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1 Introduction

In the context of current international policy discussions on climate change mitigation (Paris
agreement) and following the reinforcement of EU ambition up to “zero net emission” in 2050
(EC, 2018), the ex-ante socio-economic impact assessment of energy-system mutation towards
low carbon economies takes further interests. To do, there exists a set of different tools focusing
on the macro-economic, the sectoral or micro-economic impacts. Here, we focus on some
specific case studies that allow the appraisal of the usefulness and capabilities of some macro-
economic models used for the SET-Nav project and aiming at quantifying the socio-economic
impact of the different SET-Nav pathways towards a low carbon European economy.

This deliverable will present two case studies implemented in the three macroeconomic models
(ASTRA, NEMESIS and REMES), the first one consist in a increase of fossil fuels prices, and the
second one is the implementation in the models of the results of the INVERT-EE study case on
building policies. While the case studies in WPs 5-7 are sector-focused, the macro-economic
models allow the assessment of the impact of the scenarios investigated there on a higher level —
e.g., impact on the whole economy of a country, including private households or the government.
Contrary to other sectoral models, macro-economic model will allow to take into account the
different interactions that exist in our economies, inter-sectoral, inter-economic agents and
international interactions. This will allow to give a more global picture of the effects of the different
pathways that will be implemented later in the SET-NAV project.

In the first part of this report we will briefly present each model focusing on their coverage
(sectoral geographical, etc...) and their theoretical background. Then in a second part, we detail
for each model the expected socio-economic impact of the first case study: a doubling of fossil
fuel prices in 2040. Thereafter, a similar analysis is done for the second case study: a scenario on
EU building decarbonisation. In each part, we present the results of each model separately and in
the last section a short comparison of the model results.

2 The macro-economic models

In this document, three different macro-economic models for the European economies have been
applied. This section describes their general characteristics and functioning, starting with the
NEMESIS model, continuing with the ASTRA model and finishing with the REMES model.

2.1 The NEMESIS model

The NEMESIS model is based on detailed sectorial models for each EU member state. The
construction and the description of macro-economic pathways established by the NEMESIS
model could be viewed as a "hybrid" approach, i.e. "bottom-up” forces resulting from sectorial
dynamics and interactions and "top-down" ones coming from macro-economic strength (labour
force, international context, financial aspects, etc.). The sectorial interactions come mainly only
from an 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. This helps to adjust the model for
breakthrough scenarios (consumer tastes, savings rate, etc.).

There exist several versions of the NEMESIS model, the one used for the SET-Nav project
mainly focuses on the “economic core” of the model and does not include the endogenous growth
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module (see Le Mouel et al., 2016). It also excludes the energy/environment module (Capros et
al., 2014 or Baoitier et al., 2016) in order to avoid inconsistencies with the energy systems models
used in SET-Nav.

2.1.1 Scope and dataset

NEMESIS is a detailed macro-sectoral simulation model for the EU economy. It includes all EU-
28 countries that can be simulated together or individually. The rest of the world (RoW) is not
explicitly modelled but the model allows a simplified modelling of the external trade of the EU with
the other world regions that are grouped as follows: Australia, Brazil, Canada, Switzerland, China,
India, Indonesia, Japan, South Korea, Mexico, Norway, Russia, Turkey, Taiwan, USA and other.

Table 1: NEMESIS model sectoral nomenclature

Number  Sector Number  Sector
Manufacture of foods, beverages

01 Agriculture, forestry and fishing 16 and tobacco products
Mining and quarrying (except oil Manufactures of textiles, wearing
02 17
and gas) apparel and related products
03 Extraction of crude petroleum and 18 Manufacture of paper and printing
natural gas products
04 Manufacture of gas and distribution 19 Manufacture of rubber and plastic
of gaseous fuels products
05 Manufacture of coke and refined 20 Other manufactures
petroleum products
06 Electricity 21 Construction
07 Water supply 22 Wholesale and retail trade
08 Manufacture of basic metals 23 Acgqmmodatlon and food service
activities

09 M_anufacture of other non-metallic o4 Land transport
mineral products

Chemical and pharmaceutical

10 25 Water and air transport
products

11 Manufacture of fabricated metal 26 Other transport services
products

12 Mar.lufacture of machinery and 57 Communication
equipment

13 Manufacture of computer, o8 Bank, finance, insurance and real
electronic and optical products estate

14 Mapufacture of electrical 29 Other market services
equipment

15 Manufacture of transport 30 Non-market services
equipment

In green: agriculture; in red: utilities, in blue: manufacturing industries; in brown: construction; in purple:
transport, and in orange: services

There are 30 production sectors: one sector for agriculture, six utility sectors, 13 manufacturing-
industry sectors, one construction sector, three transport-services industry sectors, and six
sectors for groups of market services and non-market services (Table 1). The correspondence of
the NEMESIS nomenclature with the NACE Rev. 2 is detailed in Table 4 in the appendix and an
aggregation in 14 sectors used for this study is detailed in Table 5 in the appendix.
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On the consumption side, the households split their expenditures between 27 different
consumption purposes’ that are more adapted to analyse household behaviour than products.
They are listed in Table 2.

Table 2: NEMESIS consumption functions

Number = Consumption function Number Consumption function

01 Food Domestic services

02 Beverages 16 Medical care and education
03 Tobacco 17 Cars, etc.

04 Clothing and footwear 18 Gasoline, etc.

05 Gross rent 19 Rail transport

06 Electricity 20 Road transport

07 Gas 21 Air transport

08 Liquid fuels 22 Other transport

09 Other fuels 23 Communication

10 Furniture, etc. 24 Equipment and accessories
11 Households’ textile 25 Recreation

12 Major appliance 26 Hotel and restaurant

13 Hardware 27 Miscellaneous goods and services
14 Households’ operations

In blue: non-durable goods and services and in red: durable goods and services or directly related to
durable goods or services consumption.

NEMESIS with its level of detail requires a large consolidated database for its functioning. Data
are compiled from numerous sources and are post-processed for ensuring a complete accounting
coherency. The main economic variables such as production, value added or employment are
coming from Eurostat National Accounts and Labour force survey (Eurostat, 2017a, 2017b).
Trade data are based on WIOD (Timmer et al.,, 2015), and fiscal data are derived from DG
TAXUD datasets (DG TAXUD, 2017a, 2017b).

2.1.2 The main exogenous variables

The usefulness of a model relies on its ability to describe the impacts of the variations of
exogenous variables (inputs of the model) on endogenous variables (outputs of the model), in a
theoretically and empirically consistent way. The exogenous variables are of two types: those
resulting from the incapacity of the model to represent every phenomenon and reflecting the
limitations of the model, and those that are by nature exogenous. The first type of exogenous
variables groups notably a set of assumptions related to interest rates, exchange rates, activity
proxies for the rest of the world, prices of wholesale commodities and especially oil; demographic
assumptions by country such as total population, population and participation rates to labour
force by gender, by skill and by age per 5-year cohorts. The second type of exogenous variables
is mainly composed of government-related decisions: assumptions on national policies and
notably fiscal policies (indirect and direct taxes, social security benefits and contributions),
government expenditures (defence, health, education, infrastructures, other expenditures).

For the SET-Nav project, the exogenous variables have been defined on the basis of the 2015
Ageing Report (EC, 2016), particularly regarding population projections and the national long-

! The consumption purposes are based on the Classification of Individual Consumption by Purpose (COICOP).
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term Gross Domestic Product (GDP) growth rates. Furthermore, the 2015 Ageing Report is also
the reference for the economic and demographic part of the “EU reference scenario 2016 —
Energy, Transport and GHG emissions trends to 2050” (EC, 2016), used as reference scenario in
the SET-Nav project.

2.1.3 The main endogenous variables

On the output side, NEMESIS can deliver results at EU and country levels for key economic
indicators calculated by the model. There are three main layers of economic indicators:

Macro-economic, such as GDP (European, national) and its counterparts (final
consumption, gross fixed capital formation, exports, imports, etc.), employment for two
skill levels of workers, unemployment rates, etc.,

sectoral, such as production, value added and employment per economic sector or sector
clusters, and

those related to agent accounts with five categories: Government, Non-Financial
Corporations, Financial Corporations, Households including NPIH, and others.

The inclusion in the model of detailed data on population and working force allows, finally,
NEMESIS to deliver many social indicators, such as employment, unemployment and labour
force. All these indicators result from the mechanisms incorporated in NEMESIS.

