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1 Executive summary

The international negotiations on climate policy have not been successful in the last years.
Scepticism is a common appraisal concerning the 2 degrees warming target for 2100.
Nevertheless policy has still options to be successful. Whether an active climate policy that
reaches this target can be enforced will to a large extend depend on the structure of the
policy mix and the economic effects which are induced. The paper at hand evaluates such
policies and shows their direct and indirect economic and environmental effects till the year
2050. This study applies the global economic environmental model GINFORS to analyse the
economy wide effects of future policy instrument mixes. GINFORS belongs to a class of
models which is appropriately designed for this task. The model has a deep country and
sector structure depicting the international as well as the inter-sectoral interdependences
with flexible price dependent structures. The relations between energy use, resource use and
economic development are reported in deep sector detail, which allows for a realistic
analysis of policy impacts. This ability is further underlined by the empirical evaluation of the
model: GINFORS is an econometric model with parameters estimated over the period 1995 —
2009. This means that the theory behind the model has been evaluated and that only
equations which passed statistical testing are implemented within our modelling framework.

The paper discusses two plausible policy scenarios which may be realized: Alternative
scenario | “Global Cooperation” assumes that a global treaty will be established, which gives
a commitment for the implementation of a policy mix, which is consistent with a climate gas
concentration path described in the RCP3-PD(2.6) by van Vuuren et al., 2007. This scenario
meets with 1.7 degrees in 2100 (Schaeffer & van Vuuren, 2012) the 2 degree warming target.
Alternative scenario Il “Middle of the Road” assumes that the international community fails
to establish a climate treaty, but that there is at least some uncoordinated action: The
European countries retain the strong reduction targets for climate gases (80% against the
emissions of 1990) consistent with the 2 degrees warming target. The Non- European
countries install some climate instruments with a reduced intensity resulting in a climate gas
concentration path which is consistent with the RCP 4.5 development described by Clarke
et al., 2007. We could interpret this constellation till 2050 as a delayed reaction of the Non-
European countries, which may after 2050, follow the EU example. This perspective should
provide a motivation for EU countries to go in front although in 2050 the 2 degrees emission
path might probably not be met. Depending from the development after 2050 global
warming in 2100 might then end up somewhere between 2 and 2.6 degrees.!

These two alternative scenarios will be compared with a third scenario “No active climate
policy globally” which is used as baseline assuming a business as usual behaviour of policy.
For the EU countries the binding targets of a 20 % reduction of CO2 emissions (compared to
the level of 1990), a share of 20 % renewables in final electricity consumption and a rise of
energy efficiency by 20 % will be met in the year 2020.% After 2020 no additional climate
policy activity is assumed for the EU countries. This means that the ETS is reformed and plays
a role that it has had from 2005 to 2009. Further renewables are installed after 2020

! Schaeffer & van Vuuren, 2012, p. 7, calculate 2.6 degrees in 2100 for RCP 4.5.
% See EEA, 2013.
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following the EU reference scenario.® For Non EU countries we assume no climate policy
activities already from the beginning of the simulation in 2010. The tax rates are constant and
the impacts of regulations are captured in the econometrically estimated parameters of the
behavioural equations of the model. Our so defined “No active climate policy globally”
scenario still has improvements of energy efficiency also in the non-EU countries, because
the relative energy prices rise as the result of strongly rising world market prices for fossil
fuels. Insofar the baseline has lower CO2 emissions than RCP 8.5 which is based on the
assumption of given energy efficiencies.® Further GINFORS calculates endogenously the
economic development, which differs from the assumptions made in the RCP 8.5 scenario.
This means that in our baseline the emission path has the implication of a global warming in
2100 between 2.6 (RCP 4.5) and 5.1 (RCP 8.5) degrees (Schaeffer & van Vuuren, 2012, p.7).

Figure 1 reproduces the global CO2 emission pathways of the just mentioned RCP simulation
studies. In the “Middle of the road” scenario (RCP 4.5) emissions will still rise, reach their
maximum in 2040 and will then slightly be reduced. The emissions in 2050 exceed that of
2010 by about 19 %. In the “Global cooperation” scenario (RCP 2.6) the emissions reach their
maximum already in 2020 and fall then strongly till 2050 reaching a level which is about 66 %
lower than the actual.

