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Abstract

This article presents the hypothesis that exogenous shocks in the electricity market,
through variations in prices that are independent of changes in oil prices, may affect
the business cycle of the Chilean economy in the short and medium term. The results of
our research confirm this hypothesis: shocks of different signs that modify investment
in power generation—delays or new investment in renewable energies—have played
an important role in the fluctuation of the business cycle. For example, the comparison
of different scenarios reveals that after a few years, delays could have caused losses
of around 6.0% of GDP growth, because the price of electricity would have been far
from its equilibrium value for a long time. Therefore, without the strong investment in
renewables, among other technologies, the delays would have materialized, resulting
in relevant costs to the economy. These results have important policy implications.
Chile has been a leader in Latin America in terms of electricity market reform since
1982. Therefore, it is essential to study possible changes in the Chilean electricity
market, to the extent that it could lead other countries to question the benefits of
implementing similar market reforms, especially if negative shocks in the electricity
generation sector are not compensated by new investments.
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1 Introduction

A few years ago, the development of new electricity power plants in Chile was subject
to important delays and even cancellations, due to factors exogenous to the projects
themselves. These factors are generally political in nature and have generated substan-
tial obstacles in the project approval process. The time required to obtain environmental
approvals by state agencies has almost doubled, on average, in the period of 1995—
2011, as shown in Fig. 1 (Fuentes 2013). However, the electricity market reacted with
strong investments in renewable energy, among other technologies, largely offsetting
the potential negative effects of these delays and cancellations.

These delays, in the period under analysis, could have caused electricity prices to
rise for long periods of time. The resulting dynamic has created a new type of supply
shock for the Chilean economy, similar to oil price shocks. In this paper, we show
how strong changes in investment decisions in the construction of power plants are
connected to the business cycle, through changes in the price of electricity which are
independent of changes in the price of oil. The principal characteristic of electricity
price dynamics in Chile is that, after a change, the level of this variable remains high
and stable for several years. Thus, the primary concern of the study is to determine if
this kind of change in the price level has a macroeconomic effect in Chile.

There is an extensive literature that connects the business cycle with fluctuations
in the price of energy mainly through shocks in oil prices, since the early works by
Rasche (1980) and Hamilton (1983) up to more recent works by Leduc and Sill (2007),
Krey (2007), Kilian (2008b), and Oladosu (2009). According to Kilian (2008a), there
are four reasons why the oil price has monopolized the attention of economists. First,
oil prices have undergone strong and sustained increases and decreases. Second, the
demand for oil is relatively inelastic. Third, changes in oil prices are exogenous—that
is, they have external origins—and occur in the presence of important imperfections in
labor markets characterized by sticky wages as in Blanchard and Gali (2007). Fourth,
energy price hikes often happen in combination with major economic disruptions,
such as recessions, unemployment, and high inflation. The literature pays much less
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Fig.1 Average length of environmental processing of power stations per year in Chile. . Source: Authors’
calculations
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attention to analyze the impact of the prices of natural gas and coal on the business
cycle fluctuations, and some examples are the following studies Lutz and Meyer (2009)
and Choi et al. (2010).

Ultimately, fluctuations in the price of electricity and their impact on the business
cycle have only been explained by changes in the price of inputs to produce this
energy—namely, oil, natural gas, and coal—and not by direct changes in the electricity
sector, for instance Mohammadi (2009) and He et al. (2010).

We propose a direct methodology to measure the impact of investment decisions
in the electricity market on the economy. First the electricity prices for different sce-
narios are simulated. The different electricity price scenarios are then introduced into
a dynamic stochastic general equilibrium model, which is the standard methodology
for analyzing the business cycle, where the macroeconomic variables are measured
as log-deviations from the steady state. The contribution of electricity is incorporated
explicitly in the macroeconomic model through a lumpy adjustment model, which
is estimated using Bayesian estimation.! In particular, we try to measure whether a
persistent and stable deviation in the electricity price from its steady-state value has a
strong macroeconomic effect on other variables, such as GDP, investment, consump-
tion, and employment.

We separate price determination in the electricity sector from macroeconomic mod-
eling for the sake of simplicity. The incorporation of the sector’s capital and labor
decisions would complicate the macroeconomic modeling, without providing further
information about the aggregate impact of the price of this sector on economy. In
this regard, we show evidence in this study that this assumption is valid for several
countries (see Sect. 2).

By simulating different scenarios for a prolonged period—arbitrarily defined as
thirteen years—, we estimate that the cumulative impact of delays in the construction of
new power plants in Chile on GDP growth could have been around 6.0% in the period,
with the consequent negative effect on private investment, domestic consumption, and
employment. Therefore, without the strong investment in renewable energies, among
other technologies, delays would have materialized, producing important costs for
the Chilean economy. In addition, in June 2019 the connection of Chile’s two largest
networks was completed, allowing the massive entry of renewable energy into the
system. According to the premise of our study, this project should reduce the price
of electricity, as also predicted in Bustos and Fuentes (2017) and Bustos and Fuentes
(2016).

The effect on GDP and the impact on employment depends crucially on some
key parameters such as the persistence of the electricity price shock, the value of
labor demand elasticity, and the adjustment of hiring inputs. Using Bayes’ factors,
we confirm that the best model is one that has a high persistence in price shocks, a
low elasticity of labor demand, and a high persistence in hiring labor. In other words,
the values of the parameters that allow electricity price shocks to have a relevant
effect on the economy, even though the electricity sector represents a low share of
GDP.