2.1.4 NEMESIS general functioning

On the supply side, NEMESIS distinguishes 30 production sectors. Production in the sectors is
represented by CES (Constant Elasticity of Substitution) 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 by a collection of conversion
matrices describing the exchanges of intermediary goods and capital goods and the description
of substitutions between consumption goods by a very detailed consumption module.

On the demand side, the representative households’ aggregate consumption is dependent on
current income, population structure, etc. Consistent with the other behavioural equations, the
disaggregated 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, total household consumption is indirectly affected by 27 different
consumption sub-functions through their impact on relative prices and total income.

External trade 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.

NEMESIS can be used for many purposes as short- and medium-term economic and industrial
projections; analysing Business As Usual (BAU) scenarios and long-term structural economy
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
challenges (projections of sectorial employment, short- and medium-term economic path, long-
term economic path, etc.).
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Figure 1: Simplified scheme of main economic mechan isms of the NEMESIS model

Exportations Market prices

Source: SEURECO

2.2 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. Though ASTRA stands for
Assessment of Transport Strategies, over the past 20 years of development the model has been
applied also for analyses of energy policies, climate policies and innovation policies. It has been
applied both in research contexts and in consulting activities. Like all 1AMs, 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 the ASTRA modules in Figure 2). In doing so, it enables the
analysis of direct, indirect and induced effects of transport policies on all systems covered.

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 the 25 economic sectors of the Eurostat Input-
Output tables and, as opposed to many Computable General Equilibrium (CGE) models, does not
use a single base year for its calibration, but rather the time span from 1995 to 2014.

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. 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.
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These feedback effects between GDP, income, consumption, investments and again GDP are a
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 of the six modules of the ASTRA model

ASTRA features Population change

System Dynamics Labour force Population Population structure
model (Feedback
Loops)

Import-export

Calibration Period
1995 to 2014/15

GDP, unemployment

. . GDP,
Scenario Period _ productivity Car
2016 to 2030/50 Vehicle

ownership
purchase

. . Goods
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t Transport cost
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The economic module provides the national economic framework, which imbeds the other
modules. The economic logic cannot be assigned explicitly into one economic category of
models. Instead, it incorporates neo-classical elements like production functions. Keynesian
elements are considered like the dependency of investments on consumption, which are
extended by some further influences on investments, like exports or government debt. Further
elements of endogenous growth theory are incorporated like the implementation of endogenous
technical progress (e.g. depending on sectoral investment) and driving the Total Factor
Productivity (TFP) as one important driver for overall economic development.

Five major elements constitute the functionality of the economics module plus the inputs provided
by the bottom-up transport models. The first one is the sectoral interchange model that reflects
the economic interactions between 25 economic sectors of the national economies. Demand-
supply interactions are considered by the second and third elements. The second element, the
demand-side model, depicts the four major components of final demand: consumption,
investments, exports-imports and government consumption. The supply-side model reflects
influences of three production factors: capital stock, labour and natural resources as well as the
influence of technological progress that is modelled as total factor productivity. Endogenised total
factor productivity depends on investments, freight transport times and labour productivity
changes. The fourth element of the economic module is the employment model that builds on
value-added as output from input-output table calculations and on sectoral labour productivity.
Employment is differentiated into full-time equivalent employment and total employment, to be
able to reflect the growing importance of part-time employment. Unemployment is estimated by
considering both the total population and the activity rate. The fifth element of model describes
government behaviour. Government revenues and expenditures are differentiated into categories
that can be modelled endogenously by ASTRA, and one category covering other revenues or
other expenditures. Categories that are endogenised comprise value-added tax (VAT) and fuel
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tax revenues, direct taxes, import taxes, social contributions and revenues from transport charges
on the revenue side, as well as unemployment payments, transfers to retired persons and
children, transport investments, interest payments for government debt and government
consumption on the expenditure side.

Figure 3: Overview of the economic interactions in the macro-economic module (ASTRA-EC)

Source: M-Five

The trade module is divided into two parts: trade between the EU28+2 European countries
(INTRA-EU model) and trade between the EU28+2 European countries and the rest of the world
that is divided into nine regions (EU-RoW model with Oceania, China, East Asia, India, Japan,
Latin America, North America, Turkey, Rest of the World). Both models are differentiated into
bilateral relationships by country pair by sector.

2.3 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, macro-economic situations. In REMES' case, the original
modelling covered the country of Norway, divided in several regions, though the model has also
been applied to other countries (Viccaro et al., 2017).
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Figure 4: REMES schematic showing money flows, focu s on a single country

Source: SINTEF

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 that 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
consumers in the original region or others. This brings about a cascading effect that results in
generally all actors in the economy altering their activity and all prices involved deviating from the
calibration equilibrium. The exact amount of change each variable in REMES sees after a shock
is determined by a number of factors, so that a change in capital availability can have a minor
impact compared to, say, introducing a tax on CO, emissions for all production processes.

Table 3: REMES production sectors
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While REMES' 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 24 aggregated industries (see
Table 3), 32 aggregated products, and six currencies (EUR, GBP, SEK, DKK, CHF, NOK). The
dataset used for the basis equilibrium/calibration year is the EXIOBASE 2 dataset (Tukker et al.,
2009, Wood et al., 2014), which itself uses the NACE rev. 1.1 nomenclature and the associated
revised ISIC nomenclature to classify its 163 industrial sectors, and the CPA 1.1 nomenclature for
the 200 product categories. Table 3 below shows the REMES codes, description and reporting
category, while Table 6 in the appendix gives the full sector aggregation.

To model each part of the European economic system, REMES uses market clearing
conditions , which link each product, service and production factor with a price, and make sure
that production of each matches their use; zero-profit conditions , which regulate sector activity
and make sure that all profits from an activity are positive and paid to capital owners; and income
balance constraints , which secure that all consumers' budgets match their purchases of welfare
goods. All these constraints represent, taken together, all money flows and account, generally
speaking, for all money being moved in Europe over an entire year.

REMES Europe runs ten times, once for 2007, for 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 in REMES Europe is
the introduction of currencies. Six currencies, the Euro, Pound Sterling, Danish, Swedish and
Norwegian Crowns, 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. It is important to note that, while some variables in REMES are absolute (e.g., the
consumers' budgets), most relevant variables are relative. Therefore, many parameters,
particularly the (production) prices provided by PRIMES, are controlled relatively to their price in
the calibration year, and not in absolute money amounts.
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3 Case study on “Scenarios of the global fossil
fuel markets”

3.1 Overview of the case study

In this case study, we introduce an analytical shock on each model that allows 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, 2016) and implemented in
each macro-economic model, called “reference scenario”, we assume that oil, gas and coal
prices grow up to 2035, such that their prices double in 2035 in comparison with the reference
scenario. The deviation between this alternative scenario 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 alternative scenario 249 $/boe (constant US dollar
2013) instead of 117 $/boe in the reference scenario. In 2050, this 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. 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. Due to the assumption
of constant growth rate of the fossil fuels prices between 2015 and 2035 in the alternative
scenario, the oil price in the alternative scenario is 78 $/boe, i.e. 10 $ lower than in the reference
scenario.

These price profiles (in comparison with the reference scenario) allow the assessment by the
macro-economic models of the impacts of growing prices at short, medium and long term, as
after 2035, the price gaps between the two scenarios are constant.
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3.2 Socio-economic impact assessment with the individual models

This section provides the main results and their respective analysis for the case study “Fossil fuel
prices” by each of the three macro-economic models starting with the NEMESIS model,
continuing with the ASTRA model and finishing with the REMES model.

