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2 Introduction 
2.1 Why a macro-economic impact assessment? 

Impact assessment is, from several decades, a current and even mandatory tool to support policy 
making. Since the Earth Summit1 in Rio the Janeiro in 1992, and through the chapter 8 of the 
Agenda 21, the sustainable development has been considered in the decision making process 
(Brodhag and Talière, 2006). At EU level, the European Commission established internal 
guidelines for impact assessment as regards of sustainable development for any initiative from 
2002 (Tscherning et al., 2008). And in 2017, the Better Regulation Guidelines is defined as 
follows: “Impact assessments collect evidence (including results from evaluations) to assess if 
future legislative or non-legislative EU action is justified and how such action can best be 
designed to achieve desired policy objectives. […] The Commission's impact assessment system 
follows an integrated approach that assesses the environmental, social and economic impacts of 
a range of policy options thereby mainstreaming sustainability into Union policymaking” (EC, 
2017a). 

In the context of the SET-Nav project, the impact assessment will cover economic and 
environmental impacts of a set of case studies, with the support of a group of detailed modelling 
tools specific to European energy system as the whole or for a part. And even if the inter-linkage 
between energy-sectors models allows a consistent and precise impact assessment within the 
energy sectors, it requires a more boarder scope to fully assessment the socio-economic impacts 
for member states’ economy. Even if the main evolution and then impact will occur in the energy 
sectors, it is also essential to cover macro-economic aspects such as inter-sectoral relationships, 
labour market or competitiveness impacts to ensure a fully integrated impact assessment. By the 
way, this study uses macro-economic models to complete the energy-system impact assessment.  

2.2 Why use several models? 

In the SET-Nav project, three different macro-economic models are used: ASTRA, NEMESIS and 
REMES2. There are all macro-economic models for the EU economy but they differ on several 
points: (i) their theoretical background, (ii) their datasets and (iii) their own specific that is to say 
according to their degree of aggregation and the emphasis in the modelling of some economic 
sectors or some economic mechanisms. The REMES model is a general equilibrium model 
based on neo-classical economic theory assuming that all markets are at the equilibrium whereas 
the ASTRA and NEMESIS models are more hybrid-models, grounded on econometric works, and 
more based on neo-Keynesian economic theory. Furthermore, all the models have detailed 
disaggregation of the economic activity by sectors, from 25 in ASTRA to 30 in NEMESIS. Finally, 
they can be also distinguished by specific properties, for example: a detailed description of the 
transport sector in ASTRA, the distinction between high- and low-qualified labour in the NEMESIS 
model or endogenous exchange rate calculation in REMES. 

The use of three different macro-economic models will thereby allow the reinforcement of the 
impact assessment as they will provide a set of output that will differ. This difference in the socio-
economic impact assessment will enrich the analysis in the sense that it will not provide one 

                                                   
1 UN Conference on Environmental and Development UNCED. 
2  The ASTRA model is developed and managed by Fraunhöfer ISI (www.isi.fraunhofer.de) and M-Five (m-
five.de), the NEMESIS model by SEURECO (http://www.erasme-team.eu/) and the REMES model by SINTEF 
(https://www.sintef.no). 
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finale value but more a range in which expected impacts operate. Furthermore, the analysis of 
these differences will focus on the main mechanisms explaining them and then it can provide 
important insights on the key points of the socio-economic impact assessments3.  

 

3 Three macro-econometric models 
3.1 The NEMESIS model 

The NEMESIS model is based on detailed sectorial models for each EU member state4. The 
construction and the description of macro-economic pathway established by the NEMESIS model 
could be viewed as a "hybrid", i.e. "bottom-up" forces resulting from sectoral dynamics and 
interactions and "top-down" ones coming from macro-economic strength (labour force, 
international context, financial aspects, etc.). The sectoral interactions come mainly only from 
input/output matrix. The NEMESIS model is "econometric", implying that equations are not 
directly derived from the traditional optimality condition even if the agents’ behaviour is implicitly 
governed by utility or profit maximization.  

