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Abstract

Energy is one of the basic prerequisites for ameaty to prosper. However, the energy
crisis has turned into a concern of society atdangd the prices of energy sources are rapidly
increasing. Accordingly, a solid energy policy lh@esome fundamentally important.

Since electricity is one of the most widespreadrg@nesources, it requires special
attention. At the moment, the electricity priceliatvia is one of the lowest in the whole of
Europe. Apparently, such a situation is not sustaay yet it is hoped that the recently
initiated electricity market deregulation will rezithe rate of increase in the electricity price.

Households certainly are the most vulnerable watspect to changes in the electricity
price as compared to industrial or commercial coreys. Nevertheless, it is evident that
electricity market deregulation will not affect thessidential sector for several years.

In order to quantitatively assess the potentiadatfbf a change in the electricity price,
knowledge of its elasticity is necessary. This papehe first attempt to estimate the short-
run residential demand for electricity in Latviaor@@equently, both price and income
elasticity are computed.

Results suggest that the electricity price does sighificantly influence residential
electricity demand, at least in the short-run. @a other hand, it is estimated that in the
short-run a 1% increase in household income isceésea with a 0.28% increase in
electricity consumption.
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1. Introduction

The winged words ‘energy crisis’ are increasinglgwdng public attention, but this is not
just a trendy term. Prices of energy sources gi@lgaincreasing. While at the end of the
nineties the price of oil dropped even under 1Qad®lper barrel, today we are experiencing a
price that is at least six times higher. Likewitfge price of fossil fuels (gas and coal) is
growing at a steady rate. Even the price of firesvas rising sharply. Besides, it is
anticipated that the prices of energy sources gvdw at a rapid pace also in the upcoming
years. Under such conditions it is clear that alssergy policy is crucial for each and every
country. Latvia is not an exception.

Since electricity is one of the most widespreadesyf energy, it requires special
attention. Electricity in general is distinctive dagise it cannot be stored (at least at a
reasonable cost) and therefore has to be consuteedlly at the same moment when it is
produced. In addition, the electricity sector isall/ characterized as a natural monopoly, so
that a special regulatory body is established &vgmt abuse of the monopoly power and to
provide consumers with a service of adequate qufaita sensible price. At the same time,
the electricity sector as such and the stabilitelettricity provision in particular is vitally
important for every economy to prosper. Hence, @egision regarding the electricity market
has to be well considered and economically justifie

The European Union (EU) in 2000 decided to chatg@alicy towards the structure of
energy markets and called for rapid work to be wadten to complete the internal market in
both the electricity and gas sectors and to spgethe liberalization of these sectors. As a
result, in 2003 Directive 2003/54/EC establishingmemon rules for the generation,
transmission, distribution and supply of electyisitas passed (2003). The deregulation of the
electricity market provoked much discussion in toeintries and regions where it already
came about. That was the case, for example, inridu&reat Britain, Sweden, and Norway
(among others see Aurgk al (2004), Green and Newbery (1992), Andersson ()99%at
seems to be the case also in the other Baltic St{ate Velika and Zaldokas, 2003). In
Latvia only the first steps to liberalize the etemty market have been taken. So, since
September 1, 2005 the functions of the Transmissystem operator (TSO) are performed
by JSC Augstspriegumakls (AT), which was separated from the previousbrtically
integrated utility Latvenergo. The next step wik bo separate the Distribution system
operator (DSO) by July 1, 2007; thereby, the elatyrsector will be divided into its parts
according to their functions: generation, transmissdistribution and supply of electricity.
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In turn, competition would prevail in the generat@nd supply of electricity — parts in which
a natural monopoly is not present.

At the moment, consumers in Latvia are paying drhe lowest prices for electricity in
the whole of Europe The main reason behind this is that current priedlect the short-run
marginal costs of production and do not accountthi@ huge initial investments and the
expected reconstruction costs as Latvia has imter# magnificent energy production
capacity from the former Soviet Union (Paegle, 20@uch a situation is not sustainable;
yet, it is hoped that deregulating the electricitgrket will reduce the rate of increase in
electricity prices.

Households are certainly the most vulnerable wiBpect to changes in price as
compared to industrial or commercial consumers.ddeany decision regarding the price of
electricity has to be especially well justified wheealing with households. In order to draw
any quantitative predictions on how price increasmsdd affect the consumer surplus of end-
users, an estimate of price elasticity of the deihfan electricity is needed. However, to the
best of the authors’ knowledge, hitherto there has been any study examining the
residential electricity demand function in Latvia even in the other Baltic Stafes
Accordingly, the price elasticity of demand has heén estimated so far. Thus, in order to
fill this gap,the authorsin the scope of this study will aim to estimate the price easticity
of residential demand for electricity in Latvia. In addition, the authors will aim to obtain
the income elasticity that can be estimated alort wrice elasticity. Income elasticity -
similarly to price elasticity - can then serve s base for analyzing residential demand in
more detail.

The rest of the paper is organized as follows. Séeond part provides the background to
the study. Next, an insight into previous studigsoffered. Then a regression model is
developed throughout the fourth section. Furthectisn five describes the data. Preliminary
tests on data constitute the sixth part. Accorgintiie results are presented in the seventh
section. Sequentially, the interpretation of theutes is presented. Finally, section 9

concludes.

! Despite the fact that just recently, the Publidititts Commission (PUC) has allowed raising thectiicity
price and starting from March 1, 2006 consumer®hawpay on average approximately 6.7% more théorde
2 The only known study is that by Kalinauslaisal (2000) who estimated the Slutsky elasticity of $ehold
demand for public utilities in Lithuania to be -B12 This figure, however, in addition to electydincludes flat
rent, water, gas and other fuel (qtd. in Vi and Zaldokas, 2003, 21).
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2. Background of the Study

Before estimating the price elasticity of residehélectricity demand, electricity market
structure and the changes it is currently undegovere inspected. It has been argued that
the deregulation process could limit the meaninglasticity estimatés Thus, the authors
conducted qualitative research consisting of a remal interview$ with specialists in the
electricity market in order to examine how deregiatamight change market structure and
what effect it would bring to end-consumers of #&letty (especially households). In this
chapter an overview of the Latvian electricity nedrks presented. Secondary data is used

along with results from interviews.

2.1. Origination and Development of the Latvian Electricity Market

In this section the authors examine the developroktiite Latvian electricity market for
the last couple of years, which provides an insigta the market.

The development of the electricity market in Lathies to be described together with the
whole region of the Baltic States and Russia. Tatvian Electricity market was developed
during the forties of the last century (Latveneigomepage), when the Baltic States were
part of the Union of Soviet Socialist Republics @R. At that time, the Soviet republics
were perceived as a part of one united economycandequently the countries operated in
close cooperation with each other. Therefore, thetrcity market of one country strongly
depended on the situation in the neighbouring markéat was also the case with the Baltic
States — the whole energy system was built on tsiraicand technological efficiency,
regardless of territorial division (Sarma, 2005).

Currently, the Lithuanian Ignalina Nuclear PowearRI(INPP) alongside the Lithuanian
and Estonian Thermal Power Plants (TPPs) are tineesdor the base of electricity produced
in the Baltic States. Nevertheless, thermal andeancpower plants are highly inelastic
regarding variability of production level. On th¢her hand, Latvian Hydro Power Plants
(HPPs) are characterized by their high elasticitgg eapability of an immediate on-demand
increase in production level. Therefore, INPP aidP3 supply the Baltic region with a base

of needed electricity, while HPPs in Latvia satighgaks in demand for electricity.