3.2.1 Socio-economic impact assessment with the NEMESIS model

The NEMESIS model is a detailed macro-economic model for the EU-28 and, hence, does not
model explicitly the rest of the world. Also, as fossil fuels markets are global, an increase of fossil
fuel prices will affect all economies in the world. So, to consider the potential impacts on the RowW
(Rest-Of-the-World), we assume some modifications of the main exogenous variables that allow
the model to consider what will happen in the RoW. Here, two main variables could be affected:
the demand from the RoW and the prices of goods and services produced in the RoW. On the
one end, the expected impact of a price increase for fossil fuels on demand addressed to EU by
the RoW is difficult to assess. Indeed, if we can assume a reduction of the demand coming from
countries importing fossil fuels, it is the opposite for country producing fossil fuels. The net effect
on the demand from RoW seems unclear. Then, we assume not impact of the doubling of fossil
fuels prices on the demand addressed by the RoW to the EU economies, positive effect
counterbalancing negative ones. On the other end, the expected impact of higher fossil fuels
prices on the prices of goods and services produced in the RoW is an increase. But the extent of
this increase is difficult to assess ex-ante. Then, to consider the expected increase of goods and
services prices in the RoW following the doubling of the fossil fuels prices, we assume that the
prices in the RoW follow the deviation of the European production prices. As there is a strong
uncertainty about the extent of the price deviation in the RoW, we assume three scenarios:

A first scenario where there is no impact of the doubling of fossil fuels prices on the
prices of goods and services produced in the RoW, called “FF doubling (without
indexation of RoW prices) 7,

A second scenario, with an indexation of 50% on the deviation of the prices within
the EU, called “FF doubling (with 50 % indexation of RoW prices) ”

And a last scenario, with full indexation of the prices of goods and ser vices
produced in the RoW on the deviation of the prices within the EU , called “FF

doubling (with 100 % indexation of RoW prices) "~

Higher impacts of the doubling of the prices of fossil fuels on the prices in the RoW could also be
expected, but have not been assessed here.

Figure 6 shows the impact on the EU GDP of the doubling of fossil fuels prices in comparison
with the reference scenario and for the three “FF doubling” scenarios. Before 2030, the EU GDP
deviations in the “FF doubling” scenarios are 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 all “FF doubling”
scenarios. In 2035, when the fossil fuels prices have doubled, the EU GDP deviation is 2 % in the
“FF doubling (without indexation of ROW prices)”, 1.8 % in the “FF doubling (with 50 % indexation
of ROW prices)” and 1.3 % in “FF doubling (with 100 % indexation of ROW prices)”. The full
impacts on the European economy are reached ten years after the end of the shock, in 2045,
with a decline of the EU GDP of 2.7 %, 2.7 % and 2.3 %, respectively.
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Figure 6: EU GDP deviation in the fossil fuels pric  es alternative scenarios (%, w.r.t. reference
scenario) — NEMESIS model

Source: NEMESIS model

To understand the economic mechanisms involved in the assessment of the EU GDP deviation
with the NEMESIS model, it is interesting to look at the contributions of the private consumption,
the gross fixed capital formation and the trade balance (exports minus imports) to these EU GDP
deviations (see Figure 7).

In all “FF doubling” scenarios, the private consumption and the gross fixed capital formation
contribute negatively to the EU GDP deviation. Indeed, the combination of the direct increase of
energy costs for households (gasoline etc.) with the increase of overall prices through the
increase of production costs leads to a decline of households' real disposable income, (i) due to
higher consumption prices in the short-term and (ii) in the medium and long term, due to a decline
of the economic activity and, hence, of the employment (as in the long term nominal wages are
indexed on households’ consumption prices). Thus, the private consumption in the FF doubling
scenarios is lower than in the reference scenario. Consequently, the decline of the EU activity
also affects gross fixed capital formation negatively. For example, in 2045 in the “FF doubling
(without indexation of RoW prices)”, of the 2.7 % EU GDP loss in comparison with the reference
scenario, 1.6 percentage points come from private consumption and 0.5 percentage points from
gross fixed capital formation.
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Furthermore, in scenarios with indexation of the prices of goods and services from the RoW on
the EU prices deviation, the contribution of the private consumption to the EU GDP loss is
stronger than in the “FF doubling (without indexation of RoW prices)” scenario. The indexation of
the import prices from the RoW reinforces the inflation within the EU due to the fossil fuels prices
increase. With a higher inflation, the effect on households’ real disposable income, as described
above, is also stronger and then the households’ consumption declines more in the scenarios
with indexation than without indexation. In the “FF doubling (with 100 % indexation of RoW
prices)”, the fall of the private consumption, 2.3 percent of EU GDP, explains fully the EU GDP
loss in 2045 (the effects on trade balance and gross fixed capital formation cancel each other
out).

Now, looking at the contribution of the external trade, Figure 7 shows that in all “FF doubling”
scenarios, the contribution of import to the EU GDP deviation is positive due to the decline of the
internal demand and the reduction of the fossil fuels demand whereas export contributes
negatively even in the scenarios with indexation. Nevertheless, the net impact of the trade
balance differs between the “FF doubling” scenarios. On the one side, in the “FF doubling
(without indexation of RoW prices)” scenario, the negative impact on the competitiveness
exceeds the reduction of import, leading to a negative contribution of the trade balance to the EU
GDP deviation (in comparison with the reference scenario). In 2045, the trade balance
contributes to a reduction of 0.6 percentage points of the EU GDP. On the other side, the
contribution of the trade balance to the EU GDP deviation is 0.5 percentage points in 2045 in the
“FF doubling (with 100 % indexation of RoW prices)” scenario. The difference between both
scenarios is mainly due to the increase of the competitiveness of the EU economy when RowW
prices are indexed on price variations within EU. In fact, the negative contribution of exportat to
the EU GDP deviation changes from -1.5 percentage points in the “FF doubling (without
indexation of RoW prices)” scenario to -0.8 percentage points in the “FF doubling (with 100 %
indexation of RoW prices)” scenario, whereas the contribution of imports changes from 1.2
percentage points to 1.3 percentage points.

In terms of employment, the “FF doubling” scenarios are obviously negative (see Figure 8). In the
“FF doubling (without indexation of RoW prices)" scenario, the EU total employment loss reaches
almost 4 million in 2045, i.e. a decline of 1.6 % in comparison with the reference scenario. Among
the 4 million jobs lost in this scenario, 2.2 million concern high-qualified workers and 1.8 million
low-qualified workers. In comparison with the share of each skill level in the reference scenario,
the “FF doubling” scenarios affect both levels in the same proportion. In the “FF doubling (with
100 % indexation of RoW prices)” scenario, the EU employment is also weaker than in the
reference scenario, with a maximum loss of 3.4 million jobs in 2050.
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Figure 8: EU employment change by skill level of wo  rkers in the "FF doubling” scenarios
(thousand w.r.t. the reference scenario) - NEMESIS  model

a) FF doubling without indexation of R oW prices

b) FF doubling with 100 % indexation of R oW prices
Source: NEMESIS model
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3.2.2 Socio-economic impact assessment with the ASTRA model

The higher oil price is modelled in ASTRA through three main channels. Firstly, the higher fossil
fuels prices lead to an increase in the price level, which is equivalent to an increase in inflation.
While all prices in ASTRA are in real terms, we used the reference energy prices and the share of
energy prices in the consumer price index as a proxy for mimicking the nominal changes arising
from an increase in the consumer price index. With higher inflation consumers can consume less
of their incomes and hence, disposable income is lower. So due to higher inflation consumption is
lower with all second-round effects arising from a lower consumption path.

Secondly, higher fossil fuels prices cause consumers and investors trying to reduce their fossil
fuel consumption. By substituting energy intensive goods for energy efficient goods the inputs of
goods as well as consumption is changed. This is modelled through changes in the input-output
tables in ASTRA by reducing inputs of fossil fuels towards energy efficient inputs to reduce costs.
Depending on market conditions, higher expenditures for energy as intermediate inputs firms face
lower profits. Higher input prices for firms translate either in lower profits, if the prices for final
goods cannot be raised, or in higher prices with the respective demand responses. We assume
generally monopolistic competition as a standard market setting for firms. This means that both
processes are at work, since in a ‘pure’ monopolistic market higher input prices would most likely
also result in higher output prices. As we embody the notion of value added from the Input-Output
tables, markets are not purely competitive, as profits for most sectors are positive.

Thirdly, the price especially of oil intensive products rise as fossil fuel is higher. The higher price
of ail intensive goods leads to a shift to less expensive goods that use less fossil fuels and are
hence, relatively cheaper in the fossil fuel scenario than in the reference scenario. This is effect is
modelled via changes in sectoral consumption from fossil fuel intensive goods and services to
energy efficient products. The shapes of the excessive demand curves are uniformly elastic for
each income group in the respective country, meaning that some share of the consumption good
demand is relatively inelastic. This is especially true for lower-income segments in the case of olil
intensive products and result in less substitution than in higher-income segments.

