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In case of opening the electricity market, various factors inter-
act with each other. Although research has been done on var-
ious factors affecting the liberal electricity market, little atten-
tion has been paid to studying the dynamic relations between
the actors involved in the liberal electricity market and projec-
tions on electricity consumption in households. The main aim
of the research is to explore both short- and long-term effects
on the electricity consumption at liberal market conditions by
modelling various development scenarios. The electricity mar-
ket in operation in Latvia was used as the case study. For the sim-
ulation of electricity market liberalization, system dynamics has
been chosen. This method can determine electricity savings in
case of electricity market opening, because system dynamics al-
lows conducting simulation of complex systems and analysing
the obtained data to forecast probability of the development of
several scenarios. Obtained results show that cumulative elec-
tricity savings in households could reach 560 GWh by the end
0f 2020 due to the opening of the electricity market, implemen-
tation of energy saving measures and other reasons. In case of
scenario analysis using the change of consumption behaviour,
it was obtained that the cumulative electricity saving could be
almost twice as big if the majority of households were guided
by the environmental concerns. Although the system dynamics
model was based on the Latvian case study, its general applica-
tion to other countries and electricity markets is also possible.
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INTRODUCTION

sure the competitiveness of this single electricity
market.

Directive 96/92/EC [1] concerning common rules
for the internal market in electricity, or Electric-
ity Market Directive, set a legal basis for the sin-
gle electricity market in the EU member states.
One of the main guiding principles was to en-

Since the competiveness is closely related to
the price; it was expected that by higher compe-
tiveness in the single electricity market, the price
of electricity would come down. This assumption
was confirmed by several studies, but was not
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valid for all member states. Based on Serralles [2],
the average price of electricity in households re-
duced after the implementation of the Electricity
Market Directive; however, some member states
experienced the increase in electricity price.
According to Ringel [3], the liberalization of
the electricity market was followed by the reduc-
tion of electricity price, in particular, the drop of
electricity price was observed in industry, where-
as in households the decrease was lower. The au-
thors argue that the reduction of price is directly
associated with the increase of competition, be-
cause electricity retailers offered lower price so
that consumers would favour their product.

On the contrary, there are also studies that show
that a lower electricity price in a liberal market
is not always true. Each country may show a dif-
ferent trend, since the internal policy of member
states has a greater impact on electricity price than
the liberalization of the market itself [4].

These contradictory trends about the electrici-
ty price changes in a free market are modelled by
Neuhoft and Newbery [5]. In their work, the model
that describes the dynamic nature of price changes
was presented. The model shows that in the short
term the price may increase because of monopolist
withdrawal from the market and reorganization of
enterprises. This model also includes the market
regulator as a separate player where, in the case of
electricity market liberalization, the costs for mak-
er regulation may initially increase, thus causing
a price increase in the short term.

The price and demand are also linked to price
elasticity; the results of Krishnamurthy and Kris-
trom study [6] show high price elasticity in Aus-
tralia, Canada, Chile, and Spain and a slightly
lower one in South Korea and the Netherlands.
A study by Ringel [3] notes that the end user is
one of the main players in the liberalized electric-
ity market since the time households make their
choice of the electricity supplier - either renewable
electricity or not, electricity production market is
defined.

Of course, in order to define electricity pro-
duction to a consumer, active participation in
required. The report by ECME [7] on the situa-
tion in the EU member states after the liberali-
zation of electricity market shows a close corre-
lation (R? = 74.28%, excluding Ireland) between
household involvement in choosing the electric-

ity supplier and the time that has passed since
the liberalization of the electricity market. On
average, 1% of households changed the electricity
retailer in the member states where the electrici-
ty market opened only after 2007, in contrast to
10% of households in countries where the market
was liberal before 2007. The explanation for this
trend is a delay at which the information on sev-
eral alternatives is being diffused in households.
Therefore, a low level of citizen participation in
the electricity market is a short-term phenome-
non only.

The theory on rebound effect says that if elec-
tricity price for end user drops, the electricity
consumption will rise. In the EU Commission
report on the electricity market liberalization [8],
the increase in electricity consumption even by
20% was forecasted due to lower electricity costs
in the liberal market.