Figure 1: Global CO2 emissions in kilo tons of selected RCP simulations
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Source: RCP Database (Version 2.0.5), http://www.iiasa.ac.at/web-apps/tnt/RcpDb (Riahi & Nakicenovic, 2007,
Clarke et al., 2007, Smith & Wigley, 2006, Wise et al., 2009, van Vuuren et al., 2007, van Vuuren et al., 2006)

What are the implications for the policy instruments? Economic theory suggests internalizing
the externalities induced by the carbon emissions, which means to install a global carbon
price. A huge literature® based on the application of neoclassical economic environmental
models has shown that this is principally thinkable. But we should not rely totally on this

3 European Commission, 2013
* Riahi et al., 2007.
> An overview is given by Stern, 2007.
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instrument. Market imperfections will impede the functioning of this approach which means
that it is dangerous to rely on it as the single instrument.

Concerning the policy choice for the EU member states we are close to Huppes & Huele,
2014, who derived plausible policy mixes for the EU member states from a governance
approach: Strict behavioural controls in a weak governance situation will not work. On the
other side: In more planning type societies, market developments may be overruled, leading
to unnecessary costs. Technology specific measures are politically attractive because they are
easy to understand for a broader public. On the other side they may generate substantially
higher costs per unit of emission reduction than more generic emission pricing. Further
emission reduction by economic instruments requires a good functioning of the market
system. Based on such considerations Huppes & Huele, 2014, derived four different thinkable
governance storylines for the EU and the related policy mixes: The EU might develop during
the next decades into the direction of

a market federation,

a planning federation,

a mixed system,

or a re- nationalized EU.
The EU is already close to a mixed system of market and planning elements with no clear
ideological picture. It thus seems plausible that it might develop further into this direction.

For both alternative scenarios, we propose, in line with Huppes & Huele, 2014, the following
climate policy instrumentation in the EU member states, which fits the governance of the
mixed system. Carbon pricing plays a central role to decarbonize all production processes.
The EU ETS in its given domain should be equipped with a flexible supply that allows creating
stable carbon price developments. For the other sectors of the economy a second cap and
trade system should be installed, which would allow higher carbon prices than in the ETS. To
reach deep targets it will be necessary to install additional sectoral instruments for electricity
production, traffic and dwelling:

For electricity production the realization of quotas for renewable energies should be
obligatory to trigger innovations. An option for decarbonisation of land traffic is e-mobility
which should be pushed by regulations in city traffic in favour of emission free cars. Further
emission standards for cars should be implemented. Our analysis does not describe the
effects of a concrete action plan; it is a conservative estimation of the potential that such a
technology change has.

Energy efficiency of buildings should be improved by subsidies for investments in the energy
efficiency of the stock of buildings and further development of standards for the new
buildings should be given.

An information program for the dematerialization of production is implemented, which
reduces the inefficiencies in material use in all industries, especially in small and medium
sized firms. So the firms at the end of the supply chain use fewer materials, which means less
steel, ceramics, chemicals etc. — products, whose production processes emit much carbon.

Concerning the NON-European countries we follow Zelljadt, 2014, who distinguished four
plausible scenarios: “Status quo”, “Middle of the Road”, “Global Deal” and “Non Global Deal

® Bowen, 2011, p.27, gives an overview of the literature. He especially discusses the point
that the carbon price alone is not able to trigger innovations.
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Path”. The “Staus quo” is identical with our reference scenario. Our “Middle of the Road” is
based on that of Zelljadt.

For the “Global Cooperation” scenario we assume that the global treaty is oriented to the
implementation of instruments. This means that the non-European countries install the same
policy mix as the EU.

For the “Middle of the road” scenario uncoordinated policies are assumed. This means of
course that there will be no global carbon price, but quotas for renewables in electricity
production should be introduced, but with weaker developments as inEU27. It makes sense
to assume that e-mobility is also implemented in the non- EU countries, because the markets
for cars are strongly linked internationally. The material saving information policy is very
feasible, because it reduces costs of firms. Therefore it should also be part of the policy mix
of the non-EU countries in the scenario “Middle of the Road”.

In both scenarios CCS and biofuels are excluded as policy options. CCS is problematic from
the resource use perspective, because more input is needed of the resource. Further it is not
for sure that the gas remains under the surface for thousands of years. Biofuels restrict the
agricultural land use for feed and food, which is not acceptable with respect to the
population growth of about 40 % in the next forty years. An exemption is the seaweed
technology, which does not need agricultural land. But for the implementation into the
model the existing knowledge about it is not sufficient.

For the model GINFORS the CO2 emissions are the result of the policy mix and the
assumptions about exogenous variables. This means that a lot of simulations had to be
calculated with different values of the policy instruments to get acceptable results. The
results of our simulations show that the RCP 2.6 target can nearly be met in the “Global
Cooperation” scenario as our respective simulation results indicate global CO2 emissions to
range at about 15.4 Gt in 2050.’