% As pointed out by Stevens and Lerner, the prospieanbundled electricity services, time of usecimg and
the choice of suppliers via bilateral contractsgasy that demand elasticity derived from consunedalior in
a regulated electricity market could have limitedaming as deregulation is implemented (1996, 1).

* For a full list of interviewees refer to Appendif.
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Consequently, the electricity system in the BaBitates has been developed so that it can
transmit up to 90 - 100 % of consumed electricitpoants (Sarma, 2005). The last
characteristic strongly separates the electricigrkats of the Baltic States from the rest of
Europe, as cross-border congestion is a commonlgmom most EU countriés(Bariss,
2005). Non-existent cross-border congestion inlthtvian electricity market and its close
cooperation with the other Baltic States and Ruasgathe main reasons why deregulation
will not have the same effects as in Western mar{&ariss, 2005).

The development of the electricity markets of thedtiB States explains the electricity
balance of the Latvian market. In the next sectithe authors examine this electricity

balance.

2.2. Electricity Balance

In general, the sources of electrical power supptythree HPPs, two Combined Heat and
Power Plants (CHPPs), a number of independent pevdu and imports. Independent
producers and CHPPs have supplied a constant ambetectricity over the last couple of
years. Changes in the level of the other two sayragmports and HPPs, have a strong
interrelation because electricity generated in HEEpends on the water level in the
Daugava, whereas electricity demand that is uristidy local production is imported.
Imports on average account for 30% of electricitynsumed. Meanwhile, 90% of
domestically generated electricity is produced bg former state monopoly Latvenergo
(Latvenergo Homepagd®)

Figure 1 shows that the level of domestically pamtl electricity does not have any
stable trend since 1990. More than 60% of eletyrimioduced at Latvenergo is generated by
HPPs, which are strongly dependent on weather tondiin the particular period (Bariss,
2005). Similarly, electricity produced at CHPPs elmis on the temperature, because

electricity is a byproduct of the generation ofthea

® In essence, deregulation in EU countries was imgds reduce excess capacities, which in turn chosess-
border congestion.
® For a more detailed overview of the Latvenergateiity balance for 2004 see Appendix 1.
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Electricity Balance
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Figure 1. Electricity balance of Latvia
Source: CSB, own calculations

2.3. Consumption

Figure 1 shows that at the beginning of the nisete consumption of electricity sharply
decreased. This decrease was after Latvia gais@adépendence, and consequently an over-
orientation of the economy characterized by a &lkbin a heavy production took place. If
one takes a look at Figure 2, then the same pigieneails — the consumption for production
needs experienced the biggest decrease in thedpfam 1990 till 1993. Similarly, the
agricultural sector experienced a huge restruayunnthe early nineties, when the whole
system of collective farming became inefficient aadtput in the sector significantly

decreased.
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Consumption by sectors
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Figure 2. Electricity consumption by sectors
Source: CSB, own calculations

Even though electricity consumption for the neetisnbabitants (residential demand)
showed a slight decrease in 1992, in the last @ettasl sector has experienced the most rapid
and stable increase, which has been driven byvkeab increase in standards of living and

an increase in the capital stock of electric apyoiés.

2.4. Electricity Market Deregulation

In the previous section the authors touched upean Historical development of the
Latvian electricity market. However, contemporatitye market is undergoing deregulation,
which might significantly change the market struetand ultimately have a strong effect on
the end-consumer. As already stressed, the detagularocess cannot be overlooked and
has to be examined.

According to Damsgaard, the electricity market barcharacterized as consisting of four
vertically separate parts: production/generatiomndmission, distribution, and supply/retail
(2003). In the past, these four functions were e@was best performed in vertically
integrated companies, but recently there has bemsensus that the generation and supply
parts can function as competitive markets, whike tivo other parts are viewed as natural
monopolies in which competition actually is notyeesirable from the standpoint of society

as a whole.
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Unlike most of the deregulated electricity markigtgshe EU, Latvia is only taking the
first steps in the field of bilateral agreementsurr@€ntly, only eligible consumers in Latvia
(which are the biggest industrial producers) caelir choose a supplier of electricity, while
after 2007 all electricity consumers will have thght to participate in the agreement market.

When comparing the two different market structubesore and after 2007, there will be
no tied consumers after 2007. Additionally, eachstmner will have a choice — whether to
continue to buy regulated bundles from the DSQpquatrticipate in the agreement market. At
the same time consumers will have to pay the TSQde of the network.

Until this point, Latvia has not experienced anyivay in the market for bilateral
agreements (Bariss, 2005). The market did not achéegause Latvenergo can offer a lower
price than any competitor — Latvenergo importstelaty for the lowest prices because it can
offer the supplier a contract for larger amountsoimpared to a local industrial consumer of
electricity.

Similarly, it is expected that after 2007, when @hsumers will have the possibility to
choose a supplier of electricity, residential canets will continue to buy bundled electricity
products offered by Latvenergo (Sarma, 2005). Reagar this situation are similar as with
large industrial consumers: the ability of Latvegeeto offer cheaper bundled electricity and
consumers’ unwillingness to bear the costs of figdhe most suitable supplier. In general,
the electricity market is relatively small from batides: consumers and suppliers. Thus, it is
expected that no liquid market for bilateral agreata will evolve even in the context of the
unified market of the Baltic States.

Accordingly, the authors expect that during thetneouple of years there will be no
significant structural change in the electricity rket, and especially regarding residential
consumers. Therefore, estimates such as pricecghastf residential electricity demand and
income elasticity, that are obtained using histateta, can be used to predict future

development.

3. Review of Literature

Income and price elasticity of electricity demaras bbeen studied rather extensively. The
reason is that both income and price elasticityesas a solid base for designing present and
future energy policy. Moreover, by using income anide elasticity it is possible to project

demand growth for electricity.
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The core articles in the area go back even to énky €950s. Most studies of residential
electricity demand were conducted during the 1941 early 1980s, when energy prices
were rising rapidly.

The literature in general differs in the followindimension& the sector covered
(residential, industrial, or commercial sector)e tthata used (national-level aggregate data
versus regional-level data obtained mainly fronfedént kinds of survey), the elasticity
examined (price elasticity versus income elasficignd the nature of elasticity (short-run
elasticity versus long-run elasticity). The authmgsognize that not all the studies fall in the
categories mentioned above; rather, such a growgbiogld serve as a guide for the reader.

Taking into account the limitations of this thedise authors will first try to give an
overview of the so-called classic studies of eleityr demand as such, and then touch upon
studies examining the price and income elasticityresidential electricity demand in
developing countries (which Latvia belongs to). Sdstudies are of particular interest for the
authors because they serve as a departure poithigioresearch.