On the supply side, NEMESIS distinguishes 30 production sectors. Production in sectors is 
represented with CES production functions with 5 production factors: capital, low-qualified labour, 
high-qualified labour, energy and intermediate consumption. Interdependencies between sectors 
and countries are finally caught up by a collection of convert matrices describing the exchanges 
of intermediary goods and of capital goods and the description of substitutions between 
consumption goods by a very detailed consumption module. On the demand side, representative 
households’ aggregate consumption is dependent on current income, population structure, etc. 
Consistent with the other behavioural equations, the consumption module is based on the 
assumption that there exists a long-run equilibrium but rigidities are present which prevent 
immediate adjustment to that long-term solution. Altogether, the total households aggregated 
consumption is indirectly affected by 27 different consumption purposes through relative prices 
and income. For external trade, it is treated in NEMESIS as if it takes place through two channels: 
intra-EU, and extra-EU trades. The intra- and extra-EU export equations can be separated into 
two components, income and prices.  

In addition to traditional macroeconomic indicators such as GDP, prices and competitiveness, 
employment and revenues, the sectoral dimension of the model allows the analysis of the inter-
industrial dynamics of the European economies through sectoral value added, production and 
employment.  

NEMESIS can be used for many purposes as short and medium-term economic and industrial 
projections; analysing Business As Usual (BAU) scenarios and economy long-term structural 
change, research and innovation policies, energy supply and demand, environment and more 
generally sustainable development. NEMESIS is regularly used to study BAU as well as 
alternative scenarios for the EU in order to reveal future economics, environmental and societal 

                                                   
3 See e.g. Duscha et al., 2016 or Capros et al., 2014a for multi-model impact assessment. 
4 The version of the NEMESIS model used for the SET-Nav project does not integrated the energy/environment 
module (Capros et al., 2014b and Boitier et al., 2016) as well as the endogenous growth module (Le Mouel et al., 
2016) in order to avoid inconsistency (and overlapping) with energy-system models that will be interlinked the 
NEMESIS model. 
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challenges (projections of sectorial employment, short and medium-term economic path, long-
term economic path, etc).  

 

 

Figure 1: Simplified scheme of main economic mechan isms of the NEMESIS model 

 

3.2 The ASTRA Model 

The System Dynamics model ASTRA is an Integrated Assessment Model (IAM) allowing the 
analysis of impacts of various transport policies and strategies. The model has been applied also 
for analyses of energy policies, climate policies and innovation policies. Like for all IAMs, it links 
different systems such that changes in one system can induce changes in another system and 
vice versa. ASTRA simulates the systems of demography, transport, vehicle fleets, environment 
and economy including foreign trade (see Figure 2). 

ASTRA is based on System Dynamics methodology (Sterman, 2000) and emphasizes dynamic 
interactions, the integration of differences in short- and long-run effects and an explicit modelling 
of supply-side restrictions. The model contains 25 economic sectors of the base on Eurostat 
Input-Output tables and uses the time span from 1995 to 2015 for calibration. Figure 3 provides a 
schematic illustration of the modelling logic in the economic model of ASTRA and shows how the 
main policy impacts derived from the transport models flow within the macroeconomic modelling. 
The policy measures considered in the transport demand models lead to changes in investments 
(e.g. investments of vehicles) and consumption (e.g. reduced transport expenditures). These 
bottom-up impulses are integrated in ASTRA by changing consumption shares on different 
spending sectors, investments and the input-output coefficients. Consumption and investments 
(together with government expenditures and exports) form the second quadrant of the Input-
Output tables, which is equivalent to final demand, when imports are subtracted. This demand 
side of the economy is complemented by the supply side, which is fed by capital, labour and 
technological progress, representing the production potential. Gross Domestic Product (GDP) is 
derived by balancing both sides of the economy, supply and demand. GDP growth enforces a 
further growth in consumption, triggering investments to meet this new consumption demand. 
These feedback effects between GDP, income, consumption, investments and again GDP are a 
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key feature of the economic model of ASTRA and allow for modelling indirect effects (or second 
round effects) arising from the implementation of transport policy measures. Taking into account 
the second-round effects is particularly important when modelling the long-term macroeconomic 
impacts on growth and jobs of transport policy. 

