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ABSTRACT

By simulations with the dynamic equilibrium model
TD-BU-E3 DGEM the long term impacts of two
alternative policy instruments for responses tmate
change were assessed: green quotalantle dividend
Electricity demand growth was de-coupled from the
economic growth. 3 economic sectors, 5 existing and
three new vintage electricity production technodsgi
were considered.

By 2050 the share of renewables in the electricity
production could be reaching 0,289 and there are
sufficient potential renewable resources. The enmvoo
burden is bearable and the welfare is growing.

Checking the double dividend hypothesis (trade-off
b/n environmental benefits and gross economic fosts
the reduction in the labor tax is increasing corystion;
the reduction of consumption tax to a lesser exsent
but the reduction in the lump-sum refund to the
representative household is detrimental to consiampt

Hence, only for the case of labor tax recycling, we
could assume the existence of a strong double efidd

Keywords: climate change, GQaxation, abatement
strategies, general equilibrium models

1. INTRODUCTION

The aim of the paper is to quantitatively assess th
macroeconomic and sectoral impacts of future
responses to climate change by evaluating polites
adaptation and mitigation aiming at promoting
increased market penetration of electricity produce
from renewable energy sources in Austria.

The termadaptation is to be related to de-coupling
of electricity demand from the economic growth by
energy and resources conservation in the sense of
sustainable development, by changing consumption
pattern and habits, etc. — all that are long tersasares
related to socio economic changes.

For the long-termmitigation options for the electric
power sector will focus on C2®eduction by the mean

of a set of the technological options where strong
potentials for C(;reduction exist.

To grasp synergies in climate policy the adaptation
and mitigation options must be analyzed within a
consistent, dynamic framework allowing for carrying
out of integrated analyses of alternative scenaiftos
adaptation and mitigation strategies.

Mitigation and adaptation policies should be
assessed on their full effects and their quantifica
calls for the use of the newly developed Top/Do®b) -
for Bottom-up E3 (energy, environment, economy)
dynamic general equilibrium model (TD-BU-E3
DGEM) allowing for systematic trade-off analysis of
environmental quality, economic performance and
welfare (consumption).

As to policy measures related to mitigation by
promotion of renewable energies there had beehifa s
- as more generally in environmental policy design
from command-and-control policies to market-based
instruments such as taxes, subsidies, and tradable
guotas. A recent impact assessment by the European
Commission, 2008, shows that feed-in tariffs in thias
are the preferred promotion measure. In additinect
subsidies for renewable energy have been enacted —
typically differentiated by the type of green engrge.,
wind, biomass, solar cells, etc.

A relatively new strand of policy regulation is the
use of tradable green quotas where energy supmiees
required to produce a certain share of energy cesvi
from renewable energy but are flexible to trades¢he
shares between each other in order to exploit fiaten
difference in specific compliance costs.

In this paper, focus on two alternative policy
instruments which may be quite relevant to the
Austrian strategy for promotion of renewable energy
sources: quota obligation systems and Carbon exat
(double dividend) instruments.

Methodological the focus is set on novel CGE
(Computational General Equilibrium)  modeling
approaches. The methodological objective is to
consistently describe the role of specific enemggated
technologies within a total analytical economic
modeling framework. CGE is used as an analytical-To
Down framework that is enhanced by representatfon o
specific technology descriptions.
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The paper is structured as follows: Section 2
provides a background to the TD-BU-E3 DGEM and its
algebraic representation in the MCP framework,
followed by its adjustment to the study’s specifioxd
application to the particular case studies in $ect
that is dealing with Scenario definition and policy
analysis starting with benchmark assumptions, then
description and analysis of the Baseline Scenario
followed by the Green quota scenario and respective
analysis and ending with the Carbon Taxation (deubl
dividend) Scenario. Section 4 concludes.

2. THE TD-BU-E3 DGEM

Our modeling work was motivated by recent theoadtic
and practical developments in algorithms for ncadin
complementarity problems and variational inequesditi
based on the GAMS/MCP modeling format
(Rutherford, 2002).

The TD-BU-E3 DGEM where TD stands for
Top/Down, BU for Bottom-up, E3 for energy,
environment, economy and DGEM for dynamic general
equilibrium model.