The results of this modelling procedure are explained in the following paragraph and summarized
in Erreur ! Source du renvoi introuvable. . The oil price development is assumed in the fossil
fuel scenario to decrease in the early 2020s. This leads to higher consumption, more investments
and the EU 28 grows stronger in comparison to the reference scenario in the early 2020s. We
assume here a relative abundance of capital available for investment, such that the neoclassic
shift between consumption and investment is not yet relevant for this period. However, the effect
is rather limited, since the capital-building effect of a changed growth trajectory with higher
investments cannot unfold in such a short time period. Hence, most of the effects in this period
arise from a change in the consumption pattern.

After the early 2020s the oil price rises considerably. With a higher oil price goods are becoming
more expensive as the input fossil fuel increases. This causes lower real disposable income
compared to the reference. Although more energy efficient products are consumed, leading to a
shift in the sectoral consumption pattern, this transition dynamic cannot compensate for the lower
disposable income. However, as firms try to substitute fossil fuel intensive inputs for energy
efficient products investments increase and are higher in the fossil fuel doubling scenario. This
effect is basically explained by the general pattern of trying to substitute intermediate inputs with
capital goods, as to improved machineries, working more efficiently. The effect depends on the
capital intensity of the respective industry, which is usually given by the sectoral production
functions in the Input-Output tables.
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Due to the substantial decrease in consumption resulting from higher inflation and lower
disposable income, overall economic activity is much smaller and although investments try to
counteract the economic losses, GDP and as well as employment are lower than in the reference
scenario (see Erreur! Source du renvoi introuvable. ). As fossil fuel prices are higher, input
factors are more expensive and therefore firms invest more in energy efficient innovation and
substitute capital for energy. Overall the GDP deviates by up to -3.3%°. The main factor that
causes the lower GDP is the lower consumption, which is not surprising, as private consumption
bears the main share of all components of GDP. Consumption is also lower as unemployment
increases that causes lower disposable income and thereby lower demand. This leads to a
downward circle in consumption and employment in the EU 28.

Figure 9: 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
NB: In ASTRA, GDP is calculated as potential output, and not as the sum of its component

As the economic activity is lower in the EU 28 due to higher inflation and significantly lower
consumption, employment is lower than in the reference scenario (see Erreur! Source du
renvoi introuvable. ). In year 2050 more than 4 million jobs are lost in the “FF doubling” scenario
compared to the reference scenario, especially in fuel intensive industries. A further effect arises
from the change of the production functions. With altered intermediate inputs and a shift to a
higher capital share with improved machinery, labour demand is reduced, contributing to the rise
in unemployment.

2 However in ASTRA, GDP is calculated as potential output and not as the sum of its component
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Figure 10: Employment deviation in the "FF doubling " scenario (in 1000 persons, w.r.t.
reference scenario) - ASTRA-EC model

Source: ASTRA-EC model

An important aspect of modelling oil price changes is the assumption on expectations of
consumers and investors. If the oil price rises unexpectedly at least in the short run, disposable
will be significantly lower as consumers and investors do not have the time and knowledge to
react to the changes. Hence, the shift to energy efficient products and investments cannot be
implemented directly and inflation hits both firms and consumers strongly. However, if consumers
and firms are aware of an increasing oil price, they will adapt their behaviour to the higher prices
by starting to consume more energy efficient products or build factories closer to consumers to
reduce transport and trade expenditures. Although this effect is tried to be captured in changes in
the input-output tables, the real effects are likely to be stronger due to technological
improvements. Hence, the modelled effect might be overestimated and economic activity, GDP
and employment might be less strongly influenced by the doubling of fossil fuel prices. On the
other hand, the model reactions illustrate the importance of binding climate protection policies or
a clear policy statement regarding the taxation of fossil fuels. Of course, taxation can have further
beneficial effects due to the rise in government income, but these do not unfold solely on higher
energy prices.

3.2.3 Socio-economic impact assessment with the REMES model

In REMES, all what is traded is characterised by its price. Imports and exports, regardless of the
actual product they represent, are all characterised by a single price, which is linked to the
currency of the country. Since there is a single price, we can talk about a unified currency product
sold and bought by each region with a different currency. Since REMES models Europe as an
open economy, all countries buy and sell in their respective currency product among each other
as well as with the rest of the world. As is standard practice with Computable General Equilibrium
models, REMES assumes that every currency product is in equilibrium: The United Kingdom sells
commodities worth of Pound Sterling equal to the amount of Pound Sterling all other countries,
including the rest of the world, purchase. This is a basic market clearing reality. Every country
using the Euro (or any other currency) will, likewise, sell Euro (or the corresponding currency)
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amounts equal, in the basis equilibrium, to the amount non-Euro countries in Europe and the rest
of the world buy.

This practice, while commonplace and useful to perform analyses inside the open economy, has
shortcomings when dealing with international price developments. Any change in the price of an
internationally-traded product will be difficult to model properly in the bundled currency product
traded by REMES. Normally, we would manipulate price variables explicitly to achieve the shocks
required, but the usage of a single currency product per region calls for different methods to
implement the shock relevant to this case study.

We therefore manipulate the calibration volumes (those found in the input, the basis equilibrium
REMES uses as starting point) of internationally traded products instead of controlling their
prices. Let us say Germany imports X amount of Euro worth of oil commaodities. Then an increase
in the international prices of Y% will lead to Germany having to import a different amount of oil
commodities simply to maintain the same activity levels in those industrial sectors which require
the oil commodities. Conversely, because Germany is also allowed to sell oil commodities to
other countries, the converse is applied to the exported amounts. In this way, the import and
export volumes of oil commodities will change reflecting the international price trends, without
having to manipulate international trade prices directly in REMES. This approach is applied to all
three fossil-fuel commodities involved in this study, with the exact changes to import and export
values for oil, gas and coal varying depending on the country's own reference import and export
volumes in 2007.

We run REMES for 10 periods, from the calibration year 2007 to 2050. The model delivers the
results detailed below, and summarized in Figure 11. First, the total GDP trend is presented,
showing it constituent elements: Total exports and imports are directly measured by REMES
according to each country's volumes and the value of their currency. Private and government
consumption is measured as the total cost of households and government expenditures in each
country, i.e., the cost of the welfare bundle each must purchase with the entirety of their budget.
Changes in inventories are calculated endogenously in each sector and country, as an
endogenous variable linked to the investment capabilities of the region. Finally, gross fixed capital
formation is calculated as the residual to complete the GDP for the region.

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 export and private
consumption, but this changes after the 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 a
technology update for the later years to provide better insight, as it is expected in the project's
pathways analysis.

The developments for each country, however, are slightly different. For the sake of space, we
present here only six individual countries. Germany, France, the United Kingdom, and Spain are
explicitly displayed for the size of their economies within the European Union. Norway is included
because of its large oil-based industry, geographical location, and usage of a currency other than
the Euro. Sweden is included as a point of comparison to Norway, being also a Nordic country
without the Euro, but with a limited fossil fuel industry.
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Figure 11: Contribution to EU GDP deviation in the "FF doubling” scenario (point of GDP, w.r.t.
reference scenario) - REMES model

Source: REMES model

As expected, countries with access to oil, gas and coal will experience different impacts than
those without said commodities. As an example, The United Kingdom and Norway, both with
reserves in the Northern and Norwegian seas, see similar patterns in their behavior, as do
Germany, France and Spain (Figure 12). The United Kingdom and Norway tolerate more a
doubling of fossil fuel prices than their counterparts, with larger exports in the case of both
countries, and larger consumption by Norway, helping their GDP figures remain stable. On the
contrary, Germany, Spain and France, all large economies, experience a slight period of
adjustment before diminishing exports lead to smaller GDPs. In the case of Germany and France,
the fall in GDP is also due to private consumption, while in Spain there is lower private
consumption, but this is offset with a slower capital formation. Sweden (another country with its
own currency) on the other hand, experiences a more moderate impact than Germany, Spain and
France, but the GDP trends are more in line with these three countries than with Norway and the
United Kingdom, with diminished exports being the main drive behind the loss of GDP.

Apart from the United Kingdom and Norway, Estonia, Malta and Lithuania also see minor
disruptions to their GDP between the scenarios. Belgium, Romania, Slovakia and Italy, however,
experience the hardest setbacks, with around -1 % falls, while Finland and Greece have also
losses, but they are of around -0.5 %.