The pioneer in studying and modelling demand fecteicity thoroughly was Houthakker
(1951). His contribution has been recognized akt@eledged by other scholars in the field
and therefore his empirical study from time to tirmeeferred to as the classic (e.g. Taylor,
1975, 75; Dubin, 1984, 345). The focus of Houthalskstudy was on residential electricity
consumption in the United Kingdom. By setting upe tliouble-logarithmic model,
Houthakker obtained an income elasticity of eledyidemand of 1.17 and price elasticity of
electricity demand of -0.89. He was the one who ro@mced the discussion of using a
marginal price rather than an average price indleetricity demand function. However,
Houthakker did not distinguish between short-rud lmg-run elasticity.

The first to distinguish between short-run and loag elasticity were Fisher and Kaysen
(1962). The short-run was defined by the condittaat electricity-consuming capital stock is
fixed, while in the long-run the stock appliances #exible. The study of Fisher and Kaysen
(1962) was one of the earliest authoritative attsnp form an electricity demand model in
the United States. Nevertheless, it has also beerobthe most ambitious and controversial
(Taylor, 1975, 84). Fisher and Kaysen (1962) edtuohaesidential and industrial electricity
demand using a data set that consisted of obsengafor 47 states (from 1946 to 1957).

They suggested a two-stage model. Dem&nyif the short-run (the first stage) was said to

" The authors disregard differences in the spetiéina and functional forms of the models due tdrthiast
variety.
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depend on the average appliance stock during thedpe (K;) and the utilization rate of
appliance stocku):

D, =u *K, =u (Y, R)* K, 1)
whereu; in turn depends on the average price of electrenity per capita personal incofrie
In estimating long-run demand (the second stagsiieF and Kaysen tried to find the factors
which affect the capital stock. In essence, theyragsed the growth rate in the appliance
stock on such variables as income, price of el@ttrand gas, population, marriages (!),
number of houses wired for electricity, and oth@itse estimated price and income elasticity
led them to meaningful conclusions about the a@ttrmarket in the United States.

Houthakkeret al (1974) was one of the first to examine short-ruitep elasticity of
electricity demand in more detail. Houthakletral estimated residential electricity demand
using pooled time series annual data for the y286® to 1971 from different states in the
United States. In the analysis they used the fldiusiment model of demand, developed by
Houthakker and Taylor (1970), in which the stockeokrgy-using capital is assumed to be
fixed over the short run, so that its utilizatiamdonsequently assumed to be a function of
normal economic influences.

Credit should be given also to Barreesl (1980). They attempted to estimate residential
short-run price and income elasticity based on onitata from the United States. Barekal
developed a model of short-run electricity demarhictv incorporated a fixed configuration
for a household’s stock of electrical applianced damographic profile, and also explicitly
treated the multi-part nature of electricity rateusture (1980). It was the first attempt to
analyze micro data combining “specific rate infotim, a broad geographic focus, and
substantial sample variation in the important deteants of electricity demand” (Barnes
al, 1980, 541). Moreover, they analyzed not onlyltetactricity consumption, but also the
distribution of consumption over different end-ussgegories (e.g. heating, cooling). This
overall resulted in new evidence on electricity dach parameters. They concluded that the
overall response of a household is made up of aplmset of responses which varies
significantly across appliances.

While there have been quite many studies of e®gtrdemand in developed countries
(especially in the United States), rather few hbagen conducted in developing economies.
Diabi (1998) in his study used cross-sectionalaegi data covering a period from 1980 to
1992 in order to obtain the short-run and long+puce and income elasticity of demand for

electricity in Saudi Arabia. Diabi did not distingb between classes of customers but rather
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estimated the total demand for electricity in Saludibia. He developed a standard electricity
demand function including not so frequently usedaldes as urbanization rate and also
temperature. Overall, the empirical results suggestat the demand for electricity in Saudi
Arabia is price- and income-inelastic. A more iesting conclusion drawn by Diabi was that
the influence of urbanization on electricity consion is clearly larger than that of real

income.

Holtedahl and Joutz (2000) went even further thaabDand modified the model
developed by Fisher and Kaysen to take accoutteofetatures of developing countries. They
proposed an alternative means for conditioning cehan the capital stock. Holtedahl and
Joutz claimed that “the degree of urbanization ie@sonable proxy for electricity-using
equipment since cities are electrified sooner thaal areas and are on the forefront of
adopting modern household appliance” (2000, 4).yTéeamined residential demand for
electricity in Taiwan as a function of the price aéctricity, household income, population
growth, and the degree of urbanization. Short-rad &ong-run effects were separated
through the use of an error correction model. Assallt, Holtedahl and Joutz found that in
the long-run income elasticity is unitarily elastichile price elasticity is negative and
inelastic. The short-run estimates were smallen tha long-run effects.

Another study examining electricity demand in a eleping economy was that of
Politukha (2002). Politukha estimated the price emedme elasticity of short-run demand for
electricity, distinguishing between residential andlustrial demand. The situation in Ukraine
at the time of Politukha’s research was similathi® present situation in Latvia. Ukraine had
one of the lowest tariffs for electricity, the basfeelectricity producing units was inherited
from the Soviet Union (including Chernobyl nucl@awer station), and an increase in tariffs
was inevitably approaching. The results were olethusing a demand function developed by
Hsiao and Mountain (1985) as the base and adjudtifay Ukraine-specific factors. The
results proved to be consistent and showed thdit inolustrial and residential demand for
electricity is inelastic, at least in the short-run

This condensed review of literature would not benplete if the authors left out the
much-discussed issue as to whether the margira@ prithe average price should be used as
an explanatory variable in estimating demand fecteicity. Many studies have been devoted
to arguing for and against each of these prices Kouthakker 1951; Houthakketral 1974;
Taylor 1975; Smith 1980). However, most economiistisrested in electricity demand have
concluded that it is the marginal price, and na #Hverage price, which determines the

amount of consumed electricity (Diabi, 1998, 16nhdegr a declining block-rate schedule
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when the price of electricity depends on the amarorisumed, the difference between
marginal and the average prices can be quite ladfigavever, although economic theory
would dictate the use of the marginal price, therage price is often the only price measure
available. Even more, there is some behaviouraleeme that householders do not notice
marginal prices and rather respond to average $rite the scope of this study it is also
important to note that the use of the average psigestifiable for estimating price elasticity

from aggregate data as argued by Foster and Beadityin Diabi, 1998, 16).

4. TheMod€

In its fundamental nature, economic theory suggélsés household demand for a
commodity is a function of the costs of availabmmenodities (and/or services) and of
household income (Anderson, 1973, 528). Howevee, simould be careful when trying to
define the demand function for electricity becatimedemand for electricity itself is derived.
Electricity provides the energy input for electaigpliances, which in turn are used to satisfy
demand for light, a warm house, cooked food, hotewydelevision, and so on. In other
words, electricity does not yield utility in and aéelf, but rather is desired as an input in
other processes or activities that do yield uti{ifaylor, 1975, 80). Therefore the demand for
electricity is a derived demahdConsequently, the demand for electricity is alspendent
on the costs of alternative energy sources whichbsaused in order to satisfy demand for
output of the processes in question. These enenggas are mainly gas and coal in the case
of households. The cost of oil and thermal enettgyugh, are factors to consider as well.

