
1. Introduction 

On the 7th January 2011, the Hungarian 
Ministry of National Development has 
announced the publication of the final 
version of the Hungarian Renewable Energy 
Utilization Action Plan [1] for the period 
between 2010 and 2020. The aim of the 
Action Plan is to guarantee maximal total 
social recovery by building on the 
environmental, economical, social, cultural 
and geopolitical potential of Hungary. The 
main goal with the exploitation of renewable 
energy sources is to decrease the import 
dependence of the country on natural gas 
and crude oil. For this purpose, the Action 
Plan has determined the following tasks: 

− Legislation of a new act on sustainable 
energy management in 2011; 

− Conversion of current support 
mechanisms to make them simple and 
more effective; 

− Launch of an independent energy 
support program between 2014 and 
2020 (co-financed by the European 
Union); 

− Comprehensive conversion of the 
obligatory electricity off-take system for 
renewable energy sources; 

− Examination of the possibilities of heat 
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production from renewable sources; 
− Facilitation of participation in 

communal and other support 
programs; 

− Revision of the incentives built in 
building energy efficiency regulations 
(according to the Directive 2010/31/EU 
of the European Parliament and 
Council); 

− Review of land use plans, formation of 
regional energy concepts; 

− Formation of green financing system 
and programs (green bank); 

− Review and simplification of regulation 
and authorization systems; 

− Launch of new training and education 
programs based on renewable energy 
sources and energy efficiency; 

− Launch of employment programs on 
the field of renewables; 

− Launch of development programs in 
order to develop related fields of the 
industry; 

− Motivation of R&D+I programs; 
− Fostering the widespread use of 

second generation biofuels; 
− Formation of a new energy program for 

agriculture. 
As we can see, the Hungarian 

Government has set itself ambitious goals in 
the field of renewables, which includes wind 
production as well. The first wind turbine of 
the country was put into operation in 2000 at 
Inota, near one of the oldest coal power 
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plants of Hungary, but the 250 kW Nordex 
turbine was rather a curiosity than a piece of 
high-tech engineering. It was followed by a 
600 kW Enercon wind turbine at Kulcs, 
which was the first Hungarian wind turbine 
that sold its production to the distribution 
network. By the end of data acquisition, at 1 
September 2010, Hungary had 295.325 MW 
of nominal wind generation capacity [2]. The 
Action plan has set the target for both 
installed wind capacity and annual wind 
power production for the 2010-2020 period. 
During this decade both values are to be 
doubled. The exact rates are shown on 
Figure 1. 

 

Figure 1. Target values for installed wind capacity 
and annual wind power production, set by 
the Action Plan [1] 

If these targets are fulfilled, it is sure that 
the progress of wind power will be 
continuous in Hungary as well, as in other 
countries in Europe. This also means that 
further studies have to be prepared in every 
aspect of the grid integration of wind energy. 

2. Overview of the Hungarian 
legislation system 

Act CX of 2001 and the Governmental 
Decree 180/2002 have regulated the 
Hungarian electricity off-take system for the 
first time in 2001 and 2002. These acts 
determined the groups of producers eligible 
for support and the conditions of obligatory 
electricity off-take, determining the feed-in 
price as well. Act LXXXVI of 2007, the new 
act on electricity, together with the 
Governmental Decrees 273/2007 and 
389/2007 [3] contain current regulatory 
framework. From this point on, scheduling 
for distributed generator units (CHP units, 
wind, solar, etc.) was obligatory, today all 
producers have to present a schedule on 
their production on a 15-minute basis, one 
month prior. If production exceeds certain 
range (±5 % in case of regular and ±30 % in 

case of wind power plants) of the schedule, 
the producer should pay penalty-tariff of 
5 HUF/kWh (~ 16.67 EUR/MWh) for every 
kWh outside the range of the schedule. The 
amount of penalty-tariff is 7 HUF/kWh 
(~ 23.33 EUR/MWh) if the schedule is not 
presented. Governmental Decree 287/2008 
has modified the range for penalizing, and 
has raised it to ±50 %, while penalty-tariff 
was left unchanged, and schedule is 
currently to be presented only one day prior. 
The feed-in tariffs for 2010 were 
32.10 HUF/kWh (~ 107 EUR/MWh), 
28.72 HUF/kWh (~ 95.73 EUR/MWh), and 
11.72 HUF/kWh (~ 39.07 EUR/MWh) for 
peak, valley and deep-valley hours 
respectively [4]. 