Page 22



Report Title

Figure 12: Contribution to six selected countries' GDP deviation in the "FF doubling” scenario
(point of GDP, w.r.t. reference scenario) - REMES m  odel

Source: REMES model

Value-added changes between the scenarios by sector are presented in Figure 13. We see that
for, e.g., Norway and the United Kingdom, countries with only minor effects on GDP of the
doubling the oil price, the value-added across the industry sectors is reduced. This is the same
for all countries presented, and generally as well in most other European countries. In Norway,
the shock has a positive effect on the fossil-oil production sector, while for the other countries, the
shock mainly affects the service sector positively. In all selected countries the value-added in the
transport sector is reduced, with Norway and Sweden, with geographically spread populations,
being the worst hit. This is likely because oil is an important input factor in transport production
and higher prices of this input product affect value-added in this sector negatively.

France and Germany, neither of them with considerable fossil fuel reserves, see a marked
decrease in their fossil industry when raw-product prices for these are higher, and a consequent
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fall in fossil-based power generation. In the United Kingdom, however, it is power generation
which falls more, but the fossil fuel industry itself only experiences a moderate decrease. General
industry, as is the case also in Norway and Germany, takes a hit from the price increase, too.

Figure 13: Contribution to GDP by sector deviation in the "FF doubling" scenario (point of
GDP, w.r.t. reference scenario) - REMES model, sele cted countries

Source: REMES model

Contrary to Norway, the service industry in the other five countries presented increases, albeit
marginally. In France, Germany, and the United Kingdom, this sector is less dependent on
transport, and can grow more easily and, indeed, try to make up for the loss of value-added
caused by other fossil-fuel dependent sectors in their national economies. Being less dependent
on physical transport, REMES sees the service industry in these developed countries as a good
counterweight to higher costs in fuels; we would expect, however, a difference if newer, less oil-
dependent modes of transport were introduced. Said changes will be investigated in the
pathways analysis part of the project.

Apart from Norway, all five other countries herein presented see a positive growth of their service
sectors, while their fossil-related industries’ development leads to the low value-added figures
overall. This is not necessarily true for all the rest of the EU, but in general the service industry
either grows or doesn't diminish as much in the "FF- doubling" scenario. For the countries with
the biggest losses (Belgium, Romania, Slovakia, and lItaly), the slowdown is due to different
causes. Understandably, the fossil fuel industry is the culprit for a lot of the losses, but this is
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more marked in Belgium. Romania, on the other hand, has a setback in the industrial category.
Italy and Slovakia, however, have a more diversified collection of categories causing the GDP
loss, with Industry, Fossil fuels and Power generation by fossil fuels drops all roughly equally
large.

The results above show that, in general, a doubling of fossil fuel prices has damaging
consequences to most countries, the exception being those which export considerable amounts.
The industrial sectors across all Europe fall, while the service sector takes over small amount of
the slack. Even oil-exporting countries Norway and the United Kingdom see a general slowdown
of most of their production sectors.

3.3 Comparative analysis of macro-economic model assessments

The macroeconomic impacts at EU level of the “FF doubling” scenario are summarised on Figure
14. This figure shows the cumulative EU GDP deviation for some different periods of time and for
each model but also the contribution of the GDP components to this EU GDP deviation (expect
for ASTRA for which this analysis is not relevant).

Figure 14: Cumulative EU GDP deviation (%, w.r.t. r eference scenario) and contribution to this
cumulative EU GDP deviation (% point of GDP, w.r.t. reference scenario) in all models for the
case study on “fossil fuel prices”.

*: Detailed data not available for the ASTRA-EC model
NB: results from NEMESIS are for scenario “FF doubling (with 100 % indexation of RoW prices)”
Source: NEMESIS, ASTRA-EC and REMES models.

The three macroeconomic models show quite different results regarding the effect of a doubling
of fossil fuel prices (from 130 to 260 $/boe in 2050, in constant dollar 2013). The REMES seems
to react less when compared to the other models with a EU GDP deviation of around -0.4% in
2050, while it reaches -2.3% for NEMESIS and -3% in ASTRA. The main reason for these
differences is the stronger reaction of private consumption in the other models. In NEMESIS for
instance, the contribution to GDP of private consumption is of -2.3 percentage points of EU GDP,
while it is only of -0.3 in REMES. In ASTRA, despite the fact that GDP is not calculated as the
sum of its component (and should be interpreted as a potential output), final consumption is also
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the most important driver for the decline of GDP. As a consequence of the lower EU GDP in the
“FF doubling” scenario, the expected impact on the EU employment is also negative. And as the
effect on the economic activity is stronger in ASTRA than in NEMESIS, the EU employment
deviation in ASTRA is also stronger than in NEMESIS, with a loss of around 6.5 million jobs,
when it is only of 3.5 million in NEMESIS (Figure 15). The comparison is not possible with
REMES as it does not calculate employment.

Furthermore, the sensitivity analysis performed by the NEMESIS model on the response of the
rest of the World to these fossil fuels prices shocks shows that in models covering only EU, a
shock on international commaodity prices such as fossil fuels prices, must be implemented with
caution in these models and that different assumptions on the rest of the World response to these
shocks could significantly modify the results.

Figure 15: Yearly average EU total employment devia tion (thousand, w.r.t. reference scenario)
in all models for the case study “Fossil fuels pric es”

NB: results from NEMESIS are for scenario “FF doubling (with 100 % indexation of RoW prices)” and
results not available for the REMES model.

Source: NEMESIS and ASTRA-EC models.

Comparing the sectoral results in REMES and NEMESIS (Figure 16), we see that not surprisingly
the utilities sector (that included energy) is the most impacted sector with a decline of around
3.5% of its value added in both models in 2050. However the impact of the other sectors of the
economy is smoother in REMES than in NEMESIS. In NEMESIS all the economy is strongly
impacted by the increase of fossil fuel prices due to the strong decrease of final consumption,
while it is less the case in REMES, in which the services sector is even slightly positive.
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Figure 16: Sectoral value-added deviation (%, w.r.t . reference scenario) in all models for the
case study "Fossil fuel prices"

NB: results from NEMESIS are for scenario “FF doubling (with 100% indexation of ROW prices)” and
results not available for the ASTRA-EC model.

Source: NEMESIS and REMES models

Finally, comparing these results with other existing study existing comforts the results obtained in
this case study even if the comparability is difficult. Musa (2000) shows with the MULTIMOD
model from International Monetary Fund that, at short term (5 years), a permanent $5 per barrel
increase of oil price (i.e. around $6.75 in constant dollar 2013) could reduce the World GDP and
Euro Area GDP by -0.1%. Extrapolating this result to our case study would provide a decline of
the Euro area GDP of about 2%. Similarly, Ciscar et al. (2011) assess the economic impact of
two scenarios with the GEM-E3 model, a general equilibrium model. In the first, the oil price
increases by 10$ per barrel and the second by 30$ per barrel. They found a decline of the EU
GDP of about -0.94% in the first case and -2.56% in the second, with EU GDP reduction driven
primarily by the fall of the private consumption as in this study (expect for REMES). If you try to
extrapolate this result for our case study, it would mean around a larger deviation of the EU GDP
than the ones calculated here. But as shown the results, Ciscar et al. (2011) estimates that the
impact of the oil price on the EU GDP is not linear, but it declines with the extent of the shock.
Finally, more recently Boitier et al. (2016) also assess the impact of an oil price shock on the
French economy with the help of four different models (including the NEMESIS model). They
implement a doubling of fossil fuel prices and show a French GDP deviation around -2.3% in the
long-term.
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4 Case study on the buildings sectors: “Energy
demand and supply in buildings and the role for
RES market integration”

4.1 Overview of the case study

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

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.

We do not detail and comment the results on the energy demand of the case study in this
document. Just to illustrate the results detailed in Hartner et al. (2018a), we provide the final
energy consumption in both scenarios (Figure 17).

Figure 17: Total final energy demand by energy carr  ier for current and ambitious scenarios for
EU28 in TWh (in the case study n°5.2 — Hartner et al., 2018a)

Source: Hartner et al. (2018a)

% See Kranzl et al. (2013) for more information.
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4.2 Implementation in the macro-economic models

4.2.1 General methodology

For the implementation of the case study in 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). These inputs are:

the investment in Heating, Ventilation and Air-Conditioning (HVAC) 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 (or sectors):

1. the “public non-residential” sector corresponding in macro-economic models to buildings
used for non-market services such as public administration, defence, education or human
health and social work.;

2. the “residential” sector corresponding to households’ dwellings;

3. the “other commercial and market services” sector (excluding transports) corresponding
to offices for services sectors such as wholesale and retail trade, accommodation and
food service activities, information and communication, finance, insurance or real estate
activities.