However, before setting up the base model the asithelieve it is worth devoting a few
sentences to elaborating on the difference betwkert-run and long-run electricity demand.
As already mentioned, electricity demand is a detidemand. In essence, it is dependent on
the stock of electrical appliances and the utiloratrate of this stock. Because electrical
appliances by nature are durable goods, it is itapbrto distinguish between short-run
demand for electricity and long-run demand. Shontwith respect to electricity demand in
general is defined by the condition that the stofcklectrical appliances is fixed, while in the
long-run the appliance stock is assumed to be blari@aylor, 1975, 80). Therefore, in the

short-run the demand for electricity can be seearigsg from a choice of the utilization rate

8 For a thorough discussion of behavioral factofeié@mcing households’ response to the price, refeBtern
(1984).

° Later in this work the authors will still use theore convenient “demand for electricity”, thougheging in
mind that in essence it is a derived demand.
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of the fixed stock of electrical appliances, whereathe long-run the demand for electricity

is dependent on the capital stock itself (ibid,.80)

4.1. TheBase Modd

As discussed by Berndt, there are two principalregghes in modelling electricity
demand: (1) econometric models of electricity deghavith equipment stocks included
explicitly and (2) econometric models of electricity demarith vwquipment stocks included
indirectly (1991, 312-320). Both methods have their proscams. The first approach suffers
from the disadvantage of requiring data on equigmseacks, which is not always available.
On the other hand, by including equipment stocldiréctly it is no longer possible to
distinguish observed changes in electricity dembetiveen that coming from shifts in
equipment stocks and that coming from shifts in ulikzation rate. Therefore, the second
approach is more applicable in estimating longdamand for electricity when capital stock
is not fixed. Since this study is concerned wittineating short-run effects on electricity
demand from changes in its determinants, the asitthecided to use the econometric model
of electricity demand with equipment stocks incldiggplicitly.

One of the first models of short-run demand forckleity with the stock of electric
appliances included explicitly is due to Fisher &ad/sen (briefly discussed already in the
previous chapter). This model has served as the fmasa number of researches and this
study will not be an exception. Besides, valuabbenments on their model have been
provided also by Taylor (1975, 80-83). So, follagiiFisher and Kaysen, and Taylor the
authors denote the amount of electricity consumedthie short-run at time by D..
Furthermore, denote bW\, the average aggregate electrical appliance stdckne t
measured in units of kilowatts per hour the stoek @otentially use. And denote the
utilization rate of this equipment stock by Then the amount of electricity consumed can be
expressed as

D, =u, *W.. 2
Since the capital stock is fixed in the short-rgpecifying demand for electricity in the
framework of this study is reduced to specifying fanctional form ofu. In essence, the
utilization rate is assumed to depend upon theemfelectricity PE;), the level of household
income {;) and other economic, social, or demographic factbiat might be relevant
(Taylor, 1975, 81). If the latter is denoted&ythen (2) can be rewritten as
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D, =u,(PE,,Y,,Z,)*W,. 3)
Furthermore, let us assume thaits given by
Uu=a,+a,*PE +a,*Y, +a;*Z,. (4)
Consequently, the short run demand for electricaty be expressed as
D, =(ay+a,*PE, +a,*Y, +a;* Z,)*W.. (5)
As a result, the residential demand for electricgtyjormulated as the function of electricity
price, household income, and other factors whicghinbe relevant while holding the stock
of electric appliances fixed. Therefore,
D, = f(PE,,Y,,Z,,W,). (6)
Holtedahl and Joutz, on the other hand, as alreshtioned proposed an alternative because
of “the problem of correctly capturing electricitaging capital stock (..) when working with
developing countries” (2000, 4). They introduced tlegree of urbanization as the proxy for
electrical appliances. If this proxy is denotedDy;, then (6) virtually becomes
D, = f(PE,,Y,,Z,,DU,). (7)
However, preliminary research revealed that in ¢hse of Latvia obtaining the degree of
urbanization on a monthly basis is troublesome.ddethe authors decided to stick to the
demand function specified in equation (6) and heeatvailable data on the stock of electrical
appliances.

Accordingly, in setting up the econometric model fesidential electricity demand the
authors should start with the base model which iegoyply follows from the discussion above,
that is,

D,=C+a,*PE, +a,*Y, +a,*Z, +a,*W, +¢,, 8)

wherec is a constant ang is a random error term.

4.2. The Augmented Model

While three of the independent variables in equaf{®) have been defined and argued
previously, the authors have remained silent ontvena the other economic, social and
demographic factorsZ{) which might be relevant in the scope of estintatiesidential
demand for electricity in Latvia. These factorslwg discussed in this sub-section.

As already discussed before, the prices of enanfygtdutes certainly should be included

as determinants of electricity demand. Definitehg price of natural gas has been used the
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most in previous studies starting with the earlgssic of Houthakker (1951). Being an
important determinant of electricity demand, thegof gas was also included in the model
considered in this study. Thermal energy (i.e. ingatalso serves as a good substitute for
electricity although its price has previously begsed less than the price of gas when
estimating residential demand for electricity. IStle authors believe that excluding the price
of thermal energy would lead to less reliable rsstilan including it, and therefore decided
to include it in the final model. Furthermore, t#wathors are confident that the price of solid
fuel in the case of Latvia is an important variableexplaining variations in electricity
demand, although it has been used quite rarelyé&¢éog. Anderson, 1973). Solid fuel serves
as a substitute for electricity, especially in t#twuntryside where about one third of the
inhabitants of Latvia are living (32% as at thetsté 2005, Central Statistics Bureau).

The authors used the average prices of electrdeityits substitutes rather than marginal
prices, keeping in mind their validity, at leasttire scope of this studfy This choice to a
large extent was dictated by limitations of datecduse marginal prices were not available
for all the variables and the whole time-span uraersideration. The authors are aware of
the fact that short-run elasticity estimates olgdinising average price as the explanatory
variable tend to be larger than those using marginees. This was proved by Espey J. and
M. Espey in their recent study in which they cafr@ut a meta-analysis “to quantitatively
summarize previous studies of residential ele¢yridemand in order to determine if there are
factors that systematically affect estimated etésts” (2004, 65). While they found that the
choice of price matters when estimating short-rdasteity estimates, no significant
difference was discovered between long-run estisnatgoss studies using marginal price
and average price (ibid, 73). Therefore, the agttammit that elasticity estimates obtained
could be higher than those prevailing in real life.

Additionally, the authors allowed households touatljfor changes in the price of
electricity and its substitutes with a plausiblesttperiod (i.e. quarter) lag (similar to, e.g.,
Politukha, 2002). A quarter is a reasonable tinaenf for a household to change its habits
and conventions especially when holding fixed ttels of electrical appliances. Finally,
income and prices of electricity and its substdukere deflated by the consumer price index
(CPI) in order to express them in real terms.

The authors also introduced an independent variabdecount for clear seasonal factors
influencing household electricity consumption, whis particularly important when dealing

10 As discussed in the previous chapter.
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with data which is observed more frequently thanamnannual basis. There have been
various approaches employed in previous studiedeatricity demand. One way to go is to
include some measure of temperature. Temperatuggisally presented as the number of
degree days (e.g. Wilson, 1971) or as the meanaestnpe for the period of interest (e.g.
Anderson, 1973). Another option is to include aitheak and off-peak dummy variables or
guarterly dummy variables (see, for instance, Akarad Stern, 2001, and Politukha, 2002).
However, the authors believe that introducing cerrtdummy variables would not be
sufficient to account for seasonality in respectha$ study, in which monthly data are used.
Therefore, it was decided to include average mgrtdthperature as an independent variable
in the model. Nevertheless, due to possible estimaroblem&® the authors also constructed
a daylight variable expressed as the average nuaibemutes per day in each month when
the sun is up. Accordingly, these two variables evased interchangeably in estimating
electricity demand.