The “Middle of the Road” scenario reaches 33.4 Gt CO2 emissions, which is much better than
41.4 Gt given for RCP 4.5.

Concerning the EU27 reduction target of 80 % in relation to the emissions of 1990, we reach
in both scenarios about 1.5 Gt, which is 0.4 Gt too high meaning that our reduction of CO2
emissions of EU27 against the 1990 values are about 70 %.

The economic implications are mainly triggered by two effects: Investments for renewables,
grids and the energy efficiency of buildings on the one side and the demeterialization
program.

In EU27 investments rise in both alternative scenarios against the baseline by 7.6 % in the
first years of the programs starting in 2015 and end with a plus of 4.5 % in 2050. Summarized
over the whole period from 2015 to 2050 investment in the EU27 is in both alternative
scenarios about 7.4 trillion US-S in constant prices higher than in the baseline. This has two
effects on the economy. First the circular flow of income is triggered rising GDP. Secondly the
capital costs rise and induce higher prices, which reduce GDP. The net effect of investment is
clearly positive for GDP.

’ For being precise we have to annotate that the RCP2.6 target value equals 12.4 Gt in 2050.
However, given a baseline amount of 63.3 Gt global CO2 emissions in 2050, we do not
think that a numerical difference of 3 Gt in the 2050 results of the RCP2.6 simulations and
our own calculations indicates significant qualitative deviations between both scenarios.
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The dematerialization program has the following economic implication: The firms at the end
of the supply chain improve their economic efficiency, which means directly higher value
added. Further an indirect effect is induced: Lower costs dampen their price dynamics which
fosters competitiveness and stimulates demand, production and value added. However, for
basic industries at the bottom of the supply chain the dynamics of demand, production and
value added are subject to opposing trends. What is the net effect for the whole economy?
The strength of the positive effect of the firms at the end of the supply chain is depending
from the indirect effect on competitiveness. In former studies we discussed this instrument
for a single region (EU27)® or country (Germany)’. Then of course the effect on
competitiveness is positive and the total effect on GDP also. But if — as in our case — this
instrument is implemented globally, the competitiveness effect is reduced and can even be
negative for the EU27, if in the other countries the material input coefficients are higher than
in the EU. Already the reduction of the competitiveness effect can mean that the net effect of
dematerialization for GDP can be negative.

Since the positive investment effect is stronger in the first twenty years of the period and
further the negative dematerialization effect is rising because from year to year the number
of improved firms rises, we watch first positive impacts and after 2035 negative impacts on
GDP. But the total effect is very small. Summing up all deviations from the baseline over the
period 2015 to 2050 for the global cooperation scenario gives nearly zero. In case of the EU27
aggregate the percentage deviation equals - 4 percent in 2050. This means a reduction of the
average annual growth rate of 0.1 % from 1.7 % in the baseline to 1.6 % in the scenario global
cooperation.

These weak effects on the macroeconomic aggregates are of course accompanied by strong
structural effects. The basic goods industries suffer directly from the dematerialization
impact, whereas the industries at the end of the supply chain benefit from dematerialization
and the strongly rising investment demand. A further strong structural impact on the
economy is directly related to the structural change in the energy system: Mineral oil
production is strongly reduced, whereas electricity production is winning against the
baseline.

Employment is slightly reduced against the baseline, but this means that the high tension at
the labour market in the baseline will be solved. The number of working persons as a
percentage of the age group 15-65 will still be about 5 points higher than today.

The results of the scenario “Middle of the Road” are also remarkable, because they show that
with a less active climate policy in the non-European countries (no carbon price, no
investments in energy efficiency of buildings, less intensive push on renewables) CO2
emissions of 33 Gt can be reached in 2050, which is far below the RCP 4.5 number of 41.4 Gt.
This offers perspectives for another policy option: To start from this in negotiations seems to
be promising because the assumed instruments of this scenario (less intensive push on
renewables, e-mobility, and information for dematerialization) could be accepted for a
broader community as for example the G20 countries. If this policy mix would be enlarged by
sectoral agreements like recycling in the metals industry or substitution of oil engines by gas
turbines in water transport, the reductions of emissions could be much deeper.

8 See Meyer, 2012.
% See Meyer et al., 2007
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The general result is that the targets can be reached with conventional technologies. We do
not have to wait till the big techno-jump solves our problems. But what we need is time to do
in 35 years all the marginal steps from year to year that are described in the paper. The
philosophy behind our policy mix is close to that of Deetman et al., 2014 who came with the
global energy simulation model TIMER to similar results.