As a contrast to the rebound effect, the ener-
gy efficiency should also be accounted. The re-
port by ECME [7] shows that the proportion of
respondents in all the EU countries who have
attempted to reduce their electricity consump-
tion is above 60%. The explanation that both in
Latvia and Sweden a similar attitude towards re-
duction of electricity consumption is observed
(about 75% of respondents tried to reduce their
electricity consumption) can be found in work by
Papachristos [9].

Papachristos [9] studied household’s electric-
ity consumption in relation to the income level
of the household. The author divided households
into four groups: (1) households that are well in-
formed about electricity prices and focus on en-
ergy saving; (2) households that save energy be-
cause of the costs and environmental conscience;
(3) households that care about the higher comfort
and therefore are not interested in energy efficien-
cy; and (4) high-income households with the aim
to reduce impact on the environment and there-
fore investing in energy efficiency. Consequently,
there could be various motivations and various
income groups willing to reduce the electricity
consumption across all member states.

As for now, it has been seen that in a liberal
electricity market, various interconnected instru-
ments are in play (for example, price and demand),
the activation of some mechanisms has delays
(for example, information flow to households),
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and some mechanisms do have a nonlinear na-
ture (for example, public participation in retailer’s
selection). Therefore, to account for all these fac-
tors, a comprehensive modelling tool should be
used. System dynamics is one of such tools. Sys-
tem dynamics models allow integrating non-line-
arities, feedback and delays, thus studying the be-
haviour of the system under various internal and
external factors.

Although it was studied that various factors
affect a free electricity market, little attention has
been paid to studying the dynamic relations be-
tween the actors involved in the liberal electricity
market and projections on electricity consump-
tion in households.

As for now, some system dynamics models
have been developed to study the electricity mar-
ket, such as system dynamics model. Arango et al.
[10] modelled installed capacity in the electricity
market. Vogstad [12] modelled the Scandinavian
electricity market under free market conditions
and found that the impact on the environment
could both decrease and increase. Decrease is ob-
served since at the free market conditions more
renewable energy technologies are used, but at
the same time increase in demand is observed,
which counteracts the emission savings. Ochoa
and van Ackere [13] studied British and French
interconnection using system dynamics and con-
cluded that in case of a free market cooperation
between member states plays an important role.

Moreover, internal policy decisions often cause
an unforeseeable effect on the electricity market,
thus making the situation worse.

The main aim of the research is to explore
both short- and long-term effects on the electric-
ity consumption at liberal market conditions by
modelling various development scenarios. For
this purpose, a system dynamics model has been
built to examine how the physical processes and
information flows interrelate in the structure of
a dynamic system and how this structure gener-
ates dynamic behaviour over time. The electricity
market in operation in Latvia was used as the case
study.

A hypothesis of the system dynamics model
is that introduction of the electricity market will
encourage households to undertake energy effi-
ciency measures.

Although the system dynamics model was
based on the Latvian case study, its general appli-
cation to other countries and electricity markets
is also possible.

CASE STUDY

The dynamics of electricity consumption in house-
holds based on the electricity consumption group
in Latvia is shown in Fig. 1.

As given in Fig. 1, the decrease was recorded in
lower electricity consumption groups (consuming
less than 1199 kWh), while a rapid increase was
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Fig. 1. Dynamics of electricity consumption in households based on the electricity consumption group [11]
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experienced in the group where electricity con-
sumption was above 2000 kWh.

The electricity market in Latvia for households
opened on the 1st of January 2015. The opening
of the electricity market caused an increase in
the electricity price in Latvia; the electricity price
was lower because it was regulated.

METHODOLOGY

System dynamics is used to research the be-
haviour of complex and dynamic systems [14].
Originally, this methodology was developed for
directors of companies to help them improve
their understanding about manufacturing pro-
cesses, but now the use of system dynamics has
significantly broadened [15].

System’s ability to describe delays, for exam-
ple, information delays, is an essential part in
system dynamics [16], since by opening the elec-
tricity market, a significant delay arises between
the active participation of households in the free
electricity market and the official opening date
of the electricity market.