! To ensure consistency in our results, we use the Metropolis—Hastings algorithm based on two Markov
chains, each with a large number of simulations: 150,000 replications to build the estimated distribution of
the parameters (posterior). These simulations are implemented after searching for a proper starting point.
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The results obtained are relevant for both developing and developed countries
that must delay important investment projects due to the associated negative exter-
nalities. This is often the case for projects in electricity generation, regardless of
whether they involve renewable energies. There are at least two reasons why delays
are likely to arise in these projects. First, the increasing empowerment of civil soci-
ety in modern democracies makes decision-making processes more participatory
and hence more complex, which can lengthen the time frame for defining the use
of the available lands. Second, environmental issues are a growing concern, due
to the lack of global solutions to the external effects of these large-scale projects.
The resulting conflicts can translate into delays on electrical projects, beyond the
mitigation policies and compensations that can be implemented in each case. Such
delays increase the financial costs and ultimately prices, not only in terms of the
costs considered in the initial plans, but also through unexpected costs that arise to
mitigate the effects on society, if they were not included in the cost-benefit analy-
sis.

The Chilean case is important because this country was an innovator in elec-
tricity market reform in Latin America, privatizing the electricity sector as early
as 1982. Other countries followed suit in the early 1990s, including Argentina in
1991, Peru in 1992, Bolivia in 1995, Guatemala and El Salvador in 1996, Panama in
1997, and the Dominican Republic in 1998. All these countries implemented models
with important similarities with the Chilean model, where private initiative plays a
crucial role in the development of investment. While these countries implemented
different pricing mechanisms, they took as a crucial element the role of private ini-
tiative in investment, as initially proposed in the region by Chile. As a result, Chile
became a leader in market reforms that were adopted by other Latin American coun-
tries, which have closely followed the developments in this field in Chile over the
years. Consequently, the possibility that the model implemented in Chile, and later
replicated in multiple countries in the region, could converge in a specific period
to a situation of stagnation due to delays in power plants is a key finding. Such a
stagnation would not only have had relevant sectorial and macroeconomic impli-
cations for the Chilean economy, but could also call into question the benefits of
market reforms in the electricity sector in other countries of the region, especially if
negative shocks in the power generation sector are not compensated with new invest-
ments.

We organize the document as follows. Section 2 describes several aspects of the
study: the introduction of electricity into the macroeconomic model, the calculation
of electricity prices, the relationship of this price to investment in the electricity
sector, and the calibration and estimation of the macroeconomic model. Section 3
analyzes the macroeconomic impact of shocks associated with investment in power
plants in the business cycle. Finally, Sect. 4 presents the main conclusions of the
study.
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Table 1 Electricity consumption and production in the OECD . Source: IEA and OECD

Elec. generates (TWh) 1973 1980 1990 2000 2012 2013
4471.52 5668.23  7629.11  9727.66  10786.02  10796.17

Final consumption of Elec. (shares)

Total consumption of 11.5 13.9 17.8 19.7 22.1 22.1
energy
Industry 16.5 19.8 26.8 30.5 322 32.1
Residential 17.0 22.4 28.4 31.0 36.1 353
Commercial and public 22.0 29.5 41.2 47.5 52.4 51.6
services
Agricultural and fishing 8.7 8.8 9.0 10.0 15.5 14.9
Fuel shares in Elec. production
Nuclear 4.2 10.9 225 23.0 222 18.1
Hydro 20.8 19.5 16.0 144 13.0 13.6
Geothermal 0.1 0.2 0.4 0.3 0.4 0.4
Solar - - 0.01 0.01 0.04 1.1
Tide, wave, ocean 0.01 0.01 0.01 0.01 0.005 0.01
Wind - - 0.05 0.3 0.9 4.0
Thermal 74.9 69.4 61.1 62.0 63.4 62.7
Other - - - 0.01 0.1 0.1
Value added electricity, - - - - - 2.24
gas and water supply
over GDP

2 The main features of the macroeconomic model

To model? the impact of the electricity sector on the economy, we must consider some
stylized facts. First, the electric energy sector is small measured as a percentage of the
GDP, averaging 2.24% for all OECD countries (see Table 1).

Second, regarding the production of electric energy, hydro and thermal power plants
generated most of the electricity in OECD countries, including Chile (see Table 1).
We, therefore, focus on these technologies to explain power generation in some of our
simulations.

Third, the consumption of electric energy as a share of total energy consumption
was approximately 22% in the OECD countries in 2013. However, the commercial
and industrial sectors use this type of energy intensively: electric energy accounts for
32% and 52% of total energy consumption, respectively, in these sectors. Therefore,
electrical power is essential to the production of output in the OECD countries.

Fourth, the electricity price followed its dynamic somewhat independently in the
short term relative to other energy prices in the OECD countries (see Fig. 2). Therefore,
oil price dynamics alone are not sufficient for understanding the energy situation. The

2 For details on the assumptions and equations of the macroeconomic model, see “Appendix A”. In general
terms, the macroeconomic model used in this study is very similar to the models propose by Gali et al.
(2007), and Smets and Wouters (2007) but for a small open economy.
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Fig.2 Real energy prices indexes: OECD (1978-2014) and Chile (2000:1-2011:3). . Source: IEA, Central
Bank of Chile, and National Energy Commission, Government of Chile

price on the electricity market has its own behavior and thus its impact on the economy.
We observe the same pattern for Chile in the period 2000:1-2011:3. Although the two
prices followed a similar trend, the oil price fluctuated much more sharply over the
period, while the electricity price increased in 2007 and then stayed at this higher level
for the rest of the sample.