2 General Characteristics of the Model GINFORS

2.1 Methodological Annotations

From a methodological viewpoint GINFORS might be characterised as a dynamic Input-
Output simulation model which is based on a comprehensive MRIO database. GINFORS
evolved from the COMPASS model (see Meyer & Uno, 1999, or Uno, 2002, for references
with regards to the COMPASS model) in the course of the MOSUS project.*® As a global input-
output simulation model, aims and scope of the GINFORS model are generally closely related
to GTAP applications. However, whereas the later follows a standard Computable General
Equilibrium (CGE) approach, GINFORS does not rely on long run equilibria of competitive
markets or Say’s law for a macroeconomic closure. Moreover, GINFORS assumes that agents
have to make their decisions under conditions of bounded rationality on imperfect markets.

Yet, this section is not intended to echo relevant distinctive features with regards to CGE
models. Interested readers are referred to Giljum et al., 2009, for a short comparison of
COMPASS/GINFORS with GTAP or the related annotations of Wiedmann et al., 2007, in this
regard. We would rather like to point out that the modelling of bounded rationality is not a
straightforward task: Apparently, the models’ reaction functions cannot be derived explicitly
by applications of plain optimisation calculus. According to our view, an empirical analysis of
historical developments therefore represents the natural starting point for model calibration.
Economic theory provides competing behavioural hypotheses which, for each reaction
function under consideration, are subject to statistical falsification tests. Accordingly,
GINFORS is often also classified as an econometric model (see, e.g., Wiedmann et al., 2007).11
From this follows, that the availability of historical time series datasets constitutes a
necessary condition for the implementation of our bounded rationality philosophy. Up to
now, essential model building efforts therefore had to be devoted to the (more or less
preparatory) compilation and maintenance of sufficient datasets. We do not intend to
recapitulate individual challenges and possible shortcomings of this extensive and time
consuming traditional practice but rather annotate that the GRAM-accounting method is

1 The MOSUS project was funded by the Fifth Framework Programme (FP5) of the European
Union. In this project GINFORS was used to simulate sustainability scenarios until 2020.

See http://www.mosus.net/ for details.

1 This paper should not be occupied by lengthy taxonomic discussions. Thus, we will retain

to this well established label. But for being precise, we like to annotate that other research
disciplines would most likely prefer a distinction between econometric textbook models,
and (i.a.) models of the INFORUM type as suggested by Almon, 1991. Actually, GINFORS
accrued from the INFORUM philosophy which is characterized by a comprehensive
mapping of variable Input Output Coefficients by means of econometric regression
techniques.
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basically rooted upon identical practice. Interested readers might therefore, e.g., look-up
Wiebe et al., 2012, and their corresponding annotations with regards to the construction of
their latest database. Apart from that, technical details of selective former GINFORS
implementations were, e.g., also documented by Meyer et al., 2007b, or Barker et al., 2011.
But when we started our latest model revision this situation had changed tremendously.
Hence, the empirical backbone of GINFORS; is now given by the fully harmonized annual set
of national Supply and Use Tables (SUTs) as outlined by Dietzenbacher et al., 2013. The WIOD
(World Input Output Data Base) contains these time series and further a consistent set of
environmental time series data including energy demand and supply and emissions
documented by Timmer, 2012.
Having completed this set of bottom up information with population and SNA datasets of the
UN Statics Division as well as financial data of the International Monetary Fund, our model
now enables us to simulate global developments until the year 2050, especially with regards
to:

» the evolution of 35 industries in 38 national economies and a Rest of World region,

» international patterns of trade for 59 products,

» the resulting effects on main economic aggregates of national economies (e.g.,

public debt or disposable income of private households),
» emissions stemming from 28 energy carriers
» and global resource demand (incl. water demand and agricultural land use).

This list already reflects that GINFORS features a high degree of endogeneity. Actually, only
national population growth rates as well as world market basic prices for fossil fuels and
minerals have to be determined exogenously. The computational implementation is then
based on an iterative solve algorithm. However, as we rather prefer to provide our readers
with an adequate representation of the contents of GINFORS;3, a detailed discussion of the
underlying C++ environment is omitted.

2.2 The General Structure of GINFORS

From a logical perspective, four interdependently linked modules can be distinguished: The
economy module, the bilateral trade module, the energy-emissions module and the resource
use module. The following paragraphs provide introductory insights into the respective
modelling approaches.