For households, the deviations in energy expenditures for heating and cooling (with respect to the
reference scenario) are introduced in the models by constraining the energy consumption
functions of the models to replicate these deviations. If energy consumptions are reduced in the
case study compared with the reference scenario, by assumption the households will increase
(ex-ante) by an equivalent amount their consumption of other goods and services and
conversely, if energy expenditures decrease in the case study, compared to their level in the
reference scenario. Thereby, ex-ante, the aggregated private consumption is not affected by the
changes in households’ energy expenditures. For HVAC investments of households, we proceed
as for energy expenditures, inasmuch as in the national accounting system, these kinds of
investments are considered as consumption (durable goods, such as cars).

For the investments in buildings renovation, it is assumed either that they are fully paid by
households in the current year or that households use loans to finance part of them. By
assumption, in the first case, the real disposable income of households is, ex-ante, reduced by an
equivalent amount of the investment in buildings renovation. In the second case, this reduction
will be more gradual and conditioned by the repayment flux.

For the other two sectors, “public non-residential” and “other commercial and market services”,
that are productive sectors, the assumptions are as follows:

Energy consumptions are constrained in order to replicate the evolution given by the
INVERT-EE model. If, in the case study, energy expenditures diminish, this will reduce
the unit production cost of the sector and, consequently, the production and market
prices.

Investments in HVAC and buildings renovation modify by an equivalent amount the
investment demand of the sector that changes its unit production cost. It will,
consequently, increase its production and market prices if the investment rises.
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4.2.2 Main aggregated figures

Now, we present briefly the inputs from INVERT-EE used to implement the case study in the
macro-economic models. Figure 18 displays the development of the deviation of the investments
in HVAC technologies and buildings renovation with respect to the reference scenario (in GDP
percentage points) for the EU-28. This investment deviation is positive all along the period and
represents on average 0.13 percentage points of the EU GDP. From 2015 to 2020, the deviation
increases and reaches almost 0.2 percentage points and remains relatively stable between 2025
and 2035, at 0.17 percentage points. Thereafter, the deviation of the investments declines
between 2035 and 2040, reaching a slightly less than 0.1 percentage points , and stabilises
during the last decade.

The deviation of energy expenditures in heating and cooling declines progressively up to 2040
and remains relatively constant after 2040, at -0.15 percentage points of EU GDP.

Figure 18: EU deviation of investments in HVAC tech  nologies and buildings renovation and EU
deviation of energy expenditures on heating and coo ling (in % of GDP, w.r.t. reference
scenario).

Source: Authors’ calculation based on Hartner et al. (2018a)

Besides the aggregated figure for EU-28, Figure 19 and Figure 20 show the cumulative deviation
of the investment in HVAC technologies and buildings renovation in each member state, between
2015 and 2050, and the cumulative deviation of the energy expenditures on heating and cooling.
Although the figures show significant disparities between member states, the investment
deviations are positive in all member states (except for Romania) whereas the energy
expenditure deviations are always negative (except for Denmark). The strongest deviations of the
investment in HVYAC technologies and buildings renovation reach 0.3 percentage points of GDP
in Estonia, 0.4 percentage points in Slovenia and more than 0.5 percentage points in Poland. The
highest gains in energy efficiency are observed for Lithuania, with 0.33 percentage points of GDP
and also in Slovenia and Poland, with 0.41 and 0.72 percentage points of GDP, respectively.
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Figure 19: Cumulative deviation of investments in H  AVC technologies and buildings renovation
by member state between 2015 and 2050 (in % of GDP, w.r.t. reference scenario)

Source: Authors’ calculation based on Hartner et al. (2018a)

Figure 20: Cumulative deviation of energy expenditu res in heating and cooling by member
state between 2015 and 2050 (in % of GDP, w.r.t. re ference scenario)

Source: Authors’ calculation based on Hartner et al. (2018a)

Page 31



Report Title

4.3 Individual model socio-economic impact assessment of the case
study “Buildings sector"

4.3.1 Socio-economic impact assessment with the NEMESIS model

The socio-economic impact assessment of the study case with the NEMESIS model and
implemented as described in the previous section is presented here for the main economic
indicators such as GDP and employment. Figure 21 shows the EU GDP deviation (with respect to
the reference scenario) in the “Ambitious” scenarios: one scenario where households no not use
loans to support investments in buildings renovation, called “Ambitious”, and a second scenario in
which half of the investments are financed with loans of ten years duration, called “Ambitious with
loans”.

Figure 21: EU GDP deviation in the " Ambitious " scenarios (% w.r.t. reference scenario) -
NEMESIS model

Source: NEMESIS model

Figure 21 shows a positive impact on the EU GDP in both scenarios even if the impacts are
weak. The EU GDP deviation is positive all along the period, from 2015 to 2050, with a maximum
reached in 2020 in both scenarios, with +0.11% in “Ambitious” and +0.14% in “Ambitious with
loans”. After 2025, the EU GDP gains are slightly lower, ranging between +0.09% and +0.06% in
the “Ambitious” scenario and between +0.08% and +0.04% in the “Ambitious with loans”
scenario. On average, from 2015 to 2050, the EU GDP gain is +0.07% in comparison with the
reference scenario in “Ambitious” and +0.06% in “Ambitious with loans”.
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Figure 22: Contribution to the EU GDP deviation in the " Ambitious " scenarios (% point of GDP
w.r.t. reference scenario) - NEMESIS model

a) Ambitious

b) Ambitious - with loans

Source: NEMESIS model
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At the beginning of the period, the EU GDP gains are weaker in the scenario without credit up-
take from households, because the financing of the additional investment for buildings renovation
affects the households’ disposable income more than in the scenario where half of this
investment is financed through credit. But from 2025, the “Ambitious” scenario shows a slightly
more positive impact on EU GDP than the “Ambitious with loans” scenario. Despite half of the
current investments being financed by credit, the flux of reimbursement from past periods
counterbalances the positive effect of current loans on households’ disposable income. This
effect is visible in Figure 22-a and Figure 22-b that show the contribution of private consumption,
trade balance, and gross fixed capital formation to the EU GDP deviation in both “Ambitious”
scenarios (in comparison with the reference scenario). Indeed, the contribution of the private
consumption is less negative in the “Ambitious with loans” scenario than in the “Ambitious”
scenario from 2015 to 2025 and more negative thereafter.

Figure 22 shows also the drivers of the EU GDP gains in both scenarios. If the investments in
buildings renovation penalise private consumption all along the period and in both scenarios, in
2050, the contribution of private consumption to EU GDP deviation is nil as the gain of
households’ energy expenditures, allowed by the investments in buildings renovation,
compensates the cost of these investments.

Figure 23: EU total employment deviation inthe "  Ambitious " scenarios (% w.r.t. reference
scenario) - NEMESIS model

Source: NEMESIS model

The positive deviation of EU GDP comes, therefore, from gross fixed capital formation. Indeed, of
the 0.07 % EU GDP gain on average between 2015 and 2050 in the “Ambitious” scenario, the
gross fixed capital formation explains +0.11 percentage points through the increase of
investments in building renovation by households but also by firms. In this period in the
“Ambitious” scenario, the private consumption reduces the EU GDP by 0.04 percentage points
and the average contribution of the trade balance to the EU GDP deviation is nil. In fact, the trade
balance contributes negatively at the beginning through cost increases and, at a lesser extent,
the raise of the internal demand, but its contribution turns to be positive from 2035 on thanks to
the competitiveness gains resulting from the decrease of energy expenditures.
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Maximum EU employment gains are reached in 2020, with +185,000 and +243,000 in the
“Ambitious” and “Ambitious with loans” scenarios, respectively. Thereafter, EU employment gains
decline progressively and become even slightly negative in 2040, with up to -36,000 jobs in the
“Ambitious with loans” scenario. After 2040, EU employment deviation reaches +55,000 in
“Ambitious” and +44,000 in “Ambitious with loans”. From 2015 to 2050, the average EU
employment deviation in the “Ambitious” scenario is +70,000 and +65,000 in the “Ambitious with
loans” scenario.