2.1 Macroeconomic modeling

The macroeconomic model has the following sectors: households, which make
decisions on consumption and labor supply; firms, which define the production of
intermediate goods—by combining labor, capital, imported inputs, and oil-, invest-
ment goods, and commodity goods; private banks, which offer credit for the production
of capital goods; a central bank, which sets the interest rate; the government, which
determines public spending; and an external sector, which chooses imports (interme-
diate inputs and oil), capital flows (foreign debt), and exports (intermediate goods and
commodities).

Considering the stylized facts discussed at the beginning of Sect. 2, we do not
explicitly model the electricity sector in the macroeconomic model. We, therefore,
focus only on the price effect of this industry on the economy, since the direct contri-
bution of this sector to the economy as a whole is only marginal.3

We diverge from the standard macroeconomic methodology in two ways.* First,
we introduce electrical energy as an essential input in the production of intermediate
goods.> Second, we restrict the model parameters proposing a simple lumpy adjust-
ment model in hiring inputs such that an increase in the price of electricity causes a

3 Nakov (2010) endogenizes the energy industry, when the impact of the aggregate value of this industry
is also relevant for the economy.

4 Examples of macroeconomic models that include energy include Sdnchez (2011), Vasconez et al. (2012),
and Gavin et al. (2013).

5 Vasconez et al. (2012) and Gavin et al. (2013) use a similar strategy to introduce energy into a macroe-
conomic model. Alternatively, Sdnchez (2011) assumes that the use of capital requires energy.
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contraction in employment in the short term. As explained below, this last considera-
tion is crucial for obtaining correct estimations.

We use a standard Cobb—Douglas production function that includes energy—oil
and electricity—, as well as capital, labor, and imported inputs:

Y] = ALY (6K)® M{*MOIL{* EE; 7%~ (1)

where YtlD is output, A; is the level of technology, which is modeled as an AR(1)
process with a parameter of persistence §4, L; is employment, K; is the capital stock,
M; is imported inputs, MOIL,; is oil, E E; is electricity, and &1 is a AR(1) shock to
the quality of capital and provides a source of variation in the return to capital. We can
then calculate the unit costs of producing one good in the intermediate sector:

1 « oo
uc, = (A—) we (g;lz,) " (SX,PF)*™ (SX,POIL,)® PE) "1~ ~%-a (9
t

where UC; is the unit cost of production, W; is wages, Z; is the rental price of the
capital, SX; is the nominal exchange rate, P, is the price of imported inputs in dollars,
POIL,; is the international oil price in dollars, and PE; is the price of electricity in
domestic currency. Therefore, a higher energy price on aggregate produces a direct
increase in the unit costs of production (UC;), which is transferred directly to the
inflation rate of intermediate goods. This can be seen directly from Eq. (2): an increase
in PE;, which is dependent on 1 — a1 — oy — a3 — a4, affects the UC;.

The final impact on the economy of a change in the price of energy is more complex,
however. It mainly depends on three key aspects included in the macroeconomic model:

i. The substitution between energy and other production inputs (for example, the
Cobb-Douglas production function in Eq. (1) explicitly assumes that the elasticity
of substitution is one);

ii. The degree of labor flexibility (if wages are very rigid, an energy shock will have
a negative impact on aggregate employment); and

iii. The central bank’s response to higher inflation (if an increase in the energy price is
inflationary, then the central bank will raise its interest rate, producing a contraction
in the economy).

A priori, higher energy prices are expected to have a stagflationary effect, both because
production costs will be higher and because the shock will produce a contraction in
GDP and, therefore, in employment. The first of these effects is obtained directly from
Eq. (2), which shows a positive relationship between UC, and the energy price.
Modeling the second effect—namely, the contraction in employment—is more
complex. Since an energy price shock makes labor relatively cheaper than electricity,
firms could substitute cheap labor for expensive energy under the assumption of a
Cobb-Douglas production function. This effect creates an expected paradox in the
model: employment would rise instead of falling, which is a counter intuitive result.%

6 For works that find that energy shocks cause recession and thus do not increase employment, see Davis
and Haltiwanger (2001), Brown and Yiicel (2002), and Hamilton (2010).
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In this context, we implement a more flexible and empirical approach for modeling
the short-run dynamics of the demand for inputs while maintaining the benefit of
having a Cobb-Douglas production function in the long term. First, we use a simple
model of microeconomics lumpy adjustment in hiring inputs developed by Berger,
Caballero, and Engel (2015) for when the number of agents is large. In the model, a
firm abruptly adjusts the accumulated imbalances in its inputs j, and the probability
of doing this is independent of the size of the imbalance. We define input; ; ;, as
the effective demand for the input and input;‘.’ ;.1 as the level that firm i chooses if it
adjusts in period ¢. This depends positively on the level of activity y; and the level of
productivity @, and negatively on the price of the input expressed in real terms, pﬁ .
Then the model is the following:

AiHPUtj’i’t _ e;rjfut (inputj’i’t — inputj’i’l) s 3)

where Gl.nfut is equal to one if firm i adjusts in period ¢.