To end with, it is assumed that household stoclelettrical appliances consists of
refrigerators, TV sets, vacuum cleaners, washinghmas, and microwave ovens. Imposing
this restriction was driven by the availabilityddta.

Consequently, the final model of residential demfamablectricity to be estimatétis:

D,=C+a,*PE ;+a,*Y, +a;* B, s +a,*W,, +a;*Temp, + ¢, (9)

where

t=1998:1, 1998:2, (...), 2005:9;

i = i-th fuel: gas, solid fuel, thermal energy;

] = j-th electric appliance: refrigerator, TV setcuam cleaner, washing machine,

microwave oven;

D = electricity consumption by all households peritzaguring period;

P; = the real average price of electricity in pertpd

Y: = the real per capita household income in petjod

Pi 1= the real average price of the i-th fuel in peripd

W, = the average stock of j-th electric appliances (@€ Households in period t;

Temp; = the average air temperature in petiod

& = the random error term.

™ If demand is estimated using the convenient deldgdunctional form, then the observations of temsure
which is below zero are not suitable.
2 The coefficient estimates are obtained using thir@ry Least Squares regression procedure.
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Coefficientsa; anda, will be of particular interest because they will tged to calculate

price and income elasticity. In order to calculalasticity, the authors use the conventional

formula™
=P A4 (10)
q Ap
Since the estimated coefficiemtnherently isAg/Ap, equation (10) becomes
&= Py a. (12)
q

Similarly to Houthakker and Taylor (1970), elagyicestimates are computed at the mean

values of the period.

4.3. Hypothesis

To sum up expectations regarding coefficients dependent variables (as transformed
to elasticity estimates) and their signs, the awstippopose the following two hypotheses:
H1: the own-price price effect of electricity is negatiinelastic, and is close to z&o
H2: higher income is expected to increase electricdipsomption since electricity is a

normal good.

5. Description of Data

In the previous part the authors developed the im@dele in this section the dataset is
introduced and the main variables of interest ascdbed. Recognition of past trends in the
development of those economic variables can hetlipannterpretation of results.

The dataset consists of 93 observations — montty fbr the period from January 1998
to September 2005. The necessary data were cadléce different types of sources and in
this section the authors will describe what measwrere used and what kind of adjustments
were made.

The dependent variable of the model is houselwolisumption of electricity, also
referred to as residential demand for electricBince on a monthly basis this data is not

publicly available, obtaining it was troublesomeowiever, finally data on monthly

13 See Varian (1993, 266).
1% Therefore, obtaining a non-significant coefficient the electricity price is possible. However, toefficient
should be at least consistent, i.e., negative.
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consumption of electricity was provided by Latvegeeras they have shown interest in the
results of this thestd The data consisted of an aggregate consumptigided by groups of
consumers. The authors took the aggregate consumipyi households and divided it by the
number of inhabitants in Latvia to obtain monthtyukehold consumption of electricity per
capita in KWh — this measure was ultimately usethi regressions. The monthly data on
population was collected from CSB’s monthly issuHse authors chose residential demand
per capita because electricity consumption depemdshe number of consumers, thus
regression results with aggregate data would notvstine real explanatory power of the

independent variables.

Residential electricity consumption per capita, KWh
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Figure 3. Residential electricity consumption per capita
Source: Latvenergo, CSB, own calculations

Residential electricity consumption per capita edsestrong seasonal trends (see Figure
3), but on average it is increasing — consumptioa given period on average is higher than it
was in the respective month a year ago. Seasompalitgrns could be affected by a fraction of
the dark time in the day when electricity is used deneration of light. Additionally, the
shortest days are during the coldest days of wiwtegn some households use electricity to
heat up their homes. Therefore, one would expeat tesidential demand for electricity
shows strong seasonality effects.

The price of electricity was obtained by adjusting the nominal price otteleity over
the period for inflation as expressed by CPI.

> However, due to confidentiality issues the autfttrsiot report a full set of data.
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Real electricity price, LVL/100 KWh
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Figure 4. Real electricity price
Source: CSB, own calculations

Since the electricity price is regulated, the edattricity price mostly changes because of
inflationary effects, whereas the rapid increasthatstart of 2004 comes from the increased
regulated nominal price — an increase in tarifée(Bigure 4).

Along with the price of electricity, the prices pbtential electricity substitutes, namely
gas, thermal energy andsolid fuel, were collected. Since prices were available iminal
values, the authors adjusted values for inflatidentically as for the price of electricity. For
historical development of the real price of gastimg, and solid fuel refer to Appendix 3.

Obtaining data on the income of households in laaproved to be problematic because
this is available only on a yearly basis when ti&Gnakes a comprehensive survey about
household budgets. Instead, the authors foundttigatnost suitable proxy for measure of
income is net wage. It is believed that in Latviaig fraction of household income comes
from the “shadow economy” (income that is not retiéel in official statistics). Since data on
residential income is based on the survey, theoasitirgue that this data would also exclude
the part of household income that comes from thedsw economy”. Therefore, while both
types of income are growing at a similar pace,wa&ge can be used as a good proxy for
residential income. Similarly as with prices, netge was adjusted for accumulated inflation
since January 1998 to obtain the net real wageghwimieasures the real purchasing power of
households.

The real wage reveals seasonal patterns (see Fayureaching maximum values at the

end of the year, when workers receive additionalises.
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Neto real wage, LVL
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Figureb5. Net real wage
Source: CSB, own calculations

The authors also collected data on monthly avetegeerature. The data was for Riga.
Since one-third of the population of the countmes in Riga and the city is located in the
middle of Latvia, the authors argue that this isetter measure than average temperature in
Latvia.

To capture seasonal trends, the authors also cetestiran alternative measurdaylight
- the number of minutes in a day (on average inoath) when the sun is up. This measure
changes along with the seasons, so that includiegdaylight measure in the regression
should capture seasonal patterns in consumptiosleafricity, increasing the explanatory
precision of other variables.

The data abourefrigerators, microwaves, televison sets, vacuum cleaners and

washing machines was collected from the CSB.

These were the variables to be used in the regressin the next section, the authors
continue with tests to see whether times series hacessary attributes to be included in the

regressions.
6. Preliminary Testsof Variables
In the previous section, the authors describethallvariables, but before any time series

can be regressed against one another, tests negainéi characteristics of the series have to

be conducted.
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6.1. Stationarity

An almost indispensable prerequisite for the tirages is a stationarity. Therefore, any
time series has to be tested against stationavitgre the time series is said to be stationary
when “probability distribution does not change otrnere” (Stock and Watson, 2003, 447).

The authors used the Augmented Dickey-Fuller TestNon-Stationarity, where the
number of lags to be used in the test was calailasing Bayes Information Criterith If
all the time series for the model turn out to be-stationary and the time series are co-
integrated, then no adjustments to the dataseteressary. In contrast, if some variables are
stationary and some are non-stationary, then eéifiegs between variables have to be taken
and again tested for stationarity.