Figure 24: Annual average employment deviationint  he " Ambitious " scenarios (thousand w.r.t.
reference scenario, 2015 - 2050) - NEMESIS model

Source: NEMESIS model

The impact on the total employment at EU level hides some changes at sectoral and national
levels. In fact, as shown by Figure 24, the effects of the “Ambitious” scenario, implemented as
described above, on the EU sectoral employment are relatively heterogeneous. At EU level, the
main part of the EU employment gains comes from the “Construction” sector: of the 70,000
additional jobs created on average between 2015 and 2050 in “Ambitious”, 124,000 are created
in the “Construction” sector. Theses employment gains are due to the investments in HVAC or
buildings renovation to which the “Construction” sector is the main activities. Other activities
benefit also from the general increase of European economic activity, such as the “Distribution” or
“Other market services” sectors, with an average employment gain of 52,000 and 36,000,
respectively, in “Ambitious”. But, there are also sectors that destroy employment in the study case
in comparison with the reference scenario. Obviously, it is the case in the “Utilities” sector, with on
average -38,000 jobs. This fall is the result of lower demand for fossil fuels by households and
firms, because of energy efficiency gains and energy carrier switches in the “Ambitious”
scenarios. But it also the case in the “Agriculture” sector with the strongest employment loss, -
150,000 on average between 2015 and 2030 at EU level. This significant employment loss is due
to the fall of biomass demand in some EU countries in which the employment in “Agriculture”
remains relatively important. The case of Poland is very illustrative for such mechanisms. In 2050,
in the “Ambitious” scenario, the biomass demand for energy use is reduced by around 40 % in
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comparison with the reference scenario. Consequently, the demand for the Polish agricultural
sector is reduced leading to an employment reduction. Thus, on average almost half of the EU
employment loss in the “Agriculture” sector comes from Poland, with -72,000 jobs.

4.3.2 Socio-economic impact assessment with the ASTRA model

The following paragraphs show the results of ASTRA-EC on the socio-economic impact
assessment of the case study “Energy demand and supply in buildings and the role for RES
market integration”. The data is from INVERT-EE is converted with the help of data from Employ-
RES Il in a Matlab module. Each technology is split into cost components that are assigned to
respective economic sectors in ASTRA. This transformation becomes necessary as not each
technology can easily be assigned to one single economic sector, and since the Input-Output
tables operate on the one product-one sector-assumption and since each sector has quite
different multipliers, it is more accurate to try to picture the ‘true’ economic reactions by this
sectoral split.

Changes in HVAC are modelled in the consumption module while investments in buildings are
modelled in the investment module. Reason for this is that building investments are investments,
regardless of whether these are undertaken by firms, private owners, private landlords or public
institutions. The consumption changes are a proxy for some of the entities, since the ownership
issues in the housing market can be quite complicated and prone to particularities in each
member state. We strive for a generalisation of our modelling approach, and so we found that
putting the HVAC changes all in the consumption vector is the most consistent one.

Figure 25: GDP deviation of EU 28 in the "Ambitious " scenarios and "Ambitious" scenario with
loans and assets (% w.r.t. reference scenario) - AS TRA-EC model

Source: ASTRA-EC model

Erreur ! Source du renvoi introuvable.  summarizes the results of the ambitious scenario and
an ambitious scenario where investments are financed via loans and assets. Financing via assets
mean that the owner takes the investment from their savings and loans are from private banks.
This means that there is no reduction in the investments in other sectors, as opposed to the other
scenario.
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In the ambitious scenario with loans and assets, the additional consumption is financed via
savings and credits by consumers and additional investments are financed through additional
loans. In the ambitious scenario some of the projects are financed via a sectoral shift of
consumption and investment towards energy efficient buildings. In both cases the impact on GDP
of the EU 28 of the “Ambitious with loans and assets” scenario is overall positive compared to the
reference scenario.

In the ambitious scenario, the impact is smaller with the highest GDP deviation of 0.28% to the
reference scenario in 2045. This result seems to be somewhat counterintuitive at first, but the
sectoral shift implies also different multipliers and hence a shift happens from sectors with lower
multipliers to sectors with higher multipliers. In addition to the investment multipliers we have
induced investments due to changes in the consumption pattern. Hence, for providing insulation
material which is not already on the market capacity at the firm level is in some instances not
sufficient and has to be built up. Overall, these changes, although nearly neutral with respect to
financial assets for the consumer, bears positive effects on the economy.

Figure 26: Contribution to the EU 28 GDP deviation in the "Ambitious with loans and assets"
scenarios (point of GDP w.r.t. reference scenario) - ASTRA-EC model

Source: ASTRA-EC model
NB: In ASTRA, GDP is calculated as potential output, and not as the sum of its component

The impact in the “ambitious with loans and assets” scenario is overall positive and the GDP
deviation with respect to the reference scenario is up to 0.61% in 2050. The difference arises as
in the scenario with loans and assets, the overall investment level is higher as on top of the
planned investments the consumption and investments of the building case are made. Otherwise,
the same logic applies as in the other scenario. It is therefore natural that this scenario leads to
higher overall net results with respect to economic growth.

Erreur ! Source du renvoi introuvable.  and Erreur ! Source du renvoi introuvable.  show the
contributions of private consumption, gross fixed capital and changes in the trade balance on the
GDP deviation of the EU 28. In both versions of the “ambitious” scenario the major factors
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influencing the GDP deviation to the reference scenario are investment and consumption. As
investments in HYAC are modelled via consumption, the investments lead to increases in both
consumption and gross fixed capital formation. Due to a higher GDP level, indirect and induced
effect lead to further increases in consumption and gross fixed capital formation.

Figure 27: Contribution to the EU 28 GDP deviation in the "Ambitious" scenarios (point of GDP
w.r.t. reference scenario) - ASTRA-EC model

Source: ASTRA-EC model
NB: In ASTRA, GDP is calculated as potential output, and not as the sum of its component

Figure 28: Employment deviation of EU 28 in the "Am  bitious" scenarios and "Ambitious"
scenario with loans and assets (in 1000 persons w.r  .t. reference scenario) - ASTRA-EC model
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Source: ASTRA-EC model

Employment is also for the entire period in the ambitious scenario higher than in the reference
scenario. Similarly to the GDP deviation, employment deviation peaks in 2045 with an additional
employment of 255 thousand additional jobs in the “ambitious with loans and assets” scenario
and 395 thousand additional jobs in the “ambitious” scenario (see Erreur! Source du renvoi
introuvable. ). Especially in the construction sector additional jobs are created due to the higher
investments placed.

4.3.3 Socio-economic impact assessment with the REMES model

REMES suggests a minor fall in GDP after applying the "Ambitious building policy" scenario
compared to the reference scenario, evidenced in Figure 29. In Europe in general this is caused
by a decrease in private consumption, and moderate drop in exports. The change begins to be
seen, albeit in a minor way, around 2015, but only becomes significant towards 2025, leading up
to a 0.025 % fall in European GDP by 2050. Gross fixed capital formation in the years after 2035
is a major part of the forces offsetting the GDP fall, suggesting that by 2035 the private industry
has adjusted to the retrofitting of old buildings to the new cooling and heating technologies.

Figure 29: Contribution to EU GDP deviation in the "Buildings sector" study case (point of
GDP, w.r.t. reference scenario) - REMES model

Source: REMES models

When we look at the individual countries (Figure 30), however, the reactions are much more
varied, owing to the realities of the different countries reflected in the input data. Germany in
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particular sees a marked growth in GDP due to higher gross fixed capital formation. As it turns
out, this growth mostly manages to offset other losses, but is nevertheless unable to completely
compensate the negative German's government consumption effects in their GDP. This is a
similar development as in Norway with private consumption instead of government being the
drive for negative GDP trends. Nevertheless, both countries see a very small change in their
overall GDP, and almost no effect in exports or imports. In the case of Norway, this is consistent
with the input data, in which no change in building efficiency is provided; Norway's differences
between the two policy scenarios are minimal as the only effects on the country come from the
rest of Europe.

France, on the other hand, sees a small increase in GDP. The country achieves reduced
consumption and reduced imports due to dependency on fossil fuels shifting to (cheaper)
renewable power, leading to a modest gain. A similar case is observed in Spain, which sees a 0.1
% GDP increase in 2050 in the ambitious policy scenario, due to reduced government
consumption in heating and cooling, but increased household consumption. Spain and France,
however, chose to increase different green technologies, and this is reflected in their GDP
constituents. France increases its shares of renewable power, which is mostly used by general
industry, leading to lower prices for the consumers; Spain, on the other hand, has a higher share
of biopower, which is significantly used in the office and health sectors, mainly consumed by the
public sector. Thus, France sees lower private consumption, and Spain, lower public
consumption, as positive effects to each country's GDP.