 

Figure 2: Overview on the six modules of the ASTRA model 

Within in the framework of SET-Nav Croatia is implemented in ASTRA to cover the impact of the 
EU 28 as well as Switzerland and Norway. Further, the model is updated to the available data 
until 2016 and newly calibrated to the values from the EU Reference Scenario 2016 (EC, 2016). 

 

 

Figure 3: Overview on the economic interactions in the macro-economic module 
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3.3 The REMES model 

REMES, short for Regional Equilibrium Model with Focus on the Energy System, is a Computable 
General Equilibrium model (Werner et al., 2017) of the Arrow-Debreu type. Summarily speaking, 
REMES uses microeconomic assumptions (zero-profit, market clearing and income balance 
conditions) to model large-scale, macroeconomic situations. In REMES's case, the original 
modelling covered the country of Norway, divided in several regions, though the model has been 
applied to other countries (Viccaro et al., 2017). 

REMES was originally developed for the RegPol project (NRC number 21651), and used in 
applications on green energy certificates, oil price effects, and currency shocks; all of them 
considering these situations in the different regions of Norway, from 6 to 21 depending on the 
case. 

 

Figure 4: REMES schematic showing money flows, focu s on a single country 

REMES uses a Social Accounting Matrix (SAM) to establish a basis, or calibration, equilibrium 
estate, and a set of substitution elasticities to establish how the different actors in an economic 
system react to changes/shocks to the situation represented in the SAM. If, say, the availability of 
capital in a region increases, the model calculates a new equilibrium, if it exists, in which there is 
more, generally cheaper, capital. Industries which can flexibly use this extra capital to increase 
their activity levels will produce a larger output, which in turn will be consumed by other industries 
or consumer in the original region or others. This brings about a cascading effect which results in 
generally all actors in the economy altering their activity and all prices involved deviating from the 
calibration equilibrium.  

While REMES's original version covered Norway, a European version was developed for the 
SET-Nav project. REMES Europe covers the 27 EU countries (including the United Kingdom, but 
excluding Croatia), plus Norway and Switzerland. It also considers 26 aggregated industries, 31 
aggregated products, and 6 currencies, along with all other variables and economic actors 
covered by REMES Norway. 
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REMES has both a static version, and a dynamic version, in which investment, capital 
accumulation, interest rates and workforce growth are calculated based on the results of each run 
of the model. Alternatively, one can use exogenous parameters on the static version in order to 
control these behaviours in independent runs of the model. REMES Europe runs ten times, one 
for 2007, 2010, and every five years thereafter, until 2050. Each run represents one year of 
economic money flows and, if an equilibrium exists, the new state of the European economy that 
year. The second major change is the introduction of currencies. Six currencies, the Euro, Pound 
Sterling, Danish, Swedish and Norwegian Crown, and the Swiss Franc, are used in inter-regional 
trading between their respective countries, and are themselves subject to market/currency 
fluctuations once a shock is applied. Third, the data from the PRIMES database was introduced 
as a base scenario, specifically, to guide the trends over the years of GDP growth, and oil, natural 
gas and coal prices 

 

4 Case studies macro-economic impact 
assessment 

4.1 Methodology 

For the socio-economic assessment of the case studies, the energy-system models used in the 
case study are linked with macro-economic models. This linkage can be qualified as “soft-linkage” 
even if some formalised routines bring them close to a “hard-link” (Holz et al., 2016). 
Furthermore, at this step, the linkage is uni-directional, from energy-system models to macro-
economic models. The feedbacks of macro-economic models are then ignored for the case study 
impact assessment, the impact of macro-economic deviation in energy-system models being in 
general of second-order compared with opposite. Furthermore, the “soft-linkage” done at this step 
will be used later for the socio-economic evaluation of the “pathways” developed in the SET-Nav 
project (medium to long-term decarbonisation scenarios of the European Union). 

