (including both voluntary and involuntary unemployment) is de-

termined by taking the difference between the labour force and employment. 

Labour market interactions 

There are important interactions between the labour market equations. They are sum-

marised below: 

 Employment = F (Economic output, Wage rates, Working hours, …) 

 Wage rages = F (Labour productivity, Unemployment, …) 

 Working hours = F (Economic output in relation to capacity, …) 

 Participation rates = F (Economic output, Wage rates, Working hours, …) 

 Labour supply = Participation rate * Population 

 Unemployment = Labour supply – Employment 

Analysis of skills 

E3ME does not include measures of skills demand and supply explicitly, but the model 

results for sectoral employment and labour supply may be used to derive both of these. 

Cambridge Econometrics works in collaboration with the Institute for Employment Re-

search (IER) at Warwick University in the UK to produce these results. 

Incomes 

Due to limitations in available time-series data, E3ME adopts a representative household 

for each region. Household income is determined as: 

Income = Wages – Taxes + Benefits + Other income 

The taxes currently distinguished are standard income taxes and employees’ social secu-

rity payments (employers’ social security payments are not included in wages). A single 

benefit rate is used for each region. 

‘Other income’ includes factors such as dividend payments, property rent and remittanc-

es. At present, it is not possible to derive data for these financial flows and so they are 

either estimated fixed, or held constant in relation to wages. 

Household income, once converted to real terms, is an important component in the 

model’s consumption equations, with a one-to-one relationship assumed in the long run. 

Price formation 

So far, the discussion has largely focused on real production (apart from wage rates). 

However, for each real variable there is an associated price, which influences quantities 
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consumed. For example, each category of household expenditure has a price variable 

attached to it, which influences consumption patterns within the model. 

Aside from wages, there are three econometric price equations in the model: 

 domestic production prices 

 import prices 

 export prices 

These are influenced by unit costs (derived by summing wage costs, material costs and 

taxes), competing prices and technology. Each one is estimated at the sectoral level. 

One of the key price variables in the model is the price of domestic consumption. This 

too is estimated at the sectoral level, by taking a weighted average of domestic and im-

port prices, subtracting the export component. This price is then used to determine the 

prices for final consumption goods; for example if the car sector increases prices, this 

will be reflected in the price consumers pay for cars. 

Aggregate deflators, including the Consumer Price Index, are derived by taking the av-

erage of prices across products and sectors. 

Social indicators 

Policy assessments, including Impact Assessment at European level, require an analysis 

of ‘economic, social and environmental impacts’ (European Commission 2009). In quan-

titative modelling, the assessment of social impacts is often largely ignored. This is part-

ly due to a lack of quantitative indicators, but another reason is that it often does not fit 

well into the basic model structure.  

Like other models, E3ME is able to provide less coverage of social factors than economic 

factors (see above) and environmental impacts (see next two sections), but social fac-

tors are not ignored completely. The main social indicators in the model are: 

 sectoral employment and working hours 

 sectoral wage rates 

 unemployment 

 an estimate of (real) income distribution 

The labour market indicators have already been discussed, and so the remainder of this 

section focuses on the estimates of distributional impacts. 

Distributional income 

E3ME’s model of distributional income is relatively basic, including income quintiles and 

some specific socio-economic groups, as defined by the Eurostat data. For a detailed 

analysis, a microsimulation model, such as Euromod (Immervoll, et al. 1999, Jara, et al. 

2013) is required. At present, Euromod is only able to cover European countries. The 

analysis of distributional income also sits outside the main modelling framework, as the 

time-series data required to estimate econometric equations are not available; one con-

sequence is that there is no feedback from the distributional analysis to aggregate 

household expenditure. 
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The E3ME approach is based on two components. The first is the income component. For 

each social group, the shares of their income from wages, benefits and other income 

(minus their tax deductions) are scaled in line with the aggregate model results for wag-

es and benefits, etc. So a scenario that includes increases in benefit rates would show 

positive results for low-income groups who rely more on benefits. 

The second component links household expenditure survey data to the model results for 

consumer prices. This component is mainly used to assess the effects of higher energy 

prices, as in many countries low-income households use a larger share of their incomes 

for space heating. A rise in energy costs would therefore reduce their real incomes dis-

proportionately. 

The many limitations of this approach reflect the limited availability of the data. Among 

these limitations: 

It is not possible to estimate different responses to higher energy costs between the 

groups. For example, it is often suggested that high-income households have access to 

finance to pay for energy-efficient equipment; and this could be reflected by higher price 

elasticity. 