The presented system dynamics model dis-
tinguishes two groups of households - low- and
high-income households. Households™ willing-
ness to undertake energy efficiency measures is
modelled according to the share of the electrici-
ty bill in each household’s income.

Electricity consumption is divided into three
major groups: (1) lighting, (2) household elec-
trical appliances, and (3) climate control equip-
ment (heating, air conditioning, domestic hot
water). The model accounts for the changes in
energy efficiency indicators for appliances, in-
fluence of welfare on electricity demand (for
instance, number of electrical appliances in
the household, growth in the living area, etc.) as
well as the possible influence of the consump-
tion changes on electricity price, which in turn
affects consumption.

In the system dynamics model, the relation-
ship between electricity costs (affected by elec-
tricity price and consumption), income (depends
on GDP increase) ratio, and part of the house-
hold that undertakes electricity saving measures
is used. The ratio has been calculated by divid-
ing the average monthly electricity bill by average
monthly income in the household. Relationships
are derived from the survey data separately for
low- and high-income households.

If GDP increases, household welfare improves
thereby reducing the ratio between electricity
costs and household income, thus according-
ly lowering the willingness to save energy, see
the causal loop diagram in Fig. 2.

The causal loop diagram in Fig. 2 describes
situation when electricity consumption is higher
than it could be if electricity saving measures

+

Electricity price \D

Electricity cost and

income ratio
+
O Motivation to save
electricity

Electricity consumption

GDP
+ —/

Fig. 2. Causal loop diagram that visualizes relation and feedback between the external parameter
GDP and internal parameters, resulting from the parameter electricity consumption and moving to-
wards parameters motivation to save electricity
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were implemented. Higher electricity consump-
tion leads to higher electricity cost and income
ratio at a constant electricity price (a negative or
balancing loop is formed). On the other hand,
electricity consumption also influences electrici-
ty price by reducing or increasing average fixed
costs per 1 kWh of consumed electricity. There-
fore, when electricity consumption decreases,
electricity price will increase by increasing elec-
tricity cost and income ratio at the constant level
of welfare. As a result, motivation to save electric-
ity will increase, thus increasing electricity price
even more (positive or reinforcing causal loop is
formed).

By increased GDP, the welfare of households
rises, resulting in the increase of the living area
per 1 household (m?) and lighting demand per
1 m? thus the total demand for lighting growth
in households (Im), by increasing electricity con-
sumption. On the other hand, light bulb energy
efficiency (1 m/W) is rising, thus reducing specific
electricity consumption for lighting, see the caus-
al loop diagram in Fig. 3. Electricity cost and in-
come ratio influence motivation to save electrici-
ty and willingness to replace current light bulbs
with more energy-efficient bulbs and to reduce
time when lighting is used (replacement of elec-
tric appliances and change of consumption hab-
its), see Fig. 3. By welfare increase (expressed as
GDP), the proportion of low-income households
decreases while the proportion of high-income

households increases, thus the quantity and us-
age of electrical appliances increases; at the same
time, technological development improves energy
efficiency of electrical appliances, thus reducing
electricity consumption.

It is assumed that the number of households
and the average number of people in a house-
hold is constant during the research period. For
the simulation, it is assumed that the average
electricity price might increase by 30%.

The main sources of data are household sur-
vey results and the Central Statistical Bureau of
Latvia.

RESULTS AND DISCUSSION

Structural validation

Structural validation was performed to vali-
date the model. Structural validation evalu-
ates the reasonableness of the equation within
the model and tests the model under extreme
conditions.

Validation under extreme values is carried
out to determine how calculations change and
whether logical and robust results are obtained
(for example, fluctuation curves and other unex-
plainable results are not obtained) by accepting
extreme parameter values even though in real
life the probability of these values is low.

The aim of this validation is to determine incor-
rect or inadequate relationship. One of the main
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Fig. 3. Causal loop diagram that visualizes interrelation between external parameters like GDP and technological develop-

ment and internal parameters
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parameters that defines energy saving in house-
holds is the dynamics of the replacement of light-
ing and domestic electrical appliances in house-
holds. When the rate of replacement of lighting
and domestic electrical appliances is higher, then
the reduction of electricity consumption due to
replacing of existing appliances with more ener-
gy-efficient equipment is greater. The model is
tested by convergence of this value close to zero.