Figure 5 schematises the general linkage done for the socio-economic impact assessment of the 
cases studies. Starting from the outputs of the energy-system models, we selected a set of inputs 
relevant for the macro-economic models, especially the main (more or less aggregated) 
monetarised variables, such as investments or energy expenditures. Thereafter, these input 
variables are transformed in order to implement them in each macro-economic model. These 
transformations could differ between models according to the detail level and the possibility of 
each model. For example, when energy-system model provides information on the investment in 
a specific technology, the implementation of such information in macro-economic models requires 
to (if the technology is not already identified in the model) allocate this investment expenditures to 
sectors. Indeed, the allocation matrices for investments already existing in the models are 
probably not enough precise to allocate this specific investment in the appropriate sector(s). So, 
in this case, it is useful and also more accurate to use alternative conversion matrices between 
technology investments and economic sector(s) producing it. In the following step, when all input 
have been transformed appropriately to be implemented in macro-economic models, each model 
runs and delivers a set of outputs, such as GDP, employment, etc. These outputs are then 
analysis for each model but also in a comparative study between models.  

Finally, as usually, the impact assessment with macro-economic models is realised in comparison 
with a reference scenario and only the deviation of each variable is integrated. And to remain 
consist between all models, the reference scenario has been harmonised and is based on the 
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“EU reference scenario 2016 – Energy, Transport and GHG emissions trends to 2050” (EC, 
2016a). 

 

Figure 5: General scheme of the linkage between ene rgy-system models and macro-economic 
models 

We now present the main outputs of macro-economic models for two case studies, without going 
in the detail of their implementation5.  

 

4.2 “Scenarios of the global fossil fuel markets” 

In this case study, we realise an analytical shock on each model that allow drawing their 
respective properties. Starting from the fossil fuels prices used in the “EU reference scenario 
2016 – Energy, Transport and GHG emissions trends to 2050” (EC, 2016a) and implemented in 
each macro-model in the “reference scenario”, we assume that oil, gas and coal prices grow up to 
2035, such as their price doubles on 2035 in comparison with the one of the “reference scenario”. 
The deviation between the alternative scenario, called “FF doubling”, when fossil fuel prices 
double, and the reference scenario starts in 2015, with a constant growth rate up to 2035. After 
2035, fossil fuel prices remain two times higher than in the reference scenario.  

Thus, in 2035, the oil price reaches, in the “FF doubling” scenario, 249 $/boe (constant US dollar 
2013) instead of 117 $/boe in the “Reference scenario”. And in 2050, it leads to an oil price at 
260 $/boe in the alternative scenario, against 130 $/boe in the reference scenario. Similarly, in 
2035, the European gas price reaches 145 $/boe (constant US dollar 2013) and 156 $/boe in 
2050. And the European price for coal reaches 52 $/boe (constant US dollar 2013) and 58 $/boe 
in 2035 and 2050 respectively. Figure 6 shows the fossil fuel prices in both scenarios (reference 
and alternative).  

These profiles of fossil fuel prices (in comparison with the reference scenario) allow the 
assessment with the macro-economic models of the impacts of growing prices at short, medium 
and even long –term, as after 2035, the price gaps between the two scenarios is identical.  

 

                                                   
5 The deliverable D.8.2 « Macro-economic consequences of sustainable energy sector innovation » details the 
implementation and the results. 
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4.2.1 NEMESIS 

 

The Figure 7 summarises the aggregated impact of the doubling of the fossil fuels prices (in 
comparison with the reference scenario), scenario called “FF doubling”, on the European GDP 
through the deviation of its components: private consumption, gross fixed capital formation, 
exportations and importations.  

Before 2030, the EU GDP deviation in the “FF doubling” scenario is weak, as oil, gas and coal 
prices deviations from the reference scenario really start between 2025 and 2030. After 2030, the 
reinforcement of the fossil fuel prices reduces the EU GDP in comparison with the reference 
scenario. In 2035 when the fossil fuels prices have doubled, the EU GDP deviation is about -
1.3%. The full impacts on the European economy are reached ten year after the end of the 
shock, in 2045, with a decline of the EU GDP of 2.3%.  