2.2.1 The economy module

For 38 national economies and a Rest of World region the economic relationships are
modelled by individual economy modules with market clearing mechanisms. Suppliers set
mark-up prices with regards to local currency denominated unit costs and demanders take
these prices as one determinant of their decisions. Suppliers produce the demanded
volumes. This structure ensures a balanced influence of supply and demand on the solution
of the model avoiding the supply dominance of neoclassical modelling. All macro variables
like GDP and its components as well as aggregate price indices or employment are calculated
by explicit aggregation from the sectoral variables. In this sense the model has a bottom up
structure as outlined below.
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As regards the supply side, the following modelling scheme applies for any of the 35
industries of a given national economy:*? The 35 industries are an aggregation of 59 product
groups. The aggregation scheme is variable and defined by a time series of so called supply
matrices. Input Coefficients for intermediate inputs are modelled as price dependent
variables. In the case of energy inputs these coefficients are driven by the inputs of related
energy carriers (which are predetermined in physical units by the energy module). The capital
stock is calculated from gross investment and the depreciation rate by definition. Gross
investment is explained by gross production and the interest rate. Labour input in hours
depends on gross production and sectorial real wage rates which are influenced by an
average macroeconomic wage rate (Phillips curve approach). Compensation of employees is
given by definition; the number of persons engaged can be derived from the average working
time per person and the employment in hours. Unit costs are given by definition. Basic prices
for sectors agriculture as well as mining and quarrying are calculated by definition from the
aggregation of 8 exogenous product prices for fossil fuels, minerals and agricultural products.
For all other 33 industry prices, unit costs and prices of competing import goods represent
the relevant drivers. Domestic prices for 51 product groups are disaggregated from the
industry prices via the make matrix. Basic prices for the 59 product groups are defined as
weighted averages of import prices and domestic prices. Purchasers’ prices for the 59
product groups are derived from basic prices adding tax rates and transport and trade
margins. For all 35 industries value added can be calculated subtracting the sum of
intermediate inputs from gross production. For 59 product groups total use is defined as the
sum of intermediate and final demand. Import shares are depending from the relation of the
import price and the basic price. Gross output for the 59 product groups can be calculated
subtracting imports from total use. The imports in local currency are converted into dollars
and given to the bilateral trade model.

With regards to the demand side, the following impacts are explicitly captured by our
modelling scheme: Intermediate demand of 59 product groups for 35 industries is implicitly
given by the inputs of intermediate demand in the 35 industries. Final demand for each of
the 59 product groups is sub-divided to private consumption, public consumption, gross fixed
capital formation, inventory investments and exports. For each product group of private
consumption real consumption per capita is explained by real disposable income per capita
and relative prices. Special attention is given to private mobility in relation to mobility
services, which are separated for land, water and air traffic. Energy product groups are
explained in the energy module. Water demand is driven by physical water demand
estimated in the resource use module. Real public consumption per capita is explained by the
real sum of disposable income and net lending of the government and by relative prices of
the product group. Gross fixed capital formation for 59 product groups can be calculated
using the vector of gross fixed capital formation for 35 industries (see above) and a capital
transformation matrix. Inventory investment is estimated by the change of gross output of
the 59 product groups. Exports are given by the bilateral trade module (see above).

The internally consistent bottom-up presentation of the flows of goods and services within
the economy as well as the use of primary inputs within the production process inside the
Input-Output system is completely embedded in the sequence of national accounts and
balancing items for the institutional sectors for 36 countries in units of local currency. Missing
countries are Malta, Turkey and Rest of the World. This second major internally consistent
national accounts data set provides a synthesis of the entire institutional sector accounts and

12 The Rest of World region exhibits a slightly less complex modelling scheme.
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it shows the amounts of uses and resources of each institutional sector for all transactions
and thus providing figures with regard to the extremely policy relevant variables like
disposable income of households or net lending / net borrowing of general government
which directly affects national debt.

2.2.2 The bilateral trade module

The bilateral trade module takes for 59 product groups the export prices and the import
values from the country models and converts them from local currency into dollars. Our
modelling strategy distinguishes import shares for intermediate inputs from import shares for
final demand goods. Both types of import shares are determined according to the following
procedure: For each product group the respective shares of exports from a delivering country
within the imports of a receiving country are depending from the relation between the
export price and the aggregated import price for that product in the receiving country.
Multiplying the trade shares with imports and summing up over importing countries gives the
exports by definition. The import prices are calculated as a weighted average of export prices
with the trade shares as weights. The exchange rates between the different currencies are
explained by the relation of the GDP deflators of the countries in question.