We use Calvo (1983) assumption that the adjustment is independent of the size of
the imbalance and therefore it allows us to replace 9;1’1fm with its expected value which
is the parameter pmg_input;. As Berger, Caballero, and Engel (2015) explain, when
the number of identical agents converges to infinity, the aggregate dynamic in hiring
inputs can be represented as an Euler equation derived from a quadratic adjustment
cost model which in linear terms is:

Ainput; , = pmg_input; (Ay, + Aa; — 0; Apﬁt) @
+ (1 — pmg_input;) Ainput; ,.

Second, we assume that the model must have an extra ingredient for labor demand.
It must assume that the demand for labor is very inelastic to the real wage in the short
term, that is, 6; < 1. In fact, we expect a low elasticity of substitution in the short
term.” This last point is consistent with the above discussion: if employment can be
expected to fall, then the effect that should prevail in the short term is the decline in the
demand for intermediate goods, not the change in real wages. For the same reasons,
we extend the assumption to the demand for fuel transport (see Eq. (6) in the next
section).

2.2 Strategy to measure electricity price shocks and to simulate the price of
electricity

As we mentioned at the beginning of Sect. 2, the price of electricity pe; shows a high
persistence. Apart from the econometric discussion of whether this variable has a unit
root, it is evident from Fig. 2 that this variable p?¢ is highly persistent. Thus, our
primary concern is to determine whether this kind of change has similar macroeco-
nomic effects in Chile as in other countries. Regarding the model, pe; is expressed as

7 For empirical evidence of a low elasticity of substitution between employment and energy, see Hamermesh
(1993).
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Table 2 Electricity prices simulated . Source: Author’s calculations

Periods Baseline Optimal Super-optimal Actual price
2012 132 128 115 132

2013 117 112 108 128

2014 124 113 102 125

2015 124 113 102 118

2016 124 113 102 109

2017 124 113 102 106

2018 124 113 102 -

2019 124 113 102 -

Pesos per US dollar of 2012

the percentage deviation from the respective steady-state values pe;. We, therefore,
measure whether a persistent deviation in the electricity price from its steady-state
value in this way:

(Pet - Pe;*) = pP* (Pé’t—l - P€?_1) + €. 5

The value of the parameter p?° is crucial for measuring the relevance of the impact
of the electricity price on the economy. On the one hand, if p?¢ tends to zero, then
this impact is also zero; on the other, if p”¢ tends to one, then this impact could be
relevant, depending on the other parameters of the model. To estimate Eq. (5), we
assume that p”¢ can take different priors: namely, low, medium, and high persistence.
We test these various alternatives using Bayes factor in Sect. 2.4.

The details of how pe; is calculated are as follows. The operations model of the
Chilean electricity sector establishes a centralized dispatch procedure based on a strict
criterion of marginal costs of operation, so as to minimize the overall cost of short-
term operations. The tariffication mechanism corresponds to a peak-load pricing model
incorporating two different tariffs, one for energy and one for capacity (or power), and
implementing a centralized dispatch ordered by increasing cost of operation in the
short term. The energy tariff is established as the cost of operation of the last plant
dispatched in every moment—that is, the plant with the highest variable cost of energy
dispatched. Likewise, the capacity tariff, which is only applied to the consumer during
the peak hours of demand for the period, corresponds to the marginal cost of capacity.
Therefore, under Chilean regulations, the price of electricity will be relatively high or
low depending on the conformation of generation capacity and the level of demand at
any given time. In this way, any delays in the scheduled entry of new plants will result
in higher spot prices than would be expected under the original timetable.

To illustrate the connection between investment and electricity price, we have made
some simulations (see Table 2). For simplicity’s sake, we focus on the case of invest-
ment delays, as an example of a sharp change in the sector’s investments, although
the opposite case of an increase in investments can be also analyzed. We define the
following scenarios for pe;: the super-optimal scenario, which assumes that the elec-
tricity system operated without delays for thirteen years—an arbitrary period of time,
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2416 R. Agurto et al.

but we consider it long enough for the investment decisions to have an effect on the
price of the sector—; the optimal scenario, which assumes that the system operates
without delays from period six onward; and the baseline scenario, which assumes that
the current trend in delays continues through the thirteen years.

We use these scenarios to make two comparisons. First, we look at the differ-
ence between the super-optimal scenario and the baseline scenario. This comparison
allows us to measure, regarding the price differential, the impact of delays that occur
for thirteen periods. This is thus a measure of what could have been if delays had
not occurred. Second, we compare the optimal scenario and the baseline scenario to
measure, regarding the price differential, the effect of eliminating delays from period
six onward.

It can also be seen from Table 2 that the effective price during these years moved
from the base scenario in the early years to the super-optimal scenario in 2017. This is
due to the strong investment made in renewable energy, which ultimately compensated
for the delays in the construction of more traditional power plants.

2.3 Electricity versus oil

The other source of energy in the model is oil. This input was introduced into the model
in two parts: first, it was included directly in Eq. (1), as an input in the production of
intermediate goods MOIL,; second, it is one of the inputs in the intermediate goods
distribution TOIL,, to capture the fact that before these goods are consumed or invested,
they must be transported using oil:®

v, = (vP)" oo, ©)

Unlike electricity, an increase in the oil price has two independent transmission
channels that affect the economy. There is an adverse effect on the production of
intermediate goods—the same channel as electric energy—and an additional negative
effect on the increase in transportation costs.