Figure 7: Contribution to EU GDP deviation in the “ FF doubling” scenario (% point of EU GDP, 
w.r.t the reference scenario) – NEMESIS model 

 

Source: NEMESIS model 

The private consumption is the main driver of the EU GDP decline. In 2045 of the 2.3% of EU 
GDP loss, 2.3 points of percentage (pp) come from the decline of the private consumption. The 
raise of the fossil fuel prices implies an increase of the firms’ production cost that is transmitted to 
prices of goods and services. And combining the direct increase of energy costs for households 
(gasoline, etc.) with this increase of all prices, it leads: 

• in the short term to a decline of households’ real disposable income through higher 
consumption prices, 

• And in the medium and long term to a decline of households’ real disposable income 
through a decline of the economic activity and so of the employment, as in the long term 
nominal wages are indexed on households’ consumption prices. In 2045, the total EU 
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employment is reduced by more than 3.2 million in comparison with the reference 
scenario. 

Furthermore, the decline of the EU activity also plays negatively on the gross fixed capital 
formation that accounts for 0.5 pp on the 2.3% of EU GDP loss in 2045. 

On the one side, the slowdown of the EU economic activity, affecting the internal demand, also 
reduces the importations from the rest of the World. This decline of the European importations 
from the rest of the World is also reinforced by the reduction of the fossil fuels demand that is 
mainly imported in EU. Thus, the contribution of the European importations of the EU GDP 
deviation is positive and significant with +1.3 pp of EU GDP in 2045. And on the opposite side, 
the raise of the prices reduce the European exportations, -0.8 pp of EU GDP in 2045, in 
comparison with the reference scenario. And so, the contribution of the trade balance to EU GDP 
deviation in the alternative scenario is positive and corresponds to the negative contribution of the 
gross fixed capital formation, i.e. +0.5 pp of EU GDP in 2045. 

 

4.2.2 ASTRA 

The impact of doubling the fossil fuel price modelled with ASTRA-EC is summarized with respect 
to the reference scenario in Figure 8. The strongest impact can be seen in the period after 2030 
where GDP starts to strongly deviate. In 2050 GDP is 3.3% lower in the “FF doubling” scenario 
compared to the reference scenario. The reduction of GDP is mainly caused by a lower 
consumption (however in ASTRA GDP has to be considered as a potential output, and is not 
calculated as the sum of its component). As prices are higher disposable income is lower as well 
as the economic activity declines which also leads to lower employment. Although investments 
are larger as input factors are more expensive which leads to a substitution of capital for energy 
and a larger investment in energy efficient technologies, it cannot counteract the massive 
deviation in consumption. Hence, the overall effect of a higher fossil fuel price leads to a 3% 
smaller GDP compared to the reference scenario. 

Figure 8: Contribution to EU GDP deviation in the " FF doubling" scenario (point of GDP, w.r.t. 
reference scenario) - ASTRA-EC model 

 

Source: ASTRA-EC model 
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4.2.3 REMES 

Using the Europe version of REMES and starting with the base case described above, we model 
the Fossil Fuel market's assumption by controlling the relative increase of three fossil fuels: Oil, 
Natural Gas, and Coal.  

In REMES Norway, without any case-specific assumptions, prices for these products are 
generally free and, like all other prices, subject to fluctuations in the exchange rate between 
Norway and the world. In REMES Europe, and moreover, for the SET-Nav case studies, 
international oil, natural gas and coal prices dictate the relative price increase equally for all 
countries. The price trends affect import/export rates explicitly, so that an increase in the prices 
makes it more expensive to buy fossil fuels, and conversely, more profitable to sell them to the 
rest of the world. This is expected to have diversified consequences for counties with large and 
little oil and gas production capabilities, such as Norway and Malta, for example. Besides the 
GDP changes, specific sectors within each land will observe different changes to their activity 
levels. 