3. Method of investigation 

The authors have previously prepared a 
simulation tool that is capable of simulating 
the cooperation of arbitrary group of wind 
generators, and a generic energy storage 
unit. The very first version of the simulation 
was introduced in [5]. It has undergone 
several changes since to approximate as 
realistic operation as possible. The 
simulation tool is a rule-based system, which 
aims to keep the combined output of a wind 
farm and a generic energy storage unit 
inside the predefined range (e.g. ±50 % 
concerning the Hungarian regulations) of the 
forecasted wind power. The simulation tool is 
introduced in detail in [6]. 

To demonstrate the operation of the 
simulation tool, different data of the 
Hungarian power system were used, most of 
which are available online. The website of 
MAVIR Hungarian Transmission System 
Operator Company Ltd. (MAVIR) displays 
data concerning forecasted and actual power 
of Hungarian wind farms for every 
15 minutes, which can be downloaded as 
well. The historical costs of balancing energy 
(both up- and down-regulating) are also 
available for previous months. Feed-in tariffs 
are also published online by the Hungarian 
Energy Office, as mentioned before. Using 
these data, the whole 2010 year was 
examined. Feed-in prices for each 15-minute 
period were arranged to production data to 
calculate the virtual income, and the virtual 
amount of penalty of the wind farms. The 
price of balancing energy was calculated as 
an average value, using the whole year data 
of the Hungarian power system. This 
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approximation is needed, because there are 
periods in the historical data, when no 
balancing energy was sold, therefore, no 
price exists for these periods. After 
calculating these averages, the price of up-
regulating energy was resulted 
32.82 HUF/kWh (109.39 EUR/MWh) while 
the price of down-regulating energy was -
0.16 HUF/kWh (-0.53 EUR/MWh), and the 
sum cost of balancing energy was also 
calculated. These calculations have resulted 
numbers for the current case, when no 
energy storage is used. As a second step, 
the previously mentioned simulation tool was 
used to calculate effects of a possible energy 
storage unit. The step size of rated power 
Prated and rated capacity Erated was 1 MW and 
1 MWh respectively and was raised in 
100 steps. The cycle efficiency of the 
storage was 75 % for presented calculations. 

4. Results of the calculations 

As it was detailed in section 2., we may 
often face opposite interests in wind industry 
because of the quite complex legislation and 
tariff system. In this section of the paper 
three different viewpoints are chosen to 
reflect on these situation. In all three cases it 
is followed how the two regulation 
modifications have changed the interests 
since 2007, and how this affected the 
possible investments of an energy storage 
unit. 

4.1 Perspective of the wind turbine owner 

The first viewpoint we examined is the 
perspective of the wind turbine owner. 
Basically the owner is affected by two 
elements of the tariff system; receives the 
feed-in tariff for production and pays the 
penalty tariff, if the difference between 
forecasted and actual production was too 
high. The goal of the owner is to maximize 
the previous one and to minimize the latter 
one. We also assume that the owner also 
aims to keep its production in the ±50 % 
range of forecasted power, to fit for the 
regulations. So in case an energy storage is 
used, it is used primarily for this purpose. We 
have to highlight this, because the easiest 
way to increase the income of a wind power 
plant is to store as much deep-valley 
production as possible to inject into the grid 
in peak hours, which results in 
20.38 HUF/kWh (67.93 EUR/MWh) extra 
income if we ignore the power conversion 

losses. If this way is excluded from our 
calculations, the primary motivator for the 
owner is to keep the amount of penalty as 
low as possible; by using energy storage for 
example. Figure 2 shows the difference of 
income and penalty for the regulations in 
force. 