The TD-BU-E3 DGEM provides a basis for
evaluating economic impacts of the chosen energy
policies both at macroeconomic and at the secteval
— indicating the effects of the energy decisionstloa
economic environment. This approach permits an
energy-economy model to combine technological
details of an energy system (bottom-up) with a
characterization of the market equilibrium (top-chjw

TD-BU-E3 DGEM applications include the impacts
of scenarios on country’s economic variables, e.g.,
changes of the main real economic indicators, @& th
consumption of the households, in the sectoral
employment levels, in the energy consumption, ef th
emission levels, the energy price indices, etct, T+
BU-E3 DGEM is also used for applied energy and
environmental policy analysis, e.g., the impactghaf
Green Quotas and the Environmental Tax Reform

2.1. TD-BU-E3 DGEM : algebraic representation in

M CP framework
In our formulation of an integrated top-down / loott
up model we consider a competitive (Arrow-Debreu)
economy with n commodities (including economic
goods, energy goods and primary factors) indexed by
m production activities (sectors) indexed by j, amd
households (including government) indexed by k. We
making use of the MCP framework suggested by
Boehringer (2007) formulation of market equilibrium
problems as mixed complementarity problems (MCP)
thus permitting integration of bottom-up programgin
models of the energy system into top-down general
equilibrium models of the overall economy. The
decision variables of the economy can be classifitgl
the following categories:

p denotes a non-negativevector in prices for all goods
and factors,

y is a non-negativem-vector for activity levels of
constant-returns-to-scale (CRTS) production sectors
M is ah-vector of consumer income levels,

e represents a non-negativevector of net energy
system outputs (including, for example, electriciby,
coal, and natural gas supplies), and

x denotes a non-negative-vector of energy system
inputs (including labor, capital, and materialsuts).

Given the underlying functional forms, we observe
that the complementarity conditions only will appty
the energy sector technologies and the shadowspoice
the associated capacity constraints; all of the
macroeconomic prices and quantities will be nommzer
By use of Shepard's Lemma we can then write the
equilibrium as the following mixed complementarity
problem:
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Extending the above setting into an intertemporal
model version only requires a few additions (mofst o
the underlyingeconomicrelationships hold on a period-
by-period basis), regarding capital stock formatéom
investment, an efficient allocation of capital, .i.e
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investment over time, implies two central intertemrg
zero profit conditions which relate the cost ofrat wf
investment, the return to capital, and the purchpEe
of a unit of capital stock for each time period

Capital evolves through geometric investment and
geometric depreciation

Output markets must also account for investment
demand.

The consumer allocates lifetime income, i.e., the
intertemporal budget, over time in order to maxiniz
utility, solving:

1
maXZ, (l+—,0yu C) (10)
subject to
2. pC. =M (11)

With isoelastic lifetime utility the instantaneous
utility function is given as:

1_
c

S

u(©) =— (12)
1-=
7
Summary of equilibrium variables in the TD-BU-

E3 DGEM:

a. Activity variables

c Aggregate consumption

S | Production of goods in the sectgrsl- N

E; | Aggregated output of energy gobd
z: | Production by technology t for energy gadoqd

Eij Demand for energy goddn the sectors;S

Ef Final demand for energy good

L; | Labor demand of goods in the sectgrs S
b. Price variables
p. | Price index of final consumption

P; | Non energy goods from sectdis

piE Energy prices for= {OIL, GAS, COL, ELE}

w | Wage rate

R | Returns to non energy capital fqr S

M | Energy sector returns

c. Income variable

| M | Income of the representative agent

d. Additional variables and parameters for
dynamic extension

K value (purchase price) of one unit of capital stack
PR in periodr ,
K associated dual variable which indicates the

* | activity level of capital stock formation in period

T

is the associated dual variable which indicates|the
activity level of aggregate investment in period

denotes the instantaneous utility function of the
representative agent,

p | is the time preference rate

M represents lifetime income (from endowments
with capital, time, and resources).

constant intertemporal elasticity of substitution

For calibration of the TD-BU-E3 DGEM we use
the social accounting matrix for 2005 and also the
following data:

Intertemporal elasticity of 0,5
substitution

Baseline interest rate 5 %lyear
Baseline growth rate 0.9 %lyear
Depreciation rate 7 Y%lyear