It is not possible to consider how changes in wage rates affect particular social groups. 

For example, there is no data linkage between sectoral employment and the social 

groups, and it is not possible to address differences in wages within sectors. 

The approach cannot address heterogeneity within a group. For example, model results 

suggest that higher costs for motor fuel affect low-income households less, as they are 

less likely to own a car. But low-income households that do have cars will still be affect-

ed.  

In summary, the results should be considered carefully in the context of the scenarios 

modelled and at times perhaps viewed with caution. Nevertheless, the approach is able 

to give at least an indication of the type of distributional effects expected, possibly sug-

gesting grounds for further analysis with a dedicated tool. An example of distributional 

analysis is provided in Ekins, et al. (2011). 

The results for distributional income have been extended to provide an expenditure-

based version of the GINI coefficient (by interpolating the income quintiles). Although 

with the available data it is not possible to create a GINI coefficient based on changes in 

income, we can assess the real expenditure effects so as to give an equivalent measure. 

The result would be in the form: 

This policy affects the real spending power of all income groups; its distributional im-

pacts are equivalent to a change in the GINI coefficient of X.X%. 

10.4 Energy-emissions modelling in E3ME  

This section outlines how energy demand and prices are modelled in E3ME, and how this 

links into the economic modelling. 

Appendix A describes the differences between top-down and bottom-up modelling but 

the current version of E3ME can be described as top-down in its energy modelling, with a 

bottom-up submodel of the electricity supply sector. 
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This section first describes the main energy module in E3ME, before focusing on the 

power sector model. The final part of this section describes how emission levels are de-

rived. 

E3ME's main energy module  

The energy module in E3ME is constructed, estimated and solved for each energy user, 

each energy carrier (referred to below as ‘fuels’, for convenience) and each region. Fig-

ure 45 shows the inputs from the economy and the environment into the components of 

the module and Figure 46 shows the feedback from the energy module to the economic 

module. 

Total energy demand 

Aggregate energy demand, shown at the top of Figure 45, is determined by a set of 

econometric equations, with the main explanatory variables being: 

 economic activity in each of the energy users 

 average energy prices for each energy user in real terms 

 technological variables, represented by investment and R&D expenditure and 

spillovers in key sectors producing energy-using equipment and vehicles 

 

Figure 45: Inputs to the energy module 
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Figure 46: Feedback from the energy module 

Price elasticities 

It should be noted that the long-run price elasticities of demand for energy are the only 

model parameters that are not derived from the time-series data12. The reason for this is 

that the past data may not be a good guide to future responses. 

Typically, changes in energy prices in the historical data have been due to fluctuations in 

commodity prices and have been temporary in nature. However, the changes in energy 

prices that are modelled using E3ME tend to be based on permanent changes in policy 

and are therefore more likely to lead to behavioural change. Estimating elasticities based 

on the time-series data could thus lead to a downward bias. 

Instead, the long-run price elasticities used are taken from a combination of cross-

section estimation and reviewed literature. For most sectors the values range from -0.2 

to -0.3, meaning that a 1% increase in price leads to a 0.2-0.3% reduction in consump-

tion. For road transport, a higher value of -0.7 is used, taken from Franzén and Sterner 

(1995)and Schipper and Johansson (1997) and confirmed by CE’s own analysis. Short-

run elasticities are based on the time-series data and are usually close to zero. 

Fuel substitution 

Fuel use equations are estimated for four fuels (coal, heavy oils, gas and electricity) with 

four sets of equations estimated for the fuel users in each region. These equations are 

intended to allow substitution between these energy carriers by users on the basis of 

relative prices, although overall fuel use and the technological variables are allowed to 

affect the choice.  

                                           
12 There are also some parameters that are fixed by theory, such as the assumption that in the long run 
household expenditure is equal to household income. 
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Since the substitution equations cover only four of the twelve fuels, the remaining fuels 

are determined either as fixed ratios to aggregate energy use or are assumed to behave 

in the same way as other, closely related fuels (e.g. other coal and hard coal, crude oil 

and heavy fuel oil, other gas and natural gas). The final set of fuels used must then be 

scaled to ensure that it adds up to the aggregate energy demand (for each fuel user and 

each region).  

One point to note is that the current version of E3ME includes only one fuel type for road 

transport (middle distillates, not distinguishing between petrol and diesel). The econo-

metric equations are not able to consider electrification of the transport system, as there 

is no historical precedent for this. These developments must therefore be entered as as-

sumptions by the model user. 