Figure 9 Contribution to EU GDP deviation in the "F F doubling" scenario (point of GDP, w.r.t. 
reference scenario) - REMES model 

 

Source: REMES model 

While the trends overlap in the absolute results, the figure with relative values shows a small 
increase, then a decrease of about 0.4 % in GDP for this case. There is a small increase in 
overall GDP, led by increased import, export, and consumption, but this changes after year 2025, 
in which growth falls and continues to create a negative GDP development. It seems to stabilize 
somewhat around 2040, due to increased stocks, but the period is too far away in time to be of 
much reliance. REMES would require of a technology update for the later years to provide better 
insight, as it is expected in the project´s Pathways analysis. While indicators for individual 
counties vary, it is clear that the increased fossil fuel prices lead most macro variables down 
considerable. 
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4.3 “Energy demand and supply in buildings and the role for RES 
market integration” 

This case study aims to analyse the link between energy efficiency improvements in buildings, 
heating system choice, demand side flexibility options and RES deployment (see Hartner et al., 
2018a, 2018b for a detailed presentation of the case study). The case study analysis is done 
thanks to two alternative scenarios calculated with the building stock model INVERT/EE-Lab6:  

• A current policy scenario assuming that all existing policy measures related to the 
European building stock are implemented in their current form and continue to be valid 
until the year 2050.  

• An ambitious scenario where the policy scenario measures already implemented in the 
current-policy scenario were intensified to reach stronger energy demand reductions and 
increasing shares of renewables in the building stock. 

To implement this case study into the macro-economic models: two categories of inputs were 
taken from the INVERT-EE model and introduced in the macro-economic models (NEMESIS, 
ASTRA and REMES):  

• The investment in Heating, Ventilation and Air-Conditioning (HVAC, afterwards) 
technologies and the investment in buildings renovation; 

• The energy expenditures by fuel (electricity, fuel oil, gas, coal, biomass, and District 
Heating) and by use (space heating, hot water, cooling and auxiliary energy demand). 

These inputs therefore modify the investments and the energy expenditures of three categories of 
actors: (i) the “public non-residential”, (ii) the “residential” and (iii) the “other commercial and 
market services”.  

 

4.3.1 NEMESIS 

The socio-economic impact assessment of this study case with the NEMESIS model and 
implemented as described in the previous section, gives, at EU level, moderated impact. The EU 
GDP deviation is positive all along the period, from 2015 to 2050, with a maximum reached in 
2020 of +0.11% in comparison with the reference scenario (see Figure 10). After 2025, the EU 
GDP gains is slightly lower, ranging between +0.09% and +0.06% in the “Ambitious” scenario. On 
average, from 2015 to 2050, the EU GDP gains is +0.07% in “Ambitious” in comparison with the 
reference scenario. If the investments in building renovation penalises the private consumption all 
along the period, in 2050 the contribution of private consumption to EU GDP deviation is nil as 
the gain of households’ energy expenditures, allows by the investments in buildings renovation, 
compensates their costs. The positive deviation of EU GDP comes therefore from gross fixed 
capital formation. Indeed on the 0.07% of EU GDP gain on average between 2015 and 2050, the 
gross fixed capital formation explains +0.11 pp through the increase of the investments in 
buildings’ renovation by households but also by firms. 

The maximum EU employment gains are reached in 2020, with +185,000. From 2015 to 2050, 
the average EU employment deviation in the “Ambitious” scenario is of +70,000. 

                                                   
6 See Kranzl et al. (2013) for more information. 
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Figure 10: Contribution du EU GDP deviation in the “Ambitious” scenario (in point of GDP, 
w.r.t. reference scenario) – NEMESIS model 

 

Source: NEMESIS model 

 

4.3.2 ASTRA 

The economic impact of the study case modelled with ASTRA-EC results in a 0.6% higher GDP 
compared to the reference scenario for the EU 28 in year 2050. During the period from 2015 to 
2050 the effect on GDP is positive and peaks in 2050 due to induced and second round effects in 
the ambitious scenario (see Figure 11).  