Augmented Dickey-Fuller Tests for Non-Stationashowed that the only stationary time
series is the dependent variable, residential ddrf@relectricity’. When the time trend was
included in the te$!, the electricity consumption series were statiprera 5% significance
level. All other variables were far from a 10% sfgance level. As all variables except for
one were non-stationary, differences of the vahassto be taker.

The authors generated a new time series, wheneathe at period represented a change
in value between the two periodgndt-1. The new time series again had to be tested dgains
stationarity and the tests showed that all var@bkxcept for most measures of stock
appliances, turned out to be stationary (see ApmpeBil Non-stationary time series of
differences were for fridges, vacuum cleaners, washachines and microwaves; only the
time series of differences of TVs turned out tcstaionary.

To summarize, the nominal values of the measuresifsgd in the model could not be
used in the regressions, as some of the seriesneearstationary. In contrast, testing the time
series of differences revealed that four of thels@ppliance measures were non-stationary
and all others were difference stationary. In thgtrsection, the authors will test for another

important characteristic - correlation.

1% For an excerpt of the results see Appendix 6.a&description of the Bayes information criterioafer to
Stock and Watson (2003, 453)

" For a summary of Dickey-Fuller Tests for the maaniables see Appendix 5.

181t is plausible to assume that consumption pastérave a time trend - see the previous sectiohetata
description for a graph plotting the consumptiorelekctricity over time.

¥ The theory would suggest using the logarithmiccfiomal form of the model, but as some of the labaric
time series turned out to be non-stationary andlifierences of logarithms are harder to interpttet, authors
decided to reject the logarithmic functional form.
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6.2. Correlation Tests

In the previous section, the authors found out fitwah five measures of stock appliances
only data on TVs was difference stationary, whileeos were difference non-stationary. This
suggests that the measures of fridges, vacuumarigawashing machines and microwaves
cannot be used in the regression. In order to eeerhuch of the information (explanatory
power) might be lost with the exclusion of the fdime series, the authors conducted

correlation tests between the stock appliancesTabke 1).

tv fridges vacclean washmach microw~e

|
_____________ Mmoo
tv | 1.0000
fridges | 0.9312 1.0000
vacclean | 0.9264 0.9843 1.0000
washmach | 0.9308 0.9771 0.9553 1.0000
microwave | 0.9446 0.9682 0.9703 0.9392 1.0000

Table 1. Correlation between the stocks of electric appkanc
Source: STATA output

The correlation table shows that all measuresawksappliances are correlated for more than

90%, which implies that by including only TVs, df five stock appliance measures, in the

final regression the authors would not lose thdaatory power of stock appliances.
Because of the problems that correlation causesatithors tested difference stationary

independent variables for the correlation (see & akpl

| d_pele~r d_pgas d_psol~1 d_pthe~n d_tv d_income d_dayl~t
_____________ o o
d_pelectr| 1.0000
d_pgas| 0.0542 1.0000
d_psolidfuel| 0.0488 0.2849 1.0000
d_pthermalen| 0.0740 0.1719 0.0386 1.0000
d_tv| -0.0815 -0.0578 0.1932 0.0999 1.0000
d_income| -0.2909 0.2705 0.0595 0.0617 0.0508 1.0000
. d_daylight| -0.0376 -0.2029 -0.2649 -0.2658 0.0069 -0.0266 1.0000

Table 2. Correlation matrix
Source: STATA output

None of the tested time series were correlatednfore than 30%. If the temperature
variable is used instead of the daylight variallethe correlation matrix, then the only

correlation over 30% is between the temperaturetlaagrice of thermal energy (corr. coef.
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= -0.3639); an outcome that can be explained bylsitogic. Consequently, and taking into
account that temperature and daylight are stroogiselated for both nominal and difference
time series (a correlation of 86% and 44% respelsfiythe authors decided to use only one

of the two measures in the final regression, nanagaylight.

6.3. Multicollinearity

The final regression equation was tested also folticollinearity. To see if there is
multicollinearity, the authors followed Hamilton cdirexamined Variance Inflation Factors
(2004, 166). The test showed that the sample umd@sideration does not exhibit

multicollinearity (for results please refer to Apykx 7).

To sum up, after the tests the authors decidedaathe time series of differences in the
regressions, to use only the TV variable to accéomthe stock of electrical appliances, and

to keep only one of the measures of seasonalityeha the daylight variable.

7. Results

7.1. Inspection of Relationship

Before providing results of the regression, thénarg examine two relationships of main
interest: the relationship between electricity @riand electricity consumption, and the
relationship between household income and eletstricinsumption.

Figure 6 plots the price of electricity against seiold consumption of electricity. The
plotted line shows a negative relationship — amgase in price is accompanied by a decrease
in consumption. In contrast, high diffusion is asuk of strong seasonality patterns in

consumption and rare changes in price.
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Figure 6. Electricity price against electricity consumption
Source: STATA output

A different relationship is observed between incaame consumption of electricity (see

Figure 7) - an increase in income is accompaniedrnbiycrease in consumption.
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Figure 7. Household income against electricity consumption
Source: STATA output
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7.2. Regression Results

Taking into account the limitations imposed by freliminary tests, regression equation
(9) was estimated. Unfortunately, it turned out tha price of solid fuel does not determine
electricity consumption as was expected by theaathlo repeat, it was expected that the
price of solid fuel would influence electricity ceumption since a relatively large proportion
of households in Latvia are located in the coumdeg/swhere potentially solid fuel is a close
substitute for electricity. However, the coeffidi@m the price of solid fuel was insignificant
independent of either the temperature or the dalyNgriable being used as a factor that
controls for seasonality. Intuitively, the reasoshimd this kind of result could be that in
general households actually do not choose betwelah fsiel and electricity but rather are
concerned with the choice between solid fuel arch nergy sources as gas. Accordingly,
the price of solid fuel was dropped from the elettir demand equation.

Furthermore, the preliminary regressions yieldedraignificant coefficient on average
temperature. Instead, as argued before, the autisex$ the daylight variable to account for
seasonality in electricity demand. Consequentlg, éktimated residential electricity demand

equation is (standard errors in parenthéSis)

AD, =-039- 310* APE,_, + 011* AY, + 4458* APG,_, + 627* APTE,_, + 082* ATV, — 0.016* ADL,
(0.52) (6.44) (0.05)  (34.05) (3.65) (1.38) (0.003)

Before turning to interpretation of the regressioefficients, a few words have to be said
about insignificant variables included in the estied residential electricity demand
equation.

First, the price of natural gas is significant oalya 20% significance level. However,
being the closest substitute for electricity (askefor households), the price of natural gas has
been an important determinant of electricity dememchost previous studies. Accordingly,
the authors here also decided to include it ineleetricity demand equation, although it is
significant only at a 20% significance level.

The coefficient on the stock of TV-sets turned toube insignificant. However, theory (as
discussed before) postulates that electricity dehamependent upon the stock of electrical

appliances. Moreover, the exclusion of TV-sets fittn regression changed the coefficients

% The regression was estimated using the Ordinaast_8quares regression approach. For STATA output
please refer to Appendix 3.
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of interest. Therefore, TV-sets - although insigmaift - are included to control for the stock
of electrical appliances.