2.2.3 The energy and emissions module

For each country the demand of 35 industries and private households for 28 energy carriers
in physical terms (TJ) is explained by the energy and emissions module. The conversion of
primary energy into secondary energy is done by the sectors sector coke, refined petroleum
and by electricity, gas, water supply. Final energy demand is modelled in a two stage
approach: In a first stage the energy intensities (energy consumption in physical terms
divided by real gross production) of an industry for mobility, heating and electricity are
explained by the specific aggregated energy price in relation to the basic price of the industry.
Energy for heating of a sector is the aggregate of the use of coal, gas, light fuel oils, heavy fuel
oils and some waste, energy for mobility of a sector contains its use of diesel, gasoline, bio-
diesel, biogasoline and electricity for e-mobility is mentioned. Energy for heating is in most
sectors used for the heating of buildings. In the basic industries (steel, non-metallic minerals,
chemicals etc.) heating also means process heat. In mobility the sector water transport is an
exemption, because it uses light fuel oil and heavy fuel oil for mobility. Electricity is
separated, because it is used primarily for the use of machines. One exemption is here is the
electric arc furnace (EAF) technology in steel production, were electricity is used for process
heat.

In the second stage the shares of the different carriers in energy demand for heating and for
mobility purposes are determined by the relation of the price of the carrier in relation to the
aggregated energy price of the activity in the industry.

Energy demand for private households is in the first stage separated for the three purposes
heating, mobility and household appliances. The energy intensity for heating is defined as the
energy use per real capital stock of the real estate services industry. It’s evolvement is tested
for dependency on relative price developments and time trends. Multiplication of the energy
intensity with the real capital stock gives energy demand. Energy for mobility is explained by
real disposable income of private households and the relation between the aggregated
energy mobility price and the aggregated price for mobility services. A further differentiation
between private mobility and public traffic services is modelled price dependent. Energy
demand for household appliances depends from real disposable income and the relation
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between the household’s electricity price and the price for aggregated private consumption.
In the second stage in each purpose the relative prices of the energy carriers determine the
structure of demand. At his point, energy demand and it’s structure have been determined
for private households and all 35 industries.

Price dependent import ratios divide the demand for oil, gas, coal and electricity into imports
and domestic supply.

In the case of electricity production competition between the different technologies is
depicted: The level of nuclear in total electricity production is taken as exogenous since policy
decisions determine the long run use of this technology to a large extent. The total share of
the renewable energies is also modelled as a policy variable because the scenarios contain
explicit targets for renewable electricity production. In the next stage the shares of the
different renewable technologies (biogas, hydro, geothermal, photovoltaic, solarthermal
heat, solarthermal electricity and wind) in the renewable total are modelled depending from
unit costs with the exemption of hydro, which remains exogenous. Electricity production
from fossil fuels is defined as the rest. The shares of electricity production from oil, gas and
coal are depending from relative prices.

Energy demand in physical terms feeds back into the economic module as has been shown
for intermediate and final demand. The gross energy used is transformed into CO,-emissions
for 35 industries (and private households) and 14 energy carriers assuming constant emission
factors as well as constant relations between gross energy uses and emission relevant energy
uses. Last but not least the module explains the emissions for 7 further air pollutants (N20,
NOx, SOx, NMVOC, NH3, CH4) in 35 industries and private households using the information
from the energy use side as well as from the economy and the resource use module.

3 The baseline simulation: No active climate policy globally

3.1 The assumptions

3.1.1 The policy assumptions

Climate policy

For the EU countries we assume — as already mentioned — a policy that meets the binding 20-
20-20 targets for the year 2020. The policy instruments are the EU ETS equipped with a
flexible supply of emission rights and quotas for renewable energies in electricity production.
We assume that the carbon price will rise continuously up to 47 € in constant prices in 2050.
For the share of the renewables total in electricity production and the level of nuclear we
overtake the development of the reference scenario of the Commission™®. All other policy
parameters are fixed to the levels of the year 2012.

For the Non - European countries we take the share of renewables in electricity production
from the IEA baseline'®. The actual levels of nuclear energy production have been forecasted
with the world average growth rate of the 6 DG scenario of the Energy Technology
Perspectives (ETP) from the IEA, 2012. “No active climate policy globally” means that we
leave all policy parameters at their level of the last historic data point of our data set which is

13 European Commission, 2013
% |EA, 2012
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the year 2009. All tax rates, carbon prices, subsidies and other economic instruments do not
change over the whole simulation period till 2050.

Fiscal policy

Generally all tax rates on income and wealth, goods purchases and production and also the
rates for the contributions to social security are constant. But since financial markets react on
rising debt/GDP ratios with turbulences which have severe impacts on the development of
the real economy, we cannot ignore in our long run simulations an active fiscal policy which
may be necessary to control public debt. The following rules for public spending in the EU
countries have been implemented: If the net borrowing/ GDP ratio is higher than 3 %, public
spending will be reduced. For Non EU countries this border line is 5 %.