Price of eectricity for S = { AGR/FOR, PRD/EIS,
SRV, ENE (coal, gas, oil, electricity); },j=1-N
written as Cobb-Douglass function (the sameform is
used for all other prices)

ope o) o (-0f)
O 5 | Peo -5 P
P; [HIELE] J[ b—l ] +(1 ')|:;[(1—§l)91"] }
(13)
e Cost share of electricity, or oil or gas coal ie th
! composite output Y
fo) Cost share of non electricity energy composite
: in the output Y
E . N
7, Elasticity of substitution
ij Price of electricity for sector j

Unit profit functions for S.{AGR-FOR, PRD-EIS,
SRV,ENE},j=1-Nareinturngiven by:

1 pE (-0)) r 6;(1-0)) w 1-6,)1-0,) 47
M, =p -—— -+ 1- !
1 pJ wl |:y1[le +( yl)(gl(l_yl)] [(1—91)(1—}/1)] :|
(14)

The unit cost of enerqgy inputs to final demand are
given by:

EC 1/(1-0%)

. _ 'p_iEl—J
Pe Ziﬂ.(ﬂJ

(15)

And the resulting cost of a unit of final consumption
for |=1-N e.0{AGR, PRD, EIS, ENE, SRVl}is:
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o e
(16)
Where
N
>6r=1 (7

Finally, the unit profit associated with technology t
for enerqy good i ={col, oil, gas, €le} is:

N .
NE=pf-> pal-> pby—t (19
j=1 i

The top-down nesting structure of the production
functions is exemplified at the Annex 1.

3. SCENARIO DEFINITION AND POLICY
ANALYSIS

3.1. Sometechnological consider ations
In TD-BU-E3 DGEM we have eight different
technologies for electricity production, dividedtdn
existing and new vintage technologies, and also
categorized as renewable (or green) or not renewab
The existing electricity production technologies
are: Gas Power Plants, Oil Power Plants, Coal Power
Plants, Hydro Power Plants, and Bio-Wind Power
Plants, where the latter accounts for a composite o
existing Biomass and Wind electricity production
power units. At the Figure 1 the benchmark prodaurcti
shares of the existing technologies for the ye@52fre
shown.

Benchmark electricity production shares

W bio_wind
W biomass
coal
W gas
m hydro
oil
solar
wind

Figure 1: Benchmark electricity production shares

For the future power production we are envisaging
the so called new vintage technologies, namely, new
wind, new biomass and solar/photovoltaic.

Here the terms new wind and biomass should be
understood to be tentative names more the endeof-th
pipe technologies that are assumed to be moraesftic
than the existing but also more costly.

We made assumption that the existing power plants
will be functioning in the future and the new
technologies will be entering the market after thé
have exhausted the limit of their resource allacati
For the existing Bio-Wind technology we have impbse
a limit at a level of 2.5 times the value of itmbbmark
electricity production. Similarly, based on the ilien
resource availability, the Hydro Power productioasw
limited to 1.4 times its benchmark production level
According to the trend analysis the production loé t
coal power plants does not change much and oil powe
plants are going out of market.

The new renewable technologies have an imposed
potential of their maximal contribution to the tota
electricity production, namely, the new Wind - 78éw
biomass - 15%, and the new solar - 20%.

For the technologies the relative prices per ufit o
electricity produced have been ranked from the
cheapest, hydro power, to the most expensive, oé&aw s
which is assumed to be 2.2 more expensive than the
hydro. The other technologies are lying in betwtes
range.

The advanced renewables are assumed to be not
active at the beginning of the period mainly beeaus
they are supposed to be technologically availabla a
later stage and because they are relatively quite
expensive.

3.2. Baseline Scenario

Scenario assumption related to #uaptation is the de-
coupling of electricity demand from the economic
growth. This is assumed to be done by energy and
resources conservation in the sense of sustainable
development, by changing consumption pattern and
habits, etc. — all that are long term measuregeelto
socio economic changes. The growth of total eleityri
production, shown at Figure 3, is assumed to b&c0.7
per year, hence decoupled from the assumed economic
growth of 0.9%/year. Just for comparison — till 800
electricity demand in Austria were growing with 15ér
year.