2.4 Calibration and estimation of the macroeconomic model

The estimation strategy of the macroeconomic model has two parts. First, all param-
eters related to the stationary state of the model are calibrated. The objective of the
calibration is to replicate the stationary state or long-term balance of the Chilean econ-
omy, represented by shares over GDP, such as consumption over GDP, investment over
GDP, and public expenditure over GDP. The calibrated parameters are only three: the
depreciation rate (it is assumed that § is 2.5%), the shares of inputs (« parameters from
Eq. (1) and presented in Table 3), and the share of oil in the cost of transport (Eq. (6),
ap parameter is 2%). All shares are obtained from national accounts data.

The calibration process requires accurate values for the parameters of the production
function for intermediate goods (Eq. (1)). These parameters represent the shares of each

8 An alternative is to introduce this type of energy as an additional consumption good (Gavin et al. 2013).
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Table 3 Share of inputs in the gross production of intermediate goods and the steady state of the macroe-
conomic model . Source: Author’s calculations, based on data from the Central Bank of Chile

Parameters Shares Steady state Over GDP

Labor (1) 0.39 Consumption 0.62

Capital (ap) 0.35 Investment 0.22

Electric energy (as) 0.03 Exports 0.34

Oil (tg) 0.02 Imports 0.31

Imported inputs (r3) 0.21 Government spending 0.10
Foreign debt 0.34
Commodity export (copper) 0.08

as=1—0o]—ay —a3 —ay

input in the gross production of intermediate goods in the long term. The calibration
of these parameters is based on information from the 2008 input—output matrix and on
oil import data from the Central Bank of Chile. Table 3 shows the calibration results,
where the share of electricity in the gross output of intermediate goods is around 3%.°
Based on this calibration, the model yields a steady-state or long-run equilibrium that
is consistent with the information available for the Chilean economy (see Table 3).10

Second, we estimate the parameters that define the dynamic of the model with
Bayesian estimation.'! This decision in the estimation strategy allows us to reduce the
problems that can arise from having a limited database. We are indeed using a quarterly
database covering a very brief period (2000:2 to 2011:3) that was characterized by
relevant delays in power plant construction. The data are in growth rates (multiplied by
100), except for interest rates, which are divided by four to be expressed on a quarterly
basis.

In relation to the prior values of the parameters that define electricity price dynamics
and the impact of this price on the economy, we chose values based on Bayesian factors
that are explained in detail below in this section (see Table 5). The rest of the parameters
are estimated using prior values used in the literature (see Table 7). For example, see
the studies by Smets and Wouters (2007), An and Schorfheide (2007), and Garcia and
Gonzalez (2014) for the case of Chile.

Although we judge the fit of the model to the data by the observed growth rates,
100A In (xPbserved) " we are interested in measuring the macroeconomic variables as
log-deviations from the steady state, (In (x°%!) — In (¥model)), where ¥m°%! is the
steady state, after a shock in the price of electricity. Equation (7) shows the connection
between the two types of variables 100A In (x2**™¢4) and (In (xModel) — In (xmodel)).
In other words, given that the model fits data, we deduce the log-deviations from the
steady state. The prior for the constant terms is the average growth rate observed in

9 Our calibration of Eq. (1) is based on the fact that 24% of imported oil is used as a direct input for
manufacturing, while the rest is used in the transport sector (Energy National Commission 2009). The
parameters of Eq. (4) were calibrated to replicate the steady state of the Chilean economy.

10 Based on data from the Central Bank of Chile.

1 “Appendix B” we present the estimation of the macroeconomic model.

@ Springer



2418 R. Agurto et al.

Table 4 Parameters associated with the impact of electric energy on the economy . Source: Authors’
calculations

Parameters Prior mean Posterior mean 90% Interval Prior dist. Prior SD
pPe 0.88 0.88 0.84 0.92 Beta 0.03
Electricity price

Growth volatility 7.00 6.79 5.55 791 invg Inf

b 2.00 2.39 2.08 2.68 Gamma 0.30
pmg_L 0.50 0.29 0.20 0.38 Beta 0.10

or, 0.05 0.05 0.03 0.06 Beta 0.01

the sample:!?

100A 1In (xtobserved> — 100 {[ln (xlmodel) —In (itmodel>]

i (s) = (57 ] comstam,.

In general, most of the values are in line with the values found in other studies using
Bayesian estimation for macroeconomic models (for instance, Garcia and Gonzélez
(2014)). Therefore, this section focuses on the parameters associated with the impact
of electric energy on the economy (see Table 4). We find that the growth rate of
electricity prices is very volatile (6.79%), although it is much lower than the growth
rate of oil prices (14.34%). Also, our prior is that the growth rate of the electricity
price is highly persistent, with an estimation of 0.88 (p?¢).13

As described in Sect. 2.1 (Eq. (4)), the parameters pmg_input ; and 6; measure the
short-term sensitivity of the demand for each input to activity and prices, respectively.
Table 7 (in “Appendix B”) and Table 5 show that the coefficients of pmg_input; are
between 0.3 and 0.7, which confirms the existence of important adjustment costs in
hiring inputs in the short term. Besides, labor demand was inelastic to real wages in
the short term (0.05), such that an increase in the energy price reduces employment in
both the short and medium terms (see Table 4). This is the result of assuming a very
low prior for the parameter 6; in labor demand and a small standard deviation for this
parameter. We obtain a similar result for the case of fuel labor demand.