 

Figure 2. Difference of income and penalty of 
Hungarian wind farms, using energy 
storage, η=75 % 

Figure 2 shows that the improvement is 
below 0.5 % even in case of energy storage 
with high rated power and rated capacity 
values, and values may be even under the 
initial state in cases. There are two reasons 
for this result. On one hand, our income will 
increase in a relatively consistent way by 
using energy storage, and the improvement 
depending on the rated power will stabilize 
around 30 MW. On the other hand amount of 
penalty may be radically decreased even by 
using a small energy storage unit. The 
difference of these two mechanisms result 
the peak of the surface around 3-4 MW. This 
means that operation of an energy storage 
may be profitable for the wind generator 
owner under current regulations, but if the 
rated power and capacity of the storage is 
chosen to maximize profit, fraction of time 
(T), in which the total output of the wind farm 
and the storage is within the allowed range 
of the schedule will not increase significantly. 
Financially, the initial state (no storage) 
means 12,877 M HUF (42.92 M EUR) as 
income and 179 M HUF (597 k EUR) as 
penalty, which amount counts up to 1.39 % 
of the income. Their difference is 
12,698 M HUF (42.32 M EUR), so the 
possible 0.2 % improvement means 
25,396 k HUF (84.6 k EUR) annual profit. 

Figure 3 shows the results, if the previous 
regulations were in force (penalty is paid for 
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the total difference between forecasted and 
actual power, not only the part exceeding the 
±50 % range).  

 

Figure 3. Difference of income and penalty of 
Hungarian wind farms, using energy 
storage, η=75 %, previous regulations 

The most significant difference compared 
to Figure 2 is that the improvement may 
reach 3 %. The reason for this improvement 
is the method of the penalty tariff calculation, 
as mentioned before. The relatively higher 
amount of penalty is again decreased by the 
energy storage rapidly, but this amount is 
bigger compared to income, so the 
improvement is higher as well. Financially 
the initial state (no storage) means 
12,877 M HUF (42.92 M EUR) as income 
and 971 M HUF (3.24 M EUR) as penalty, 
which amount counts up to 7.54 % of the 
income. Their difference is 11,906 M HUF 
(39.68 M EUR), so the possible 3 % 
improvement means 357 M HUF 
(1.19 M EUR) annual profit. 

Figure 4 shows the results for the very 
first regulations, when penalty tariff was 
charged if production exceeded ±30 % of 
forecasted power. 

 

Figure 4. Difference of income and penalty of 
Hungarian wind farms, using energy 
storage, η=75 %, very first regulations 

As one may expect, the difference 
compared to Figure 3. is that the amount of 
penalty is bigger; practically the decrease of 
the allowed difference from ±50 % to ±30 % 
will increase the penalty with a nearly 
constant value. Possible improvement using 

a storage may reach 2 %. Financially the 
initial state (no storage) means 
12,877 M HUF (42.92 M EUR) as income 
and 1,326 M HUF (4.42 M EUR) as penalty, 
which amount counts up to 10.3 % of the 
income. Their difference is 11,551 M HUF 
(38.5 M EUR), so the possible 2 % 
improvement means 231 M HUF 
(0.77 M EUR) annual profit. 

If the three scenarios are compared, the 
authors conclude that from the viewpoint of 
the wind farm owner, the second regulations 
gave the biggest motivation to use energy 
storage, while current regulations are almost 
useless for this purpose. Even if an energy 
storage unit was constructed, it would not 
improve significantly the issue of bad 
forecasts, as shown before. 

4.2 Perspective of the system operator 

The second viewpoint was chosen to 
introduce the opposite side. Concerning the 
costs of system regulation, two major cost 
items can be identified. The first is the 
amount (and price) of balancing energy, 
which is needed to cover the differences 
between forecasted and actual production. 
The second part is the penalty, paid by the 
wind farms, which is an income from this 
viewpoint So in total, costs of balancing 
energy are decreased with the received 
amount of penalty. Figure 5 shows the 
results for current regulations. 

 

Figure 5. Difference of balancing energy costs and 
penalty of Hungarian wind farms, using 
energy storage, η=75 % 