The Scenario assumptions for the main fuel inputs
in the power production till the year 2050 are llasa
energy supply analysis by Kratena and Wriiger (2005)
(Figure 2).

The main features of this scenario are:

e doubling the natural gas input for power
production,

« hard coal use - almost constant,

e quadrupling the wind and biomass use and

e gradual extinction on fuel oil use in the power
plants.

The quadrupling of fuel wood and wind electricity
seem to be realizable because the available wiatygn
potential has been evaluated at 14 - 50 PJ andubk
wood availability at 30 Mio m3 or 232 PJ (Hantscid
Moidl 2007; Balabanov 2008).
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Figure 2: Assumptions for the main fuel inputsttié year 2050 (in PJ)

As said the growth of total electricity productiat,
Figure 3, is assumed to be decoupled from the
economic growth of 0.9%/year so that we are corting
a growth index of 1.64 for electricity productiones
the 50 year period. In the baseline scenario reblesa
will increasing their part of the production but the
historical growth rate — reaching approximately 8%
2050.
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Figure 3: Structure of the power production

3.3. Green quota scenario
A part of the integrated energy and climate change
policy guidelines, as adopted by the EU in December
2008 (DG for Energy and Transport 2008), is the
obligation by the member states for covering arraye
of 20% of their total energy needs from renewable
sources. Therefore each country agreed to fulfill a
different renewable energy quota by 2020.

The target for Austria by 2020 is 34% whilst foeth
year 2005 it was 23.3% of the total energy useolfar
as this target is recognizing the hydro power a&egr
energy and thélydro share for 2020 is projected to be
14.73% in fulfilling the quota obligation an accelerated
growth rate of other renewables would be need dior

to reach around 20% by 2020 which is seen by WKOE
(2008) as difficult.

In this paper the green quota scenario is attemptin
to simulate the impacts on the technology mix af th
Austrian electricity sector of increasing the shaffe
renewables in the electricity production up to 369
2050.

By running the TD-BU-E3 DGEM under the above
assumption we have as an output the changes in the
main indicators as shown at Figure 4. The growtthef
power production indexed with 1.66 is following tgui
closely the scenario assumption and around 203@ the
is a small bump. This is result of the exhaustibhe
conventional hydro and bio-wind resources and the
slum is due to the significant subsidies neededtter
start up of the new wind and biomass technologies.

05

2010 2020 2030 2040 2050 2060

X

[P

Figure 4: Model output for the main indexes

The accelerated development of the agricultural
sector (X1) is a result of the demands of agricaltu
inputs by the biomass technologies while heavy
industry’s production (X2) is slightly declining elthe
general trend in exporting/downsizing the energy
intensive industries.

The growth of investment is following closely the
growth of the electricity output and this is duethe
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high capital intensity of the power sector. It igitq
indicative that the consumption is growing, alketita
lower rate, despite the significant investment desna

Here is to be said that by 2030 the share of
renewables (without hydro) is reaching 0,184 and by
2050 - 0,289.

To summarize: achieving the quota of close to 30%
by 2050 is feasible and there are sufficient qtigstiof
potential renewable resources for that purposelsi

seems that the economic burden is bearable and the
welfare is growing.

The next figure shows the electricity production
structure by the different technologies in TWh for
graphical reasons the dominating Hydro power
production is not shown at Figure 5, since it wobkl
depressing the view. The scenario run resultedeiady
increase of hydro power production of up to 50 Thyh
2020 when in it reaches its imposed productiontlimi
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Figure 5: Production (in TWh) of the conventionatlaenewable energy technologies

Few years later — by 2025 - the bio-wind is also
reaching its production limit which results in thetput
rise by the conventional bio-wind technologies &mat
is opening the way to entering the market for tea/ n
wind and new biomass — the so called backstop
technologies.

This start up of the new and expensive technologies
result in a jump of the subsidy rate for green
technologies, see Figure 6, first in 2025 at thellof
8% from the electricity production cost. When new
Vintage reaches its potential, in 2030 there isttaro
jump in subsidy rates reaching to 14%, so that new
biomass technologies could start producing elettric

yyyyyyyyyyyyyyyyyyyy

FYSE R ——
L

2020 2030 2040

Figure 6: The subsidy rgtes for the green techriedog

As a result of these developments by 2030 the share
of renewables in the electricity production (inchgl
hydro) is reachin@,825 or without hydro0,184 and by
2050 the same share without hydr®j2889, while the
share (including hydro) remains at 0,825.