Regarding the central bank’s response to inflation, the model estimations are sim-
ilar to other estimations for the Chilean economy and other countries, with a strong
response of the interest rate to inflation (¢, of 2.39). This parameter is crucial in the
study, since a negative energy price shock (electricity and/or oil) could have a second-
round effect on the economy if the central bank decided to increase the interest rate to
reduce the inflation rate.

In order to check if our priors and, therefore, the estimated values of the parameters
are better than other alternatives, we test some of our hypotheses by directly comparing

12 For the interest rate: (1/4)r,Observed =(1/4) {[r,m"del - _j| - |:rt“l°1del - F] + constant; }

13 The model also imposed a high persistence in the growth rate of oil prices; the estimation was of 0.84
(po1L), see Table 7.
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Table 5 Bayes factors . Source: Authors’ calculations

Base model Alternative model I Alternative model I  Alternative model I11

Log data density —2484.89  —2534.60 —2523.03 —2493.01
(Bayer factor BM—AM) — 49.7 38.1 8.1

Base model: high persistence prior (pPe = 0.875), low elasticity of labor demand and inertia in hiring
labor (67 = 0.05 and pmg_L = 0.5)

Alternative model: low persistence prior (o”e = 0.1), low elasticity of labor demand and inertia in hiring
labor (67 = 0.05 and pmg_L = 0.5)

Alternative model II:, medium persistence prior (o”e = 0.4), low elasticity of labor demand and inertia in
hiring labor (87, = 0.05 and pmg_L = 0.5)

Alternative model III: high persistence prior (p”e = 0.875), unity elasticity of labor demand and inertia in
hiring labor (8, = 1 and pmg_L = 1)

the following alternatives: (i) high, intermediate, and low persistence in the electricity
price; and (ii) low elasticity of labor demand with hiring inertia versus unity elasticity
of labor demand with no hiring inertia. The base model (BM) has high persistence,
low elasticity of labor demand, and hiring inertia. We define the alternative models
(AM) in Table 5. We follow Kass and Raftery (1995) in using Bayes’ factors to choose
between the different models assuming that all of them are equally likely: if the base
model has the largest marginal likelihood, then there is evidence against the alternative
models. We consider that there is positive evidence if (Bayes factor AM — BM) is
larger than one, strong evidence if it’s between one and two, and definitive evidence
if it is larger than two.

As shown in Table 5, we have substantial evidence that the best model is the base
model, that is, the model with high persistence in the electricity price, low elasticity
of labor demand, and high adjustment costs in hiring this input.

3 Macroeconomic results for the different scenarios

This study only measured the impact of delaying the construction or alternatively entry
into operation of power plants—for example, due to an increment in renewable energy
investment—assuming no other shocks occurred simultaneously. The results must
thus be interpreted using the impulse response functions, which show the trajectory
of a variable over time after an exogenous shock. According to Fig. 3, an exogenous
increase in the electricity price has a relevant and contractionary effect, especially on
GDP, private investment, consumption, and employment. The shape of the impulse
responses is standard for a negative supply shock: a contraction with higher inflation or
stagflation. However, the reaction of the inflation rate and, therefore, the central bank’s
response to increase the monetary policy interest rate are only moderate. Conversely,
a shock that reduces the price of electricity produces impulse-response functions that
have opposite forms to the images presented in Fig. 3.

Table 6 shows the simulations for eight years to for the three different macroe-
conomic scenarios (super-optimal, optimal, and baseline). These results, which were
constructed directly from the impulse response functions, highlight the relevant impact
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GDP Employment Investment

103 5 7 9 11131517 19 21 23 25 27 29 31 1 5 7 9 111315 17 19 21 23 25 27 29 31

Consumption Inflation Rate Nominal Interest Rate

35 7 9 11131517 19 21 23 25 27 29 31

an 13 5 7 9 11131517 19 21 23 25 27 29 31 13 5 7 9 11131517 19 21 23 25 27 29 31

Fig.3 Impulse response functions of a one-standard-deviation shock to electricity prices . Source: Authors’
calculations

of delaying investment in power plants on the Chilean economy. For the baseline sce-
nario, the table shows the cumulative sum of various negative shocks, which represent
delays that hit the economy over time (see Table 2). In contrast, we associate the other
two scenarios with the cumulative sum of positive shocks from the absence of delays,
that is, new power plants are entering the market at the scheduled time, thereby increas-
ing the supply of electricity and systematically decreasing energy prices in the first
period (see Table 2). Table 6 also shows the impact of actual prices on macroeconomic
variables by using the macroeconomic model. As the price decreases, influenced by the
introduction of new investments in renewable energies, all macroeconomics indicators
show positive progress in relation to the baseline scenario.

The analysis of the results in Table 6 is as follows, after eight years, the country
would lose the equivalent of two years of growth because the super-optimal scenario
did not materialize—this because the Chilean economy’s potential GDP is around 3%.
We obtain the result by comparing the difference between the super-optimal scenario
and the baseline scenario, or 6.15% = 4.72% — (—1.43%). When we compare the
optimal situation with the baseline scenario, the cumulative loss in GDP is much
lower, at only 2.75% in the same period. As shown in Table 6, the economy’s loss
is concentrated mainly in private investment. In the super-optimal scenario, private
investment increases 12.79% compared with the base case. Employment also records
a strong effect. Another key variable is consumption: under the super-optimal scenario
the cumulative rate of growth is 6.63%.