Feedbacks to the economy 

The economic feedbacks are based on the fact that the same transactions appear in the 

energy data and in the economic data, albeit in different units. For example, the iron and 

steel sector’s purchases of coal appear as: 

 coal consumption in the IEA energy balances (as time series), measured in toe 

 an input-output flow in the National Accounts (for the base year), measured in 

m$ 

The feedbacks from the energy module assume a one-to-one relationship between these 

two measures, once price changes are taken into account. 

This places quite a strong weight on consistency between the two data sets. Theoretical-

ly, the energy balances multiplied by the fuel costs (excluding taxes) should match the 

flows in the input-output table, once distribution costs are taken into account. However, 

this is often not the case (for example, because of differences in definition) and the 

mismatch in data can lead to apparently non-important uses of fuel having large eco-

nomic consequences. 

The team at Cambridge Econometrics therefore works to ensure consistency in the data 

sets where reasonably possible. Adjustments are sometimes made to the base-year in-

put-output tables to ensure accuracy in the modelling. 

There are also feedbacks from the energy module to household final demand. In the 

same way that an input-output flow provides an economic representation of sector pur-

chases of energy, consumer expenditure on energy in the national accounts is equivalent 

to the energy balances for household purchases. In E3ME, the approach is to set the 

economic variables so that they maintain consistency with physical energy flows. The 

same issues about consistency of data described above apply here. 

The power sector submodel  

Here we describe the power sector model that is used in version 6.0 of E3ME. It should 

be noted that a new model is expected to be incorporated towards the end of 2013 re-

placing the one described here. 
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Overview 

The Energy Technology (ETM) submodel of the power sector is a dynamic bottom-up 

technology simulation treatment which represents the take-up of energy supply options, 

both conventional and low-carbon. It represents an engineering treatment that models 

endogenously an array of low-carbon energy options for electricity supply that could 

emerge in the future, even though their costs are currently high relative to those of fos-

sil fuels.  

The ETM models the process of substitution, allowing for non-carbon energy sources to 

meet a larger part of European energy demand as the prices of these sources decrease 

with investment, learning-by-doing and innovation. Following the demand for various 

existing energy carriers, substitution will take place conditional on the possibility of sup-

ply of various energy sources. For each type of energy demanded, there is usually a 

technology or fuel 'of choice' (called marker technology) with which the alternatives will 

have to compete.  

The different technologies 

New technologies are brought forward by investment decisions related to their relative 

costs compared to the marker technology. In E3ME the investment decision is repre-

sented as one taken institutionally by a social planner following the rules promoting effi-

ciency under social, economic and political restrictions. Desired capacity will determine 

the size of the investment, and will depend on load factors, desired generation and the 

ratio between maximum generation and average generation. Since there is a considera-

ble lag between the decision to invest and the investment coming on stream (a lag of up 

to ten years is allowed in E3ME), desired capacity and therefore desired generation have 

to be projected.  

The key factor driving the investment decision is cost minimisation over the first eleven 

years of the project. It is assumed that decisions are decentralised, while economic in-

struments are included to provide incentives for different technologies. Functional forms 

and parameters are largely imposed, with testing and adjustment so that historical data 

are explained by the model. The classifications contain 28 technologies, with each tech-

nology having 28 characteristics, and nine categories for the cost-benefit calculations. 

There are four sets of data in the cost-benefit NPV classification: 

 capital costs 

 non-fuel current costs 

 fuel costs 

 emission allowance prices 

The overall net costs by technology are calculated in €/MWe. The capital and non-fuel 

current costs vary across different electricity investment technologies and are calibrated 

to EU conditions. The projected fuel costs in the NPV calculation are derived from the 

E3ME projections, while EU ETS prices may be calculated by the model or entered as ex-

ogenous.  

Investment shares between the electricity generation technologies are based on a lo-

gistic equation, with the responses dependent on the differences over time of the tech-

nology's price relative to the marker technology. If the price falls, the technology will be 
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adopted at an increasingly faster pace, but eventually the pace slows as saturation is 

approached.  

The investment decisions as well as the calculation of lifetime costs rest on a number of 

parameters. The values of the parameters are derived from Anderson and Winne (2004), 

and have subsequently been adjusted for E3ME. Ideally, the parameters would differ be-

tween regions, reflecting differences in behavioural patterns that can sometimes be sig-

nificant in size. However, in view of the available data, at this stage parameters are as-

sumed to be equal across regions.  

The ETM is described in more detail in Barker, et al. (2007).  