3.4. Carbon Taxation (double dividend) Scenario

The greenhouse gases are measured in megatons of
Carbon dioxide equivalency (MGEq) and there are a
number of alternative tax instruments for reducitsgy
emissions.

Carbon dioxide equivalency is a quantity that
describes, for a given mixture and amount of
greenhouse gas, the amount of,Gl@at would have the
same global warming potentigG{VP), when measured
over a specified timescale (generally, 100 years).
Carbon dioxide equivalency thus reflects the time-
integrated radioactive forcing, rather than the
instantaneous value described®@.e.

For example, the GWP for methane over 100 years
is 25 and for nitrous oxide 298. This means that
emissions of 1 million metric tons of methane and
nitrous oxide respectively are equivalent to emissiof
25 and 298 million metric tons of carbon dioxide.

Over the last decade, several EU Member States
have levied some type of carbon tax in order taiced
greenhouse gas emissions from fossil fuel combustio
contributing to anthropogenic global warming (OECD
2001).

In this context, the debate on tteuble dividend
hypothesis has addressed the question of whetler th
usual tradeoff between environmental benefits and
gross economic costs (i.e. the costs disregarding
environmental benefits) of emission taxes prevails
economies where distortionary taxes finance public
spending.

Emission taxes raise public revenues which can be
used to reduceexisting tax distortions. Revenue
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recycling may then provide prospects for a double
dividend from emission taxation (Goulder 1995):

Apart from an improvement in environmental
quality (the first dividend)the overall excess burden of
the tax system may be reduced by using additianal t
revenues for a revenue-neutral cut of existing
distortionary taxes (the second dividend).

If — at the margin — the excess burden of the
environmental tax ismallerthan that of the replaced
(decreased) existing tax, public financing becomese
efficient and welfare gains will occur.

The setting of TD-BU-E3 DGEM for simulating
Carbon Taxation Scenario differs slightly from the
original setting for the Baseline Scenario, e.@nalf
consumption is being split into public (governmdnta
and private (household) consumption, where public
consumption is estimated at a level of 25% of total
consumption.

Therefore a new production activity is defined,
indicating a public good (e.g. infrastructure, tiecdre,
etc.), which is then consumed by the Private hooisksh
or firms in the economy.

In our dynamic policy simulations, we investigate
the economic effects of carbon taxes that are set
sufficiently high to reduce carbon emissions by 20%
compared to the base year emission level. The digur
bellow is showing the rate of decarburization oé th
produced electricity, namely the reduction of CO2
emissions per TWh of produced electricity.

While keeping public good consumption at the
base-year level, the additional carbon tax revemaes
be recycled in three different ways:

0] a reduction in the distortionary labor tax
(labeled asTL™)
(ii) a cut in the distortionary consumption tax

(labeled asTC")
(i) a lump-sum refund to the representative
household (labeled in the Figure &sS*)

9% change of carbon emissions

2010 2020 2030 2040 2050 2060

Time

Figure 7: Trajectory of CO2 emissions per unit
electricity produced

As seen at the Figure 8 — in line with the
undisputed weak double dividend hypothesis (Goulder
1995) - the reduction of the distortionary consuopt
or labor taxes (TL) is superior in efficiency terras
compared to a lump-sum recycling of carbon tax
revenues. In our dynamic simulation, we even ob#ain

strong double dividend from revenue-neutral cuts in
distortonary taxes (TL): Reflecting the larger niaad
excess burden of the initial labor tax vis a vis hitial
consumption tax, labor tax recycling is distincthore
beneficial than consumption tax recycling. The Fég8
provides the consumption trajectories for the three
different recycling options. In the case of redaiatin
the distortionary labor taxT() the consumption levels
are increasing over a long period of time. To ades
extend the same applies to the case of a cut in the
distortionary consumption tax (labeled as “TC"):eTh
reduction in the distortionary lump-sum refund ke t
representative household (labeled as “LS”) tends to
reducing consumption and respectively the welfare.
Hence, only for the case of labor tax recycling, we
could assume the existence of a strong doubleefidd