3.1.2 The development of the exogenous variables

Population is one of the most important exogenous variables of the model GINFORS. We
take the United Nations forecast with its medium variant.”> For all 39 countries a
differentiation of three age groups is given in GINFORS: 0-14 years, 14 to 65 years, over 65
years. According to this scenario global population amounts to 9.5 billion people in 2050
which implies an increase of about 40 % over four decades. The total growth rate is falling
from 1.1 % in 2014 to 0.4 % in 2050. This development is accompanied by an aging process:
The share of the over 65 rises and the share of the youngest group is falling.

Figure 2: Global population assumptions (totals and age groups) in 1000 persons.
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Further the real world market prices in 2010 US-S for the extraction of fossil fuels coal, gas
and oil and for the extraction of ores and non- metallic minerals are exogenous variables.
These prices are measured in constant dollars of the year 2010. So their nominal
development is further driven by the GDP deflator of the USA. We take the relative fossil fuel
prices from the IEA Energy Technology Perspectives (ETP) 2012 IEA, 2012. The names of the
ETP scenarios indicate the warming in 2150, whereas the warming degrees which we
allocated to the RCP scenarios are related to the year 2100. Schaeffer & van Vuuren, 2012,

13> United Nations, 2013
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compared the ETP and the RCP scenarios. They found out that the ETP 2DS scenario
corresponds closely with the RCP3-PD(2.6) concentration path and that the ETP 4DS scenario
is close to the RCP 4.5, whereas the ETP 6DS has a much lower concentration path than the
RCP 8.5. Insofar it makes sense to take for our baseline the IEA world market energy prices
from ETP 6DS, because we expect that the concentration path that is generated by our
baseline is also far lower than that of RCP 8.5. For the alternative scenarios the ETP 2DS and
ETP 4DS energy prices will be appropriate.

Figure 3 shows the development of the ETP 6DS world market prices in constant US-$ for
coal, oil and gas, which are taken for our baseline. Till 2050 the real coal price rises by 25 %,
the real oil price doubles and the real gas price rises by 150 %. The strong dynamics for the oil
and the gas price are plausible since the baseline is defined for the absence of climate policy,
which implicitly means that there is a high demand for fossil fuels which for oil and gas
produces a high degree of scarcity. This implies — as we will see discussing the other scenarios
— that the world market extraction prices for fossil fuels in the alternative scenarios will be
lower. The dimensions are for oil 2010 USD/bbl, for Coal 2010 USD/tonne and for gas 2010
USD/Mbtu.

Figure 3: World market extraction prices for coal, oil and gas in constant 2010 US-$ for the baseline scenario.
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3.2 The results

3.2.1 GDP

GDP is an endogenous variable of GINFORS for all 38 countries and the “rest of the world”
region which is consistently aggregated from value added of the 35 sectors in the respective
countries (or region).

Figure 4 shows the development of GDP in constant dollars for the world economy, the EU,
the three biggest economies in the world and India. The development in China dominates
figure 4: In 2036 the Chinese GDP will catch the GDP of the USA and China will be the biggest
economy in the world. In 2044 the Chinese economy will even pass the EU27. But of course
the growth rates of the Chinese GDP will continuously fall from about 8 % in 2012 to 2.7 % in
2050. The model forecasts that the global economy will recover from the crisis and reach its
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long run growth path of about 2.5 % per year. The EU economy will catch 1.5 % in 2020 and
will then observe slightly rising growth rates, which get to 2 % in 2050. The long run annual
averages of the GDP growth rates for the period 2014 to 2050 are:

Table 1: Long run averages of annual GDP growth rates 2014 to 2050

World 2.4%
EU27 1.7%
China 51%
USA 1.6%
Japan 1.5%
India 3.4%

Source: GINFORS CECILIA2050

Figure 4: GDP in constant 1995 US-$ in the baseline for the world economy, the EU and selected countries. Baseline.
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Figure 5: GDP per capita in constant 1995 US-$ for selected countries. Baseline.
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Real GDP per capita (figure 5) will rise in all countries. EU27 will reduce its distance to USA
mainly because of population growth in USA. China will have the strongest growth of per
capita GDP, but there still will be a big difference to the USA and EU27. India will remain in an
area of poverty.