E3ME's emission submodel  

The emissions module calculates air pollution generated from end-use of different fuels 

and from primary use of fuels in the energy sectors themselves, particularly electricity 

generation. The current emissions included are: 

 carbon dioxide (CO2) 

 sulphur dioxide (SO2) 

 nitrogen oxides (NOx) 

 carbon monoxide (CO) 

 methane (CH4) 

 larger particulates (PM10) 

 volatile organic compounds (VOC) 

 chlorofluorocarbons (CFCs)  

 nitrous oxide (N2O) 

 hydrofluorocarbons (HFC) 

 perfluorocarbons (PFC) 

 sulphur hexafluoride (SF6) 

The last four in the list, together with CO2 and CH4, constitute the six greenhouse gases 

monitored under the Kyoto protocol.  

CO2 emissions 

Emissions data for CO2 from energy consumption are available for each of the energy 

users in the model. Coefficients (tonnes of carbon in CO2 emitted per toe) are implicitly 

derived using historical data (and sometimes also baseline projections). This forms the 

relationship between energy consumption and emissions. 

Process CO2 emissions, for example from the chemicals and cement sectors, are also in-

cluded explicitly in the modelling, but are linked to production from those sectors rather 

than energy consumption. 

Other emissions 

The treatment of other emissions is less detailed and results are not usually disaggre-

gated by sector. In addition, it should be noted that many of the impacts of the other 

emissions (e.g. PM10) are localised and cannot be captured by a model that operates at 

national level. 
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The general approach is to link these emissions to a small set of sources that fit into the 

model variables, such as consumption of a particular fuel or output of a particular eco-

nomic sector. Linear coefficients are then formed to link these activity sources to emis-

sions levels. 

This approach ensures that the model results match published totals, and it also gives an 

indication of possible outcomes from policy. However, it is not intended to replace more 

specialised tools. For example, E3ME would not be an appropriate tool for assessing poli-

cies to reduce methane in the agricultural sector because it does not include the neces-

sary detail; a dedicated (partial) agricultural model would be required instead. 

Emission damage costs 

Using estimated (ExternE) damage coefficients, E3ME can also estimate ancillary 

costs/benefits relating to a change in associated emissions, e.g. PM10, SO2, NOx, within 

European countries. 

The approach is to parameterise the results from the EcoSense LE13 model (available 

online) by running a set of queries with a unit increase in emissions. Characteristics re-

lating to pollution source (e.g. urban/rural, height of release) are attributed to each sec-

tor. 

The results can be used to give marginal costs/benefits relating to impacts on human 

health, crops and buildings. The advantage of integrating this in E3ME is that the as-

sessment can be combined with the macroeconomic analysis. In future it would also be 

interesting to look at some of these outcomes in more detail, for example instead of tak-

ing basic costs (in millions of euros) it would be possible to include explicitly changes in 

labour productivity and costs to national health systems. 

10.5 The model of material consumption 

Overview 

E3ME’s material model was originally developed for the European Matisse research pro-

ject14 and documented in Pollitt (2007). It has since further been applied in the petrE 

project (Ekins, et al. 2012) and analysis for the European Commission. However, it is 

still the case that very few macroeconomic models currently include physical measures 

of material consumption, although environmentally extended input-output analysis is 

much more common. The advantage that E3ME offers over the input-output approach is 

its dynamic nature, with rates of material intensity allowed to change in response to 

price and other economic factors; rather than following a fixed input-output structure. 

Material types 

E3ME currently models material consumption for each of the EU’s Member States. Sub-

ject to data availability, in future this will be expanded to provide global coverage. At 

present the following material types are modelled: 

 Food 

                                           
13 This is the result of the European Commission NEEDS and CASE research projects and is maintained by the 
University of Stuttgart. 
14 http://www.matisse-project.net/  

http://www.matisse-project.net/
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 Animal feed 

 Forestry 

 Construction minerals 

 Industrial minerals 

 Ferrous ores 

 Non-ferrous ores 

These match the aggregate categories that feature in Eurostat’s data set. In future they 

could be expanded further for specific analysis. 

Data 

Data for material consumption are in general not disaggregated by sector. However, in 

E3ME consumption is split into a set of material users, and so sectoral consumption must 

be estimated. This is done largely by combining two different data sets: the Eurostat 

material flows data, disaggregated by country and material (Eurostat), and further Euro-

stat figures15, disaggregated by sector and material for the EU27 as a whole. Some addi-

tional assumptions are made, for example, that only the agriculture sector consumes an-

imal feed. 