Figure 11: Contribution of EU 28 GDP deviation in t he "Ambitious" building scenario (as % 
change to GDP, w.r.t. reference scenario) - ASTRA-E C model 

 

Source: ASTRA-EC model 
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At the start of the investments, private consumption is smaller in the “Ambitious” scenario than in 
the reference scenario because the burden is partially born by consumers. Gross fixed capital 
formation is during the entire modelled period higher in the ambitious scenario due to the 
investments spend on buildings. The higher investment causes not only a larger GDP, but as well 
increases private consumption due to second round effects. Employment is also positively 
affected with an average increase of additional 187 thousand employees. In ASTRA-EC the 
impact peaks in 2045 with more than 390 thousand additional jobs in the EU 28. 

 

4.3.3 REMES 

Households, the Public sector, and industries have a change in their consumption of fuels for 
heating and cooling. In general, changes in energy use lead to larger efficiency, that is, a 
decrement in costs for the actors. While positive, this has the potential to upset the economy, as 
smaller input costs lead to smaller outputs due to the zero-profit conditions for all producers 
(households and government indirectly included) in the model. This problem, along with the 
financing issue, is covered by increasing the capital needs of the producers with reduced total 
energy costs.  

Capital use is demanded to compensate for the lack of energy expenditures, signalling an 
investment in previous year in the exact technologies used to achieve said efficiency. The capital 
market is then impacted and all capital users need to readjust their use. 

Two scenarios are considered, as explained above; aggregated GDP results for Europe are 
shown in Figure 12 below. 

Figure 12 Contribution to EU GDP deviation in the " Buildings sector" study case (point of GDP, 
w.r.t. reference scenario) - REMES model 

 

GDP results for this case show a small relative decrease in the case of the proposed ambitious 
policy, in contrast to the other two models. It should be noted, however, this effect is only visible 
in the latest periods (2035 and on), in which REMES is weaker given the lack of information of 
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future technological changes not found in the input files. Also, as with the previous case study, 
GDP is often an input to the model, not an output, and thus the greatest insight to be gained from 
REMES is found in the interactions of the industrial sectors with the fuel commodities and 
sectors, and not necessarily in the GDP estimation.  

We observe that is household consumption which drives this, while gross fixed capital formation 
is the main driver of the positive part of the change. This is in contrast with the results from 
NEMESIS, where the relatively small household consumption change and high gross fixed capital 
formation allows for a positive effect overall when adopting the ambitious policy. 

 

5 Concluding remarks 
In this Issue paper we have presented two case studies realised with the three macro-economic 
models ASTRA, NEMESIS and REMES. When assuming a doubling of fossil fuel prices in 2040 
in comparison with a reference scenario, all the models expect a decline of the EU GDP in the 
long-run but at different extent. The expected EU GDP fall in ASTRA reaches -3% in 2050 and -
2.3% in NEMESIS, it is only -0.4% in REMES. Furthermore, both models calculating employment 
show a significant impact on the European total employment with, for NEMESIS, -3.5 million in 
2050 and up to -6.5 million jobs, with ASTRA. 

The second study case analyses the socio-economic impact of an ambitious scenario in the 
“Building” sector in terms of reduction of fossil energy consumption and energy saving and 
modelled in detail with the energy-system model: INVERT-EE. The three macro-economic 
models provide more moderated impacts than for the previous case study. In NEMESIS and 
REMES, the effect of the scenario appears to be very weak, with, from 2015 to 2050, a 
cumulative EU GDP deviation with respect to the reference scenario of +0.07% in NEMESIS and 
almost nil in REMES. In ASTRA, the effect is slightly stronger with, on average, +0.13% of EU 
GDP between 2015 and 2050. Consequently, the impacts on the European total employment are 
also moderated with +65 thousand jobs on average between 2015 and 2050 in NEMESIS and 
+187 thousand in ASTRA. 

Besides quantitative results of each model, this study has at least three others important 
outcomes. Firstly, it has allowed the implementation of a first linkage between energy-system 
models (INVERT-EE, here) and the macro-models, linkage that will be essential for the socio-
economic impact assessment of the four SET-Nav pathways. Secondly, the second case study 
on the ambitious building policy scenario gives an overview of the potential impact of “Building” 
sector in the future SET-Nav pathways. And finally, it has allowed assessing the capabilities of 
each macro-economic model and it has provided insights on main differences between the three 
tools. 
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