Because of the scope of this study, the authormsotl@oncentrate on the interpretation of
explanatory variables other than the price of el@tt and income. However, a superficial
inspection shows that estimates are in generahéwith economic theory. Estimates of the
price of gas and solid fuel are positive, whichtunn means that cross-price elasticity is
positive. This shows that electricity and naturak or equivalently, thermal energy) are
substitutes. The sign of the coefficient on TV-gstpositive, meaning that an increase in the
stock of TV-sets should be reflected by an increassgectricity consumption. However, this
is not necessarily true because the coefficient\grsets was insignificant. Finally, the sign
on the daylight measure is also consistent witlpknogic — the longer the period when the
sun is up, the lower the electricity demand.

If turning to the variables of main interest, ttie results in general are as expected, and
both proposed hypotheses can be accepted. The giriegectricity turned out to be an
insignificant determinant of residential electiycidemand. However, the sign of the
coefficient on electricity price is consistent, iieis negative. The coefficient on the income

variable, on the other hand, is significant at 5%.

8. Interpretation of Results

At this point, the authors stress once again tliféérdnces of values were used in the
regression. Therefore, a coefficient on a measwess the effect that an increase/decrease in
a change in values over periods (change rate)nflegendent variables would have on the
change in the dependent variable, holding all o#fffacts constant. The intuition behind the
coefficients of the regression is rather confuSinigence the authors turn to the main purpose
of the research - estimation of price elasticitglgictricity demand and income elasticity.

To repeat, price elasticity measures a percentagege in demand from a 1% increase in
the price of the good. The authors calculated tinee elasticity of electricity demand using
average values (means) of the price of electriaityg consumption for the observed period
since Jan 1998. The short-run price elasticityesfdential electricity demand thué’s

2L The authors here do not explain how a changednaage of the regressor influences change in agehah
the regressed.

22 Calculation of price elasticity is made only fapresentative purposes. The authors remain extyemel
cautious about this because an insignificant caefit is used. Rather, they postulate that priastigity is zero.
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£=—303 L (C310=-0266.
42.35

Similarly as with price elasticity of demand, thegression coefficient is used to obtain
income elasticity. The short-run income elastiotyesidential electricity demand is:

__11092
42.35

Only estimated income elasticity can be compareti wiher studies that have touched

x (011) = 0.288,

upon the residential market and short-run estimétesause the coefficient on the electricity
price variable was insignificant and the authorsSneste price elasticity to be zero. The
income elasticity obtained seems to be quite simdlghat in other countries; however, it is
also the highest (see Table 3). This indicates thatatvia the residential demand for
electricity in the short-run is more dependent anome that households have at their
disposal than in other countries. Other studieswsti@t in general price elasticity in the

short-run it is close to zero.

Short-run
Price Income
Authors Country elagticity easticity

Fisher & Kaysen U.S. -0.15 0.10
Houthakker & Taylor U.S. -0.13 0.13
Mount, Chapman, &

Tyrrell U.S. -0.14 0.02
Politukha Ukraine -0.16

McFadden U.S. -0.37 0.20
Diabi Saudi Arabia -0.12 0.14
Holtedahl & Joutz Taiwan -0.14 0.25

Table 3. The comparison with other studies
Source: Taylor (1975); Politukha (2002); Diabi (8%9Holtedahl and Joutz (2000).
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9. Conclusions

The results of this study suggest that residest&dtricity consumption is independent of
price changes, at least in the short-run. Basedamthly data from 1998 to 2005, the authors
found price elasticity to be an insignificant det@rant of residential electricity demand. The
authors believe that this result is feasible, ¥av teasons. First, consumption of electricity in
Latvia starts from a relatively low base, meanihgttelectricity expense constitutes only a
small portion of household budget. Second, theepggeel of electricity is very low and does
not represent the costs it should. Consequentlyséitmolds are not concerned with increase in
the price as long as the electricity expense ces a small portion of their budget and as
long as the relative change in price is small. Haavethe increasing level of living standards
will lead households to change their position witspect to changes in electricity price, as
the experience of other countries has shown.

This study reveals that residential demand for tetty is, rather, determined by
household income and seasonal factors. Estimated-izhn income elasticity turned out to
be 0.29. This result is not surprising, becausearease of household income may well be
associated with an increasing level of living s&d, which in turn leads to higher
electricity demand. In contrast, the coefficienttba daylight variable was significant even at
1%, which means that the results of this study enoee have proved that electricity demand
exhibits a clear seasonal trend.

Some results were also surprising, at least foathbors. Firstly, the price of natural gas
proved to be a less significant determinant ofdesiial electricity demand than expected
based on the results in previous studies. Sectredhypothesis that solid fuel could be a
substitute for electricity was rejected. Thirdlydaimally, it was surprising that the measure
of daylight (introduced and computed by the authbesmselves) was a more significant
determinant of electricity demand than average tatpre, suggesting that households use

electricity for lighting rather than heating.
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Appendix 1. Electricity Balance of L atvenergo
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Figure Al. Electricity Balance of Latvenergo

Source: Latvenergo Home Page
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Appendix 2. Summary Statistics

Standard
Variable Observations Mean deviation Min Max
consumpt 93 42.35 7.21 29.02 58.90
pelectr 93 3.63 0.15 3.37 3.90
income 93 110.92 13.17 88.44 145.59
pgas 93 0.53 0.04 0.47 0.59
pthermalen 93 15.59 0.32 14.45 16.26
psolidfuel 93 37.70 3.22 33.85 45.11
tv 93 107.98 7.35 92.83 120.75
fridges 93 93.64 3.17 90.00 100.25
vacclean 93 66.62 3.71 61.00 74.25
washmach 93 76.45 425 71.00 83.50
microwave 93 8.72 5.23 3.08 20.25
temp 93 7.52 8.00 -6.80 21.40
daylight 93 746.94 222.98 411.58 1065.37
d_consumpt 92 0.08 3.90 -9.11 10.49
d pelectr 92 -0.01 0.05 -0.05 0.47
d_income 92 0.48 6.98 -23.84 18.12
d pgas 92 0.00 0.01 -0.03 0.08
d_pthermalen 92 -0.01 0.10 -0.22 0.46
d_psolidfuel 92 0.02 0.65 -2.35 3.84
d tv 92 0.30 0.27 0.00 0.83
d fridges 92 0.09 0.13 -0.17 0.25
d_vacclean 92 0.11 0.16 -0.25 0.25
d_washmach 92 0.11 0.20 -0.17 0.42
d_microwave 92 0.19 0.15 0.00 0.50
d temp 92 100.69 10.70 81.13 123.25
d daylight 92 3.44 116.95 -145.47 146.74

Table Al. Summary statistics of variables
Source: STATA output
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Appendix 3. STATA Output for Estimated Regression

. reg d_consumpt 13.d_pelectr 13.d_pgas 13.d_pthermalen d_tv d_income
d_daylight

Source | SS df MS Number of obs = 89
————————————— et F(C 6, 82) = 7.33
Model | 461.846134 6 76.9743556 Prob > F = 0.0000
Residual | 860.635736 82 10.4955578 R-squared = 0.3492
————————————— o Adj R-squared = 0.3016
Total | 1322.48187 88 15.0282031 Root MSE = 3.2397
d_consumpt | Coef. std. Err. t P>|t] [95% Cconf. Interval]
_____________ +____________________________________________________________
d_pelectr
g L3 -3.102308 6.436839 -0.48 0.631 -15.90723 9.702615
_pgas
L3 44.58312 34.0512 1.31 0.194 -23.15557 112.3218
d_pthermalen
L3 6.267604 3.646244 1.72 0.089 -.9859362 13.52114
d_tv .8235368 1.381668 0.60 0.553 -1.925041 3.572115
d_income .1140672 .0507586 2.25 0.027 .0130921 .2150422
d_daylight -.0157507 .0030325 -5.19 0.000 -.0217833 -.0097182
_cons -.0386108 .5231632 -0.07 0.941 -1.079349 1.002127