3.2.2 Employment

GINFORS calculates for 38 countries in 35 industries labour demand in the dimension of
hours worked based on sectoral production and the real wage rate - both being endogenous.
The step from hours worked to the number of persons employed is done by division with the
hours worked per person in that industry and country. To be cautious with our estimation of
employed persons we take the actual numbers of the hours worked per person as constant.
To describe the situation on the labour market of a country we aggregate the sectoral
employment numbers to country totals and compare them with the number of persons in
the age group 15 — 65, which is not labour supply, but the maximum potential of it. We then
calculate the quota between the number of persons employed and the number of persons in
the age group 15-65. Figure 6 shows the aggregate of the national numbers for EU27.
Actually 69 percent of the potential of the age group are employed, till 2050 this number will
continuously rise up to 75 percent. Labour will be a much scarcer factor of production than
today. The reason will be the demographic change, which reduces the number of persons in
the age group 15-65. This feeds back into the wage determination pushing the wage rate.
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This induces a rise of labour productivity, which means a reduction of employment. The
model finds a solution of these interdependencies with a reduction of employment, which is
weaker than the reduction on the supply side of the labour market. As figure 6 shows, the
employment quota in EU27 rises continuously and compared with the actual situation this
has to be interpreted as a tension at the labour market. This interpretation is underlined by
the fact, that the hours worked per person have been held constant. If actual trends of the
reduction of hours worked per person would have been assumed, the graph would have
been even much steeper.

The solution of the model further shows that these effects are very different in the member
states. Already the demographic movements are very different: In France there will be a
stable number of persons in the age group 15-65 till 2040, which after 2040 will even rise. In
Germany we will observe a continuous fall of the number of persons of this age by 25 % till
2050. Further labour demand will develop different in the Member States. This means that
we might observe very different unemployment rates (including full employment) or rising
labour migration inside the EU (which could eliminate these differences). Our simulations,
which rest on exogenously predetermined population figures, do intend to mimic any labour
market induced migration effects.

Figure 6: EU27 employment quota in EU27. Baseline.
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3.2.3 Public debt

Public consumption is explained by the disposable income of the government. To avoid
unrealistic results for the long run development of the world economy, an adjustment
mechanism has been modelled, which reduces public consumption, if a critical value of net
borrowing as a percentage of GDP is reached. For EU countries this critical value is 3 %, for
the non EU countries it is 5 %. All countries have falling debt ratios. Japan and the USA have
outstanding figures due to their history in debt creation and the assumed weaker net
borrowing restriction for the future.
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3.2.4 Energy Demand

Figure 7: Final energy demand in the EU27 in TJ. Baseline.
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Figure 7 shows that final energy use of total industries in EU27 breaks down in reaction to the
crises, is constant from 2015 to 2025 and rises then slowly with rates that reach at the end of
the period 1%. From 2015 to 2050 the average annual growth rate is 0.5 %. This gives an
annual average energy productivity growth rate for industries of 1.2 %, which is lower than
the historic rate of 1.9 % measured from 1995 to 2008. For households we observe a slight
rise of the average annual growth rate of total final energy use from 0.6 % to 0.8 %.

3.2.5 Electricity supply

Electricity production will globally expand with an average annual growth rate of 2.5 %, which
equals the global annual growth rate of GDP. For the EU27 figure 8 further shows a
development with an average annual growth rate of 1.4 % which is less than the growth rate
of GDP (1.7 %).

As figure 9 shows, coal is the dominating carrier in electricity production and will expand till
2050 its share to 41.6 %. Renewables will displace gas as number two and reach 32.7 % in
2050. Gas, oil and nuclear will reduce their shares.

Figure 10 shows that the EU will have a different development of its structure of electricity
production. At the actual margin renewables are already close to the lead. Driven by the
assumptions of the EU Reference Scenario renewables will reach a share of about 50 %. Coal,
Gas and nuclear are very close between 25 % and 15 % and lose shares till 2050. Oil has never
played an important role in electricity production in EU27.
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Figure 8: Electricity production in TJ in the world and the EU27. Baseline.
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Figure 9: Global shares of energy carriers in electricity production in TJ. Baseline.
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Figure 10: EU27 shares of energy carriers in electricity production in TJ. Baseline.
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3.2.6 CO2 emissions

Figure 11 depicts the development auf CO2 emissions in the world, the EU27 and the three
biggest emitting countries and gives two important insights. Globally emissions rise in the
period 2015 to 2050 with an average annual growth rate of 2.0 %; compared to this
development the emissions of the USA and the EU27 are rather stable. The second insight is
that the two emerging economies China and India have annual average growth rates during
this period of 3.5 % (China) and 2.6 % (India). China will in 2050 be responsible for nearly 50
% of global emissions and India will emit more than EU27.
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Figure 11: CO2 emissions in kilo tons (global, EU27 and three biggest emitters). Baseline.
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In table 2 the structure of global CO2 emissions is given for total industries including
transport but excluding energy consumption of private households. Please mention that
industries are defined in the classification of the national accounts. So in this context of
sectoral production there is a sector “Private Households”. This sector catches the production
of services with employed people for households. It has