Time series are constructed on this basis and used to estimate the model parameters. 

Material variables 

E3ME principally uses Domestic Material Input (DMI) as its measure of material con-

sumption, although exports can be separated to get Domestic Material Consumption 

(DMC), and imports removed to get Domestic Extraction (DE). 

The basic model structure does not include rucksack measures or estimates of unused 

materials, but Total Material Requirement (TMR) is estimated by using a coefficient 

method that fixes the ratio of TMR to DMI. 

Basic structure 

The basic structure of the material demand equations is similar to that of the equations 

for aggregate energy demand. Material consumption (DMI per unit of output) is a func-

tion of economic activity, material prices and measures of technology. There is also a 

term in the equation to account for the changing share of imports in consumption, due 

to the relatively different weights of imports and domestic extraction. 

Feedback to the economic model 

The method of feedbacks is also very similar in nature to that of the energy module. It is 

assumed that all material consumption meets intermediate demands (i.e. materials are 

used as part of the production process and not bought by households directly). A rela-

tively small number of sectors produce the materials: agriculture and fishing produce 

food and feed; the forestry sector produces forestry; and other mining produces all min-

eral categories. The feedback is through adjustments to economic input-output coeffi-

cients, as described in the previous section. 

                                           
15http://epp.eurostat.ec.europa.eu/portal/page/portal/environmental_accounts/documents/Project_Estimates_f
or_Raw_Material_Consumption_(RMC)_and.pdf  

http://epp.eurostat.ec.europa.eu/portal/page/portal/environmental_accounts/documents/Project_Estimates_for_Raw_Material_Consumption_(RMC)_and.pdf
http://epp.eurostat.ec.europa.eu/portal/page/portal/environmental_accounts/documents/Project_Estimates_for_Raw_Material_Consumption_(RMC)_and.pdf
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10.6 Endogenous technological progress 

E3ME's technological indices  

Technological progress is often represented as exogenous in macroeconomic models 

(e.g. via a time trend) or as a residual in a neoclassical production function. Both meth-

ods have their drawbacks. The neoclassical approach is somewhat circular in its logic, 

i.e. to know a firm's production capabilities one needs to model technological progress, 

but in modelling technological progress one is already making an assumption about the 

production capabilities. The time trend approach is also unappealing given its theoretical 

background.  

The approach to constructing the measure of technological progress in E3ME is adapted 

from that of Lee, et al. (1990). It adopts a direct measure of technological progress by 

using cumulative gross investment, but this is altered by using data on R&D expenditure, 

thus forming a quality-adjusted measure of investment. The equation for Tt is written 

as: 

𝑇𝑡 = 𝑐 + 𝛼𝑑𝑡(𝜏1)  

where 𝑑𝑡(𝜏1) satisfies the following recursive formula 

𝑑𝑡(𝜏1) = 𝜏1𝑑𝑡−1(𝜏1) + (1 − 𝜏1)log (𝐺𝐼𝑡 + 𝜏2𝑅𝐷𝑡)  

where 

𝐺𝐼𝑡 = the level of gross investment 

𝑅𝐷𝑡 = constant-price research and development expenditure 

τ1 = a measure of the impact of past quality-adjusted investment on the current 

state of technical advance, while 

τ2 = a measure of the weight attached to the level of R&D expenditure. 

To initialise the recursive process for 𝑑𝑡, the assumption is made that in the pre-data pe-

riod the process generating log(𝐺𝐼𝑡) is characterised by a random walk. Under this as-

sumption the first value of 𝑑𝑡 can be written as 

𝑑𝑡 = log (𝐺𝐼)  

where the right-hand side represents the average of gross investment over the first five-

year sample period. The series dt(τ1) is then calculated by working the recursive proce-

dure forward, given the initial value, 𝑑0. 

For European data, there are two technical progress indicators, one of which is based on 

ICT investment and one of which includes other investment. This draws on the EU 

KLEMS database. An alternative specification would be to include patent registration in 

the above equation. However, current data are not of a satisfactory standard to include 

in E3ME. This is the subject of on-going research. 

𝜏1 is set at 0.3 following an estimate of impacts based on the economic literature 

(Cambridge Econometrics 2007). 𝜏2 is set to 1 for the ICT measure of technical progress, 
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but is zero for the non-ICT indicator. For non-European countries 𝜏2 is set to 1 for the 

technical progress indicator. 