Figure A2. STATA output for estimated regression
Source: STATA output
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Appendix 4. Real Prices of Electricity Substitutes

Real natural gas price, LVL/1000 m’
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Figure A3. The real price of natural gas
Source: CSB, own calculations

Real solid fuel price, LVL/
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Figure A4. The real price of solid fuel
Source: CSB, own calculations
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Real thermal energy price, LVL/IMWh
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Figure A5. The real price of thermal energy
Source: CSB, own calculations
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Appendix 5. Excerpt from Augmented Dickey-Fuller Test for Non-
Stationarity

t- 5% crit. 10% crit.
Variable Values Lags Trend statistic lev. lev. Result
Consumption Nominal 1 N -2,458 -2,897 -2,584 Non-stationary
Nominal 1 Y -4,127  -3,459 -3,155 Stationary at 5 %
Price Electricity Nominal 1 N -1,972  -2,897 -2,584  Non-stationary
Nominal 1 Y -2,551  -3,459 -3,155 Non-stationary
Gas Price Nominal 1 N -1,543 -2,897 -2,584.  Non-stationary
Nominal 1 Y -0,589 -3,459 -3,155 Non-stationary
Therm.En.Pr. Nominal 1 N 0,257 -2,897 -2,584 Non-stationary
Nominal 1 Y -0,384  -3,459 -3,155 Non-stationary
Income Nominal 7 N 1,266 -2,902 -2,586 Non-stationary
Nominal 7 Y -1,505  -3,465 -3,159 Non-stationary
Consumption Differences; 1 N -6,285 -2,898 -2,584 Stationary at 5 %
Price Electricity  Differences; 3 N -5,5200  -2,900 Stationary at 5 %
Gas Price Differences; 4 N -3,690 -2,900 Stationary at 5 %
Therm.En.Pr. Differences; 3 N -4,574  -2,900 Stationary at 5 %
Income Differences; 6 N -6,045 -2,902 Stationary at 5 %
TV Differences: 8 N -3,998 -2904 -2,5687 Stationary at 5 %
Fridges Differences; 6 N -2,238 -2,586 Non-stationary
Vac. Cleaners Differences: 5 N -1,919 -2,586 Non-stationary
\Wash. Mach. Differences; 6 N -2,325 -2,586 Non-stationary
Microwave Differences:i 5 N -1,669 -2,586. Non-stationary

Table A2. Excerpt from Augmented Dickey-Fuller Test for Ndatonarity
Source: STATA output
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Appendix 6. Excerpt of Results of Bayes | nformation Criterion

Variable p SSR(p)  SSR(p)/T  In(SSR(p)/T) (p+1)(In(T))/T. BIC(p) R-squared
0 4777,1069 51,3667 3,9390 0,0487  3,9877 0,0000

Consumption 1 1289,5031 13,8656 2,6294 0,0975 2,7269 0,7300
2 1240,0416 13,3338 2,5903 0,1462  2,7365 0,7373

3 1203,3196 12,9389 2,5602 0,1950 2,7552 0,7430

0 1,9998 0,0215 -3,8396 0,0487 -3,7908 0,0000

1 0,2500  0,0027 -5,9189 0,0975 -58215 0,8703

Electricity price 2 0,2496 0,0027 -5,9207 0,1462 -5,7745 0,8656
3 0,2489  0,0027 -5,9234 0,1950 -5,7285 0,8611

4 0,2482  0,0027 -5,9261 0,2437 -5,6824 0,8572

0 0,1584  0,0017 -6,3751 0,0487 -6,3263 0,0000

Gas Price 1 0,0102  0,0001 -9,1185 0,0975 -9,0210 0,9341
2 0,0102  0,0001 -9,1211 0,1462 -8,9749 0,9327

3 0,0101  0,0001 -9,1248 0,1950 -8,9298 0,9313

0 9,3970  0,1010 -2,2922 0,0487 -2,2435 0,0000

Therm. En. Pr. 1 0,9276  0,0100 -4,6078 0,0975 -4,5103 0,9010
2 0,9149  0,0098 -4,6216 0,1462 -4,4753 0,9022

3 0,8767  0,0094 -4,6642 0,1950 -4,4693 0,9062

0 15965,9231 171,6766 5,1456 0,0487 5,1944 0,0000

1 4123,7156. 44,3410 3,7919 0,0975 3,8894 0,7338

2 3699,3993 39,7785 3,6833 0,1462  3,8295 0,7528

3 3123,4878 33,5859 3,56141 0,1950 3,7091 0,7864

4. 2892,5028 31,1031 3,4373 0,2437  3,6810 0,7976

Income 5 26558512 28,5575 3,3519 0,2924  3,6443 0,8106

6 25124310 27,0154 3,2964 0,3412 36376 0,8184

7 2359,2201 25,3680 3,2335 0,3899 36234 0,8279

8 2313,7854 24,8794 3,2140 0,4386  3,6527 0,8287

9 2299,0406 24,7209 3,2076 0,4874  3,6950 0,8268

10, 2180,6924 23,4483 3,1548 0,5361  3,6909 0,8326

Table A3. Excerpt of results of Bayes Information Criterion
Source: STATA output

Note: p is the number of lags in the auto regresai lag length has to be selected

where BIC value is the lowest.
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Appendix 7. Test for Multicollinearity

. vif

variable | VIF 1/VIF
_____________ +______________________
L3.d_pther~n | 1.13 0.887427
d_income | 1.08 0.922319
L3.d_pgas | 1.05 0.949398
d_dayTlight | 1.04 0.959203
d_tv | 1.02 0.980100
L3.d_pelectr | 1.02 0.980422
_____________ +______________________

Mean VIF | 1.06

Figure A6. VIF test for multicollinearity
Source: STATA output

Note: the Variance Inflation Factors show what jortipn of an explanatory variable’s
variance is independent of all the other x varigbla low proportion (for example, .10)

indicates potential problems.
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Appendix 8. List of Interviewees

>

Mr.Ainars Curculis, Head of the Energy Department, Public UgktCommission
(13 Dec. 2005).

Mr.Andris Cakuls, Head of the Trading Departmerdtvenergo (18 Jan. 2005).
Mr.Juris OzolS, special advisor of European Commission in enezl@ted issues
(29 Dec. 2005).

Mr.Matiss Paegle, ex-member of the Board of Directors;dragrgo (5 Dec. 2005).
Mr.Mikus Janvars, Strategic Project Manager, RigIiSExchange (10 Nov. 2005).
Mr.Ugis Sarma, head of the Energy Department, Ministfgamnomics (28 Dec.
2005).

Mr.Uldis Bariss, member of the Board of Directdratvenergo (16 Dec. 2005).