4 Conclusions and policy implications

Our main conclusion is that strong changes in the construction and operation of new
power plants have had a durable impact on the business cycle of the Chilean economy,
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mainly through the effects on GDP, investment, consumption, and employment. In
other words, although the evolution of the Chilean economy is explained by a series
of factors, we find that shocks in the energy market—excluding oil price shocks—are
important elements in explaining not only the fluctuations of the business cycle but
also in growth in the medium term.

First, under the counter factual scenario in which delays had not occurred for the
entire simulated period of thirteen years—which we call the super-optimal scenario—,
the cumulative growth rate for GDP would have been around 6.0% higher than under
the baseline scenario. Private investment is the most strongly affected variable, with
a cumulative growth rate of 12.79%. This result is relevant, considering that potential
GDP growth in Chile is approximately 3%.

Second, under the counter factual scenario in which delays do not occur from
period six onward—which we call the optimal scenario—, the cumulative growth rate
of GDP would be 2.75% higher than the baseline scenario. This last result indicates
that, ceteris paribus, the loss for the Chilean economy would be irreversible in almost
a decade due to delays in building new power plants. The important economic costs
of these delays have only been avoided thanks to the strong growth in investment in
renewable energies. In this respect, the two main forces driving the development of
renewable energies—both characteristics of the electricity market—are technological
change and greater empowerment of society, which have driven the market and its
regulation in this direction.

These results are relevant from an economic policy perspective because Chile has
been an innovator in the liberalization of the electricity market and the introduction
of competition in the sector, and a number of countries in Latin America followed
Chile’s example. The recent Chilean experience, showing the dramatic impact of
investment in the electricity sector on the economy, could help other countries improve
the competitive market reforms in their electricity markets, so as to avoid unexpected
fluctuations in the business cycle. At the same time, the impact of these fluctuations
on the economy could lead other countries to question the benefits of implementing
competitive market reforms in their electricity markets.

Finally, one of the main limitations of our study is that, because our model is based
on simulations of a stylized model, we did not consider the environmental and health
costs of building new power plants. Nevertheless, our results highlight the importance
of decisions related to the regulation and planning of the installed capacity of the
electricity system, as well as environmental and energy policy, regarding their effect
on the business cycle and economic growth.

Appendix A: Macroeconomic model

We assume a continuum of infinitely lived households indexed by i € [0, 1]. Following
Gali et al. (2007), a fraction of households, 1 — A, do not have access to capital
markets, and thus neither save nor borrow. Their level of consumption is given by
their disposable income. The remainder, (1), have access to capital markets and can
smooth consumption. The Ricardian households maximizes expected utility, and we
assume a separable utility function with habit persistence A:
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max [, i p* |:(C;)+k(i) - hC&kil(i))lﬂr X N;)+k(i)pL:| . (AD
k=0

{Er441720 — 1—0 oL
where:
ik = (CF () N2 (), BY gy (D), BY gy (D) -
Subject to the budget constraint for each period k:

Pt+kC;)+k(i) = Wt+k(i)N,0+k(i) + B;O+k(i) - SXI—&-kB;)_tk(i)

+ D2y (i) = Proi Tk — R BY iy ()

bo:kﬂ boikJrl RK -
+SX+k{d>< ! , — U ) * } B, (),
! GDPiii’ QrikKiyiyr TF) 1Tk Ik

where C/, (i) is consumption, D7, (i) are dividends from ownership of firms, ®
represents the country risk premium, where b7Y, | = SXik41B77 1/ Pryi+1, SXi4k
is the nominal exchange rate, Bt”jﬁk 1 denotes private net foreign assets, Wy (i) is the
nominal wage, N/, (i) is the supply of labor or labor force, B/, (i) is government
debt held by households, R, and R}, are the gross nominal return on domestic and
foreign assets, which is modeled as a AR(1) shock with a parameter of persistence
PR+, and T4y are lump-sum taxes. The risk premium, ®, depends on foreign debt,
the value of the investment, GDP, and a risk premium shock utRﬁ (see Schmitt-Grohé
and Uribe (2003) and Garcia and Gonzalez (2014) for details).

There are a continuum of firms indexed by j € [0, 1] that produce Ytﬁ’r +(J), by using
capital Ky (j),labor Ly (j),imported goods My (j), 0il MOIL; 44 (j), technology
A4k (j),and energy E E;(j) where A; ;1 is the stochastic discount factor and & 1 ¢
is a AR(1) shock to the quality of capital and provides a source of variation in the return
to capital with a parameter of persistence pg. Then, the objective function for the firm

1S:

o
max B A Tk () (A2)
{Kix (), Legk ()-MOIL; 11 (), EErx () } 1= k=0

where:

Yiik () = Pk Vi )+ (1= 8) & Kiie () Qrk
—Rr 14k Qr4k Kigk (J) — Wigk Ligk () — SXi4kMigic (J)
— SX 4k POIL (g MOIL; 1 (j) — PEF 4 EE 14 (j).

Additionally, we assume that there is a retailer that buys goods at price of Py, s+«
and receives a signal to optimally set a new price a la Calvo (1983).

1
— 1- —€
Prak = 00 (P main) = + (1= 0p) (PA) |77 (a3)
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where é p measures the level of indexation, (1 —6p) is the probability that a given price
can be re-optimized in any particular period, and €p is the elasticity of substitution
between any two differentiated goods. In parallel, we assume also that there are unions
that act as wage setters in the labor market and wages are staggered a la Calvo (1983),
in this case the parameters are 8,,, (1 — 6,,), and €y .