The obtained results show that the equa-
tions included in the model are reasonable, and
the model is robust, without any unpredicted
fluctuations, and corresponds to the expected
behaviour.

Model behaviour test

The model behaviour test was conducted to test
whether a model created expected future dy-
namics of behaviour by evaluating various pre-
dicted parameters.

One of the main parameters that determine
household willingness to save electricity is
the ratio between electricity costs and household
income. This proportion is affected by electricity
price, electricity consumption, and household
income. It is expected that if income increases,
the willingness to save electricity will reduce if
other conditions remain constant.

The results of the model behaviour test under
the circumstances when household income be-
comes twice bigger are given in Fig. 4.

Results in Fig. 4 confirm that if household in-
come increases, willingness to save energy lowers.

Scenario analysis using replacement of electric
appliances

With the help of a system dynamics model, possi-
ble electricity consumption changes and accumu-
lated electricity savings between 2014 and 2020
according to three scenarios (base, conservative,
and optimistic) have been evaluated.

Analysis of scenarios is based on these as-
sumptions:

« the base scenario is a reference scenario with
basic assumptions,

« in the conservative scenario, time in which
part of the population replaces electrical appli-
ances is increased by 10%,

« in the optimistic scenario, time in which part
of the population replaces electrical appliances is
decreased by 10%.

The base scenario is a reference scenario with
basic assumptions in which it is stated that cuamu-
lative electricity savings in the household sector
between 2014 and 2020 are 560 GWh, see Fig. 5.

In the conservative scenario, time in which part
of the population replaces electrical appliances is
increased by 10%. As a result, it is obtained that
electricity savings in the household sector between
2014 and 2020 are 543 GWh (Fig. 5), which is by
about 3% less than in the base scenario.

In the optimistic scenario, time in which part
of the population replaces electrical appliances
is reduced by 10%. As a result, it is obtained that
electricity savings in the household sector be-
tween 2014 and 2020 are 581 GWh, which is by
about 4% more than in the base scenario.

GwWh
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Fig. 4. Comparison of cumulative electricity saving dynamics between calculations conducted for the base
scenario (reference) and the scenario in which household income increased twofold (current)
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Fig. 5. Dynamics of household cumulative electricity savings in base (reference), conservative (conserv-

ative), and optimistic (maximal) scenarios

Therefore, in case of price reduction, a num-
ber of risks exist for achieving energy savings.
Firstly, increasing consumption leads to a greater
production of electricity. Secondly, by reducing
electricity price for the end user, support for ener-
gy management is reduced, because savings may
not cover the cost of introduced measures. Final-
ly, price reduction hinders the implementation of
policy objectives in the field of energy efficiency.
To achieve the objectives, tax should be increased
to compensate electricity price reduction, but
mostly, such political decision is not adopted [3].

The producer can provide a lower electricity
price, when the ratio between fixed and variable
prices is restructured. Moreover, the producer of-
fers a lower price, when energy demand is low;
this correspondingly increases electricity produc-
tion; therefore, electricity retailer mostly is not
interested in decline of demand and customer
management program.

On the other hand, competition for the lowest
price forces companies to reduce their produc-
tion costs. Costs can be decreased by undertak-
ing energy efficiency measures in power plants as
well as by reducing electricity losses during distri-
bution and transportation. Electricity market lib-
eralization in these circumstances is beneficial to
decentralized, high-efficiency energy production
located close to the end user. Energy production
is especially advantageous by combining it with
the use of renewable energy resources.

In case of a free electricity market, power
plants that utilize renewable energy resources and

whose efficiency is high acquire knowledge about
the market much faster than in a regulated mar-
ket, because all the electricity suppliers should be
provided with open access to electricity distri-
bution and transmission networks. On the oth-
er side, when efficient small power plants cover
part of the cogeneration plant power (cogenera-
tion plants usually operate at low power modes
or even at condensing mode), cogeneration plants
may become uncompetitive [3].