carbon taxation scenario

umption, depending on tax-style

% change in const
S
/

2010 2020 2030 2040 2050 2060

Time

s ——— tc [

Figure 8: Carbon Taxation Scenarios

Figure 9 shows the associated carbon tax rates, or
the marginal abatement cost (MAC), to achieve the
target emission reductions. The computed maximum
MAC of bellow EUR 100 that correlates very well kit
other multi country studies for the EU region, el
Marginal Abatement Costs (MAC) levels have been
estimated by the EU’s “Impact Assessment of thesEU'
objectives on climate change and renewable enengy f
2020” (EC 2008) to be around € 90/t CO2.

carbon taxation scenario

Carbon tax

2010 2020 2030 2040 2050 2060

Time

Fighre 9: Dynamics (;f the carbon tax r:'ﬂes/MAC

MAC - as the direct incentive for emission
mitigation in production and consumption — increase
with the stringency of the emission constraint tartdly
differ across recycling variants.
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In the dynamic analysis of environmental tax
reforms, we impose a linear reduction of carbon
emissions compared to baseline emission level0Bfy 2
between 2005 and 2040, holding the percentage
reduction vis--vis the Baseline and keeping it tans
thereafter.

4. CONCLUSIONS

By adapting and extensively validating the newly
developed Top/Down -BU for Bottom-up E3 ( energy,
environment, economy) dynamic general equilibrium
model (TD-BU-E3 DGEM) we assessed the long term
impacts on the macroeconomic and sectoral strdctura
components of two alternative policy instruments fo
responses to climate change and for promotion of
renewable energy sources:

Green quota, and

Carbon Taxation (double dividend)

In our baseline Scenario, as a part of the adaptati
strategy, we assumed de-coupling of electricity aiean
growth from the economic growth.

In the model we have introduced 5 existing
electricity production technologies, namely: Gasveio
Plants, Oil Power PlantCoal Power Plants, Hydro
Power Plants, and Bio-Wind Power Plants (a comeosit
of existing Biomass and Wind electricity production
power units).

The new vintage technologies, namely, new wind,
new biomass and solar/photovoltaic — are tentative
names and should be better seen as the end-ofge p
technologies that are assumed to be more effithemt
the existing but also more costly.

The model runs for the Green quota scenario have
shown that as a result of the inversing demands of
agricultural inputs by the biomass technologiesehs
accelerated development of the agricultural sestule
heavy industry’s production is slightly declinidge
the general trend in exporting/downsizing the ewerg
intensive industries.

The growth of investment is following closely the
growth of the electricity output and this is duethe
high capital intensity of the power sector. It igitq
indicative that the consumption is growing, albegita
lower rate, despite the significant investment desna

Here is to be said that by 2030 the share of
renewables in the electricity production (withoytho)
is reaching 0,184 and by 2050 - 0,289 and the
renewables share (including hydro) is 0,825.

To summarize: achieving the quota of close to 30%
by 2050 is feasible and there are sufficient qtigstiof
potential renewable resources available for eletyri
production. It also seems that the economic buiden
bearable and the welfare is growing.

The double dividend hypothesis has addressed the
question of whether the usual trade-off between
environmental benefits and gross economic costs (i.
the costs disregardingenvironmental benefits) of
emission taxes prevails in economies where
distortionary taxes finance public spending.

Emission taxes raise public revenues which can be
used to reduce existing taxlistortions Revenue
recycling may then provide prospects for a double
dividend from emission taxation.

While keeping public good consumption at the
base-year level, thadditionalcarbon tax revenues can
be recycled in three different ways:

0] a reduction in the distortionary labor tax

(i) a cut in the distortionary consumption tax

(iii) a lump-sum refund to the representative
household

The results of the simulations are showing that the
reduction in the distortionary labor tax is leaditoy
increases over a long period of time of the congignp
levels. To a lesser extend the consumption inceegmse
the case of a cut in the distortionary consumpt&n
From the other side the reduction in the distodign
lump-sum refund to the representative householdsten
to reducing consumption and respectively the welfar

Hence, only for the case of labor tax recycling, we
could assume the existence of a strong doubleetidd
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