On the other hand, there are a continuum of firms indexed by ]_ € [0, 1] that produce
homogeneous capital goods and rent them to the intermediate-goods firms (the rental
market for capital stock). Firms are owned exclusively by Ricardian households and
invest the amount /;/, (j) to maximize profits.

ad _ I°( _
max {Z Atk [(Qm( - DI - f (L(’)) Itiku)” :

L, | I ()
(A4)

Kl () = (L= OK () + 1 (),

where f is the adjustment cost such that f(1) = f/(1) = 0 and f > 0. Firms that
produce capital obtain funds from intermediaries as in Gertler and Karadi (2011):

Or+k KL i1 () = Qrake Stk (). (A5)

The demand for domestic exports from foreign countries is modeled as follows.
There is a demand for each set of differentiated domestic goods, which by assumption
depends on total consumption abroad, Ctlf;c, which is considered as a AR(1) shock
in the estimations with a parameter of persistence pcps, and on the home price of

domestic goods relative to its price in the foreign country:

1-Q

Q PP, -
D D 1+ D
Xt+k = (Xt+k71) |: D :| Cl‘«:;c . (A6)

Nevertheless, we assume that in practice exports, XtD+k, respond more slowly to
real exchange rates and foreign demand. Additionally, we include natural resource
exports (commodities), the total value of these products is SX; i Pta’fk Q_c, where
P}, denotes the international price of the commodity and Q_c is production, both
variables modeled as AR(1) processes with parameters of persistence pg . and ppcu.

The central bank sets the nominal interest rate according to the following rule:

R

Q D =0 u
Rive = (Rsim)®™ (R ) e, (A7)

where:

- 1 - 2
Ry = R( z+k>¢ﬂ(YRt+k>¢y<Q,+k>§e( Orii )Ee
1+k = = = = = )
I YR ) Ortk—1
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where R is the steady-state nominal interest rate, 1,4 the gross rate of inflation,
IT the gross rate of inflation in steady state (which is one in our model), ¥ R, is
the GDP excluding natural resources, Y R is its steady-state value, Q; is the real
exchange rate, and Q is its steady state level. Note that Q;,,Q;4x, and Q_c are
different concepts. These variables correspond to the capital value, real exchange rate,
and production of commodity, respectively.

For simplicity, we assume that government expenditure follows a simple rule such
that G, depends negatively on public debt. We also assume that fiscal shock is
modeled as an AR(1) process with a parameter of persistence p¢. Finally, aggregating
over consumers and firms, the domestic equilibrium and the economy-wide budget
identity can be expressed as:

Yirk = Crpk + X2 + Grpse + I, (A8)

where:
- Ik
Tk = I [1 +f (i)} .
It+k

PriiCrak + Pk Iisk + Prsk Gk
< Pk — SXek Pl Moy

* -1 * cu (A9)
+ SXi (PR ) — SXisk By + SXik P O_c
OIL
— SX1 1k PO (MOIL, 1 + TOIL, ) .
Appendix B: Bayesian estimation
Table 7 Priors and posteriors for the other parameters of the model . Source: Authors’ calculations
Parameters Prior mean Posterior mean  90% interval Prior distribution  Prior std. distribution
2.00 2.28 1.58 294 Gamma 0.37
h 0.30 0.30 021 038 Beta 0.05
oL 1.00 1.94 1.62 225 Gamma 0.20
PG 0.50 0.46 039 054 Beta 0.05
P 0.70 0.67 0.63 0.72 Beta 0.03
PA 0.70 0.65 0.61 0.70 Beta 0.03
PR 0.85 0.83 0.80 0.87 Beta 0.03
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Table 7 continued

Parameters ~ Prior mean Posterior mean 90% interval Prior distribution  Prior std. distribution
PeDx 0.88 0.91 0.87 094 Beta 0.03
POIL 0.85 0.84 0.79 0.89 Beta 0.03
ppcu 0.85 0.86 0.82 0.90 Beta 0.03
00 ¢ 0.87 0.87 0.82 0.90 Beta 0.03
Sp 0.50 0.72 0.45 0.95 Beta 0.15
6p 0.75 0.78 0.77 0.80 Beta 0.01
Sw 0.50 0.41 029 0.54 Beta 0.15
Ow 0.75 0.74 0.73 0.76 Beta 0.01
n* 2.00 1.98 1.92 2.04 Gamma 0.05
Qg 0.70 0.92 0.89 0.94 Beta 0.10
oy 0.50 0.33 021 045 Beta 0.10

el 0.30 0.20 0.13 0.26 Beta 0.20

82 0.30 0.08 0.00 0.16 Beta 0.20
Q 0.60 0.46 0.42 0.50 Beta 0.20
A 0.70 0.74 0.68 0.80 Beta 0.05
pmg_M 0.50 0.63 0.51 0.75 Beta 0.10
pmg_K 0.50 0.46 0.34 0.60 Beta 0.10
pmg_MOIL 0.50 0.60 0.46 0.75 Beta 0.10
pmg_EE 0.50 0.67 0.53 0.82 Beta 0.10
6torr, 0.10 0.10 0.08 0.11 Beta 0.01
pmg_TOIL  0.50 0.50 0.43 057 Beta 0.05
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