Scenario analysis using change of consumption
behaviour

In case of scenario analysis targeted at consump-
tion behaviour, the simulations were carried out
to find out how results may differ if households
save electricity for the environment reasons or
guided by costs (gains). Three theoretical cases
were created:

1) base scenario (under the same conditions as
in the chapter on model’s behavioural test);

2) optimistic scenario, in which half of the ho-
useholds take part in electricity saving due to en-
vironmental concerns, and half due to gains;

3) pessimistic scenario, in which 80% take ac-
tion due to gains, but the remaining 20% due to
environmental concerns.

This division of households into environ-
mentally motivated and motivated by econo-
mic gains is based on the hypothesis of authors.
Nevertheless, this division can be supported by
a study by Schwarz and Ernst [17] on the diffu-
sion of environmental innovations in Germany.
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The authors use the methodology of aggregated li-
festyles adopted from Sinus-Milieus® models [18],
where consumers are divided into various social
groups. This study found out that around 20% of
consumers could be regarded as Social Leaders.
Based on the presented case study [17], it is as-
sumed that the pessimistic scenario in this work
would correspond to the market situation where
Social Leaders take the role of environmentally
motivated households and therefore account for
about 20% of the population. This assumption is
also supported by the consumer survey of the lar-
gest electricity trader in the Baltic, Latvenergo AS,
where 50% of respondents were motivated to save
electricity due to economic reasons, and 13% due
to environmental reasons. It should be noted that
sample size was only 375 respondents from Riga
city and its neighbouring regions; therefore, these
results may be biased.

In case of the optimistic scenario, it is assu-
med that Social Leaders have motivated other
groups of the population to start saving due to
environmental concerns; thus, the hypothesis of
50% motivated by environmental concerns is ob-
tained. The optimistic scenario is motivated by
the fact that the Sinus-Milieus® models capture
the roles of consumers for one specific product
and specific time and location; however, the role
of these consumers can change over time. Ba-
sed on the results of Special Eurobarometer 435
[19], climate change is regarded as the 4th most
serious problem, where the economic situation
was mentioned as the 3rd most serious problem
with just one percentage point difference. There-
fore, the economic situation and climate change
could be attributed to the problem with the same
magnitude for Europeans. In some countries, cli-
mate change is regarded as the most serious con-
cern, based on public survey conducted in 2015;
these are Sweden, where close to 40% of respon-
dents were concerned about the climate change as
the most serious problem, followed by Denmark
with 30%, and Finland with 26%.

Therefore, this optimistic scenario is based on
the assumption that climate concerns will contin-
ue to grow, since the variability in climate is pro-
jected to increase.

With gains, those households (groups of low-
and high-income households) that mainly under-
take energy efficiency measures due to increase

in the ratio between electricity costs and income
are understood. These households can be referred
to as “economic households” Data obtained from
the Marketing and Public Opinion Research
Centre shows how the proportion of households
that are carrying out energy efficiency measures
changes if the ratio between electricity costs and
income increases. Moreover, there are households
that will never undertake energy efficiency meas-
ures even if the ratio between electricity costs and
income increases (at least within the range that
has been considered).

Other part represents the so-called “envi-
ronmental households” These households take
action due to environmental concerns. Unfortu-
nately, no statistical data are available on the fac-
tors that influence the behaviour of these house-
holds. Therefore, in the model it is assumed that
with a fixed time constant, those environmental
households that do not take part will become
households that take action for the environ-
ment. The time constant is lower when action
does not require large investments, for example,
changing habits with the use of lighting devices.
In contrast, time constant is higher when light-
ing devices have to be replaced, and even higher
if the electrical appliances need to be changed.
In order to take action, time is required (for in-
stance, time is needed for obtaining information
or saving money for energy efficiency measures,
etc.), but no specific information is given on how
and which factors might influence this time con-
stant. Perhaps, it would be difficult to determine
the time constant due to different behaviour of
human action and wellbeing. Therefore, it can be
considered that in the model, the mechanism of
action is observed, but precise numerical char-
acteristic is not known.

Results given in Fig. 6 show intuitively pre-
dictable results.