10.7 E3ME compared to other macroeconomic models 

E3ME in comparison to CGE models 

E3ME is often compared to other macroeconomic models. Computable General Equilibri-

um (CGE) models have become the standard tool for long-term macroeconomic and en-

ergy-environment-economy (E3) analysis. Their use is widespread; notable examples 

include GTAP (Hertel 1999), the Monash model (Dixon and Rimmer 2002) and GEM-E3 

(Capros, et al. 2012). Many of these models are based on the GTAP database that is 

maintained by Purdue University in the US. 

In terms of basic structure, purpose and coverage, there are many similarities between 

E3ME and comparable CGE models. Each is a computer-based economic model that con-

siders E3 interactions at the global level, broken down into sectors and world regions. In 

addition, the regional and sectoral disaggregations are broadly similar. Both modelling 

approaches are based on a consistent national accounting framework and make use of 

similar national accounts data. 

Key differences 

However, beneath the surface there are substantial differences in modelling approach 

and it is important to be aware of this when interpreting results. The two types of model 

come from distinct economic backgrounds; while they are in general consistent in their 

accounting and identity balances, they differ substantially in their treatment of behav-

ioural relationships. The CGE model favours setting these in line with economic theory, 

for example by assuming that individuals act rationally in their own self-interest. In con-

trast, econometric models like E3ME interrogate historical data sets to try to determine 

these relationships on an empirical basis. 

Many of the assumptions that underpin CGE (and DSGE) models have been increasingly 

questioned as to whether they provide an adequate representation of complex real-world 

behaviour. Examples include perfect competition, perfect knowledge and foresight, and 

optimal rational behaviour and expectations. Some CGE models have been adapted to 

relax certain assumptions but the underlying philosophy has not changed. 

The main drawback of the E3ME approach in comparison to CGE models is its reliance on 

having high-quality time-series data. There is at present no equivalent to the GTAP da-

tabase for time series, so a large amount of resources must be put into compiling suita-

ble data sets. 

Jansen and Klaassen (2000) and Bosetti, et al. (2009) describe some of the differences 

between modelling approaches in the context of environmental tax reform. 

Comparing E3ME to econometric forecasting models 

E3ME is sometimes also compared to short-term econometric forecasting models. Most 

conventional macroeconomic models, which are typically operational in government, de-

scribe short and medium-term economic consequences of policies but have only a limited 
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treatment of longer-term effects. This restricts their ability to analyse long-term policies. 

Furthermore, they often lack a detailed sectoral disaggregation. 

These models are usually used for short-term forecasting exercises, often with a quar-

terly or even monthly resolution. 

Where E3ME fits in… 

E3ME combines the features of an annual short- and medium-term sectoral model esti-

mated by formal econometric methods with the detail and some of the methods of CGE 

models, providing analysis of the movement of the long-term outcomes for key E3 indi-

cators in response to policy changes. It is essentially a global and dynamic simulation 

model that is estimated by econometric methods. 

The method: long-term equations and short-term dynamic estimation 

E3ME has a complete specification of the long-term solution in the form of an estimated 

equation which has long-term restrictions imposed on its parameters. Economic theory, 

for example theories of endogenous growth, informs the specification of the long-term 

equations and hence properties of the model; dynamic equations which embody these 

long-term properties are estimated by econometric methods to allow the model to pro-

vide forecasts. The method utilises developments in time-series econometrics, with the 

specification of dynamic relationships in terms of error correction models (ECM) that al-

low dynamic convergence to a long-term outcome. 

E3ME is, therefore, the result of a relatively ambitious modelling project which expands 

the methodology of long-term modelling to incorporate developments both in economic 

theory and in applied econometrics, while at the same time maintaining flexibility and 

ensuring that the model is operational.  

Comparative advantages of E3ME  

Compared to the other macroeconomic models currently used, E3ME has the following 

advantages: 

Geographical coverage 

The current version of E3ME provides global coverage, with explicit representation of 

each Member State in the European Union. 

Sectoral disaggregation  

The detailed nature of the model allows the representation of fairly complex scenarios, 

especially those that are differentiated according to sector and to country. Similarly, the 

impact of any policy measure can be represented in a detailed way. 

Econometric pedigree  

The econometric and empirical grounding of the model makes it better able to represent 

performance in the short to medium terms, as well as providing long-term assessment. 

It also means that the model is not reliant on the rigid assumptions common to other 

modelling approaches. 
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E3 linkages  

E3ME is a hybrid model. An interaction (two-way feedback) between the economy, ener-

gy demand/supply and environmental emissions is an undoubted advantage over models 

that may either ignore the interaction completely or only assume a one-way causation.   
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