Sweden shows a minor loss overall, but the picture here is rather different, as the positive trends
behind the GDP development are reduced private consumption and reduced imports of a number
of fuels in the ambitious policy scenario, especially natural gas.

The rest of the EU, as it can be assumed by the aggregated graph, is expected by REMES to
have losses overall with the "Ambitious" policies. There are, however, countries for which this is
not true, as we saw with France and Spain. Apart from these countries, Poland, the Czech
Republic, and Romania present GDP boosts of 0.05 %, 0.25 %, and 0.2 %, respectively. On the
other hand, among the rest of the countries, Italy, Lithuania, Latvia, the Netherlands and Slovakia
show the largest drops in GDP, with Slovakia's being the largest at around -2.2 %.

Figure 30: Contribution to EU GDP deviation in the "Buildings sector" study case, selected
countries (point of GDP, w.r.t. reference scenario) - REMES model
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Source: REMES model

Once again, looking at the value-added per sector (Figure 31), Norway seems to separate itself
from the other five countries we have so far analysed. The country's minor GDP effects are
reflected in the also small but clear offsetting of marginally higher industry and less services. It is
the service industry which, across the remaining five EU countries pictured, seems to grow the
most. France and Spain, which experience positive developments in their GDP, demonstrate this
with improved renewable and biopower capabilities, which benefit, respectively, the industry and
service sectors in France, and the service sector in Spain.

The United Kingdom, Germany and Sweden all show minor losses in GDP, but their "value-
added per sector” graphs differ in the causes behind this. While a slowing industrial sector seems
to be norm (with only France showing a significant industrial growth), the remaining causes of the
negative value-added trends vary across countries.

Given how only France (and arguably Norway, to a much lesser degree) sees industrial growth
under the "Ambitious" policy, but nevertheless increases their renewable power to the decrement
of fossil energy, REMES points to a success story there, while other countries struggle to adapt to
the changed energy mix in most sectors besides the service sector. Ireland, Greece, Malta and
Switzerland, likewise, experience little to no changes in the "Ambitious” policy scenario compared
to the "Current policy" scenario.

In the rest of the EU, the clearest trend is the fall in natural gas categories in most countries but
Ireland and Sweden. Those countries which manage growth in the ambitious scenario owe it to
the increasing service, industry and renewable power categories, with Spain and the Czech
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Republic being the only ones expanding considerably their bioenergy category. On the contrary,
the countries with the largest losses (ltaly, Latvia, Lithuania, the Netherlands, and Slovakia)
experience a slowdown in their industrial category as of their reliance in natural gas. ltaly, in
addition, has a diminished service category, while the rest has large Power by Renewables
drops; REMES likely sees them overtaken by other European competitors.

Figure 31: Value added, relative change by sector d eviation in the "Buildings sector" case
study (point of GDP, w.r.t. reference scenario) - R  EMES model, selected countries

Source: REMES model

As the results above show, REMES considers technology changes in the "Ambitious policy”
scenario, by themselves, enough to increase GDP for all European countries. While individual
countries such as Spain, France and the Czech Republic show more activity in renewable and
bio-power production, used in either their industrial or service sectors according to Invert/EE/Lab.
Additionally, they are using the cheaper sources of heating and cooling fuels to reduce direct
private and governmental consumption levels. More costly private consumption is the reason the
countries with the largest losses perform badly; the renewable and bio power sectors in these
countries do not become competitive enough by themselves, and the natural gas industry
becomes overwhelmingly significant for their energy needs, without additional developments in
the industry itself. Nevertheless, these conclusions require more precise data on energy
production, to a) verify that countries like France and Spain manage to produce enough green
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energy to increase their GDP, and b) to corroborate that the natural gas industry will indeed
significantly affect countries like Italy and the Netherlands enough to stymie their growth.

4.4 Comparative analysis of macro-economic model assessments

In NEMESIS and REMES the effect of the policy appears to be very weak, but slightly positive in
NEMESIS (+0.07%) while slightly negative in REMES (-0.03%). This is the result of a stronger
negative reaction of private consumption in REMES. In ASTRA the relatively strong positive GDP
% (to be considered as a potential output) of +0.24 is pulled up by private consumption.

Furthermore, the sensitivity analysis performed by the ASTRA and NEMESIS models on the
financing of the investments in buildings renovation by credit uptake provides some difference. If
both cases provide relatively similar results in NEMESIS, in ASTRA the impact on EU GDP and
employment is expected to be significantly stronger in the case of credit uptake. This difference
can be explained by a more important crowding-out effect on the overall investment in the ASTRA
model than in NEMESIS when households (and firms) finance the investments in buildings
renovation directly on their disposable income.

Figure 32: Cumulative EU GDP deviation (%, w.r.t. r eference scenario), and contribution to this
cumulative EU GDP deviation (% point of GDP, w.r.t. reference scenario) in all models for the
case study “Buildings sector".

" Detailed data not available for the ASTRA-EC model

NB: results from NEMESIS are for scenario “Ambitious — with loans” and results from ASTRA are for
scenario “Ambitious with loans and assets”.

Source: NEMESIS, ASTRA-EC and REMES models.

As a consequence of the stronger economic activity in ASTRA when compared to NEMESIS, the
effect of employment of this ambitious scenario is stronger in ASTRA with a gain of almost 353
thousands jobs while it is of only 44 thousands in NEMESIS.
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Figure 33: Yearly average EU total employment devia tion (thousand, w.r.t. reference scenario)
in all models for the case study “Buildings sector"

NB: results from NEMESIS are for scenario “Ambitious — with loans”, results from ASTRA are for scenario
“Ambitious with loans and assets” and no available results for the REMES model.

Source: NEMESIS and ASTRA-EC models.

Figure 34: Sectoral value-added deviation (%, w.r.t . reference scenario) in all models for the
case study "Buildings sector".

NB: results from NEMESIS are for scenario “Ambitious — with loans” and results from ASTRA are for
scenario “Ambitious with loans and assets”.

Source: NEMESIS, ASTRA-EC and REMES models.
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The sectoral results of REMES and NEMESIS are highly contrasted, the important decrease of
energy demand have a relatively strong effect on the utilities (-1.4%) and agriculture that include
biomass demand (-1.2%) sectors in NEMESIS, while in REMES, the decreasing energy demand
has a rather weak impact on the utilities sector (-0.2%) but the impact on agriculture sector is
weakly positive. Regarding the other sectors of the economy, the impact is positive in NEMESIS
mainly the construction sector which is an important sector in the policy implementation.
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5 Concluding remarks

The socio-economic impact assessment of the two case studies presented in this document has
pointed out that the comparison of the results of different economic models is always a
complicated task as they are built in different theoretical background, have different functioning
but also different capabilities. Among the three macro-economic models involved in this study:
ASTRA, NEMESIS and REMES, the two former are more closed theoretically and provide also
more similar results, even if substantial differences exist, and the later, a general equilibrium
model, provides more differentiated results. Moreover, some main economic indicators are not
calculated by all the models (REMES does not calculate employment for instance) or not in the
same way (GDP is calculated as a potential output in ASTRA). However, we can draw some
conclusions of both exercises. Globally, we can see that the ASTRA model gives stronger
economic response to both case studies, while REMES give the weakest, NEMESIS being
between them, even if generally closer to ASTRA.

More in detail, 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. Furthermore, the sensitivity analysis, done with the NEMESIS model,
shows that different assumptions on the rest of the World response to a fossil fuel prices shock
could significantly modify the results.

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 thousands jobs on average between 2015 and 2050 in NEMESIS and
+187 thousands in ASTRA. Finally, the sensitivity analysis performed by the ASTRA and
NEMESIS models on the source of financing of the investments in buildings renovation shows
different outcomes. The strong crowding-out effect on the overall investments in ASTRA, when
investments in buildings renovation are financed without credit uptake, implies a lower EU GDP
deviation in ASTRA in this case whereas, in NEMESIS, the difference between both cases are
more limited.

Finally, 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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7 Appendix

Table 4: Correspondence between NEMESIS sectoral no  menclature and NACE Rev. 2
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Table 5: Correspondence between NEMESIS sectoral no  menclature and aggregated sectors
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Table 6: REMES sector aggregation
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