If “environmental households” that act inde-
pendently of the ratio between electricity price
and income are separated from other households,
then savings are higher than in the base scenario
(in the base scenario, all the households act like
“economic households”). This is only possible
if “environmental households” take action fast-
er than “economic households” Furthermore, if
the proportion of “environmental households”
increases, savings become greater.
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Fig. 6. Dynamics of household electricity consumption and annual cumulative electricity savings in scenario analysis using change of con-

sumption behaviour

The bottleneck of the research is that among
“economic households” for which survey data
from the Marketing and Public Opinion Research
Centre are available are also “environmental
households” Households have probably done en-
ergy efficiency measures due to several motives,
but the only motive observed in this research is
the ratio between electricity costs and income.
In addition, it is not known how “economic” and
‘environmental” households would actually act if
separate data from each household were obtained.

CONCLUSIONS

In case of opening the electricity market, various
factors interact with each other. During electric-
ity market liberalization, it is important to know
which market structure mechanisms will be used
and what will be the number and proportion of
suppliers thereof decrease as well as increase in
price level is possible in the short term.

Benefits of electricity market opening dominate
over drawbacks, as new suppliers that will pro-
vide energy-eflicient solutions for the production
of electricity as well as conduct energy consumer
management measures emerge into the market.
They will also change the market structure and
supply to the consumer. Electricity will be offered

not only based on the lowest price but also on sev-
eral factors like environmental, resource and waste
aspects. Consequently, in the long term, the main
player in the market is the electricity consumer,
whose choice will determine to what extent the po-
tential of renewable energy will be used.

For the simulation of electricity market liber-
alization, system dynamics has been chosen. This
method can determine electricity savings in case
of electricity market opening, because system
dynamics allows conducting simulation of com-
plex systems and analysing the obtained data to
forecast probability of the development of several
scenarios.

Obtained results show that cumulative electric-
ity savings in households could reach 560 GWh
by the end of 2020 due to the opening of the elec-
tricity market.

In case of scenario analysis using the change
of consumption behaviour, it was obtained that
the cumulative electricity saving could be almost
twice as big if the majority of households were
guided by the environmental concerns.
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ELEKTROS ENERGIJOS DEL RINKOS
LIBERALIZAVIMO VARTOTOJU ELGSENOS
KAITOS SUTAUPYMAS NAMU UKIUOSE

Santrauka

Vykdomi jvairiy veiksniy, turinéiy jtakos laisvos
elektros energijos rinkai, tyrimai, ta¢iau iki $iol ma-
zai démesio skirta dinaminiams ry$iams tarp laisvos
elektros rinkos dalyviy ir elektros energijos suvar-
tojimo namy tkiuose nagrinéti. Pagrindinis tyrimo
tikslas — istirti tiek trumpalaikj, tiek ilgalaikj povei-
ki elektros energijos suvartojimui laisvos rinkos sa-
lygomis, modeliuojant jvairius plétros scenarijus.
Elektros rinka, veikianti Latvijoje, buvo panaudota
kaip tyrimo atvejis. Modeliuojant elektros energijos
rinkos liberalizavimg pasirinktas sistemos dinami-

kos metodas, leidziantis nustatyti sutaupytos elektros

energijos apimtis elektros rinkos atvérimo atveju,
nes sistemos dinamika leidzia atlikti sudétingy siste-
my modeliavimg ir analizuoti gautus duomenis bei
prognozuoti keliy raidos scenarijy tikimybe. Gauti
rezultatai rodo, kad iki 2020 m. pabaigos sukauptas
namy tkiuose sutaupytos elektros kiekis gali pasiek-
ti 560 GWh (dél elektros energijos rinkos atvérimo,
energijos taupymo priemoniy jgyvendinimo ir kity
priezas¢iy). Scenarijy analizés atveju, naudojant
vartojimo elgsenos kaitg, nustatyta, kad sukauptas
sutaupytos elektros kiekis gali buti beveik dvigubai
didesnis, jei dauguma namy ukiy vadovautysi aplin-
kosaugos priemonémis. Nors sistemos dinamikos
modelis buvo grindZiamas Latvijos atvejo tyrimu,
taip pat galimas bendras jo taikymas kitoms $alims ir
elektros rinkoms.

Raktazodziai: elektros rinka, energijos sistemos,

inovacijy sklaida, sistemos dinamika, technologiniai

poky¢iai