Figure 5 shows that the biggest decrease 
may be reached again by using a storage 
with a relatively small rated power. This 
effect is mainly caused by the costs of 
balancing energy. The operation of the 
storage, described before, results, that the 
distribution of the error of forecasts 
(practically the amount of necessary 
balancing energy) will have smaller standard 
deviation, but its median will move slightly to 
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the negative side. The bigger the storage is, 
the more these effects apply on the 
distribution. The negative value of the 
median means that in total more up-
regulation than down-regulation is needed, 
which will result in higher expenses related 
to balancing energy. Practically the bigger 
our storage is, the bigger is the fraction of 
time when it will operate, which may result 
that sometimes it simply operates 
unnecessary from this point of view. On the 
other hand, as seen before, the amount of 
penalty decreases by using energy storage, 
so the income from this source also 
decreases. The decrease of total costs may 
reach 6-8 %. Financially, the initial state (no 
storage) means 2,333 M HUF (7.78 M EUR) 
as the cost of balancing energy and 
179 M HUF (597 k EUR) as penalty. Their 
difference is 2,154 M HUF (7.18 M EUR), so 
a possible 6 % improvement means 
129.24 M HUF (430.8 k EUR) annual profit. 

Figure 6 shows the results for previous 
regulations. 

 

Figure 6. Difference of balancing energy costs and 
penalty of Hungarian wind farms, using 
energy storage, η=75%, previous 
regulations 

No significant differences can be 
observed in this case. However the amount 
of penalty increases in this regulatory 
framework, the proportions remain the same. 
Financially, the initial state (no storage) 
means 2,333 M HUF (7.78 M EUR) as the 
cost of balancing energy and 971 M HUF 
(3.24 M EUR) as penalty. Their difference is 
1,362 M HUF (4.54 M EUR), so a possible 
6 % improvement means 81.72 M HUF 
(272.4 k EUR) annual profit. Actually the 
costs of the regulator are so much lower in 
this case initially that less room is available 
for improvement. 

Figure 7 shows the results of the 
calculations with the very first regulations. 

 

Figure 7. Difference of balancing energy costs and 
penalty of Hungarian wind farms, using 
energy storage, η=75 %, very first 
regulations 

The very first regulations show a huge 
difference compared to previous results, as 
shown on Figure 7. This is again the effect of 
the bigger amount of penalty. On the other 
hand, the need for balancing energy also 
changes, because in this case the storage is 
operated to keep the combined output inside 
the ±30 % range of the forecasted power. 
Even improvement over 10% is in reach with 
a modest energy storage unit. Financially, 
the initial state (no storage) means 
2,333 M HUF (7.78 M EUR) as the cost of 
balancing energy and 1,326 M HUF 
(4.42 M EUR) as penalty. Their difference is 
1,007 M HUF (3.36 M EUR), so a possible 
10 % improvement means 100.7 M HUF 
(336 k EUR) annual profit. 

To conclude this viewpoint the authors 
would like to highlight that however the very 
first regulations seem to be the best choice 
because of the highest proportional 
improvement, but current regulations result 
the biggest financial motivation for such 
investment. 

4.3 Perspective of wind energy additional 
costs 

The third viewpoint is practically 
independent from the previous two; it aims to 
investigate the additional costs of wind 
energy. These additional costs are 
approximated using two components. The 
first one is the feed-in tariff of the obligatory 
electricity off-take, which is paid for the 
producers. The second one is the cost of 
balancing energy, which has to be paid to 
keep the power balance of the system. The 
sum of this two needs to be divided by the 
amount of produced energy, because due to 
power conversion losses of the energy 
storage, the bigger the storage is, the more 
energy will be spilled. Figure 8 shows the 
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results for current regulations. 

 

Figure 8. Total cost of wind energy, using energy 
storage, η=75 % 

The results of Figure 8 can be explained 
by two effects. The amount of feed-in tariff 
decreases by the using an energy storage, 
this is again the result of power conversion 
losses. The other effect is the cost of 
balancing energy, detailed previously. These 
two will result in a peak behavior of the 
surface. The decrease in additional costs 
may reach 1 EUR/MWh. Financially, the 
initial state (no storage) means 
12,877 M HUF (42.92 M EUR) as feed-in 
expenses and 2,333 M HUF (7.78 M EUR) 
as the cost of balancing energy. The sum of 
these two is 15,210 M HUF (50.7 M EUR), 
which is divided by the annual production, 
472.7 GWh, so the specific costs of wind 
energy are 32.18 HUF/kWh 
(107.26 EUR/MWh). 

The results of previous regulations mean 
no difference compared to Figure 8., 
because only the amount of penalty 
changed, which is not included in this 
viewpoint. 

Figure 9 shows the results of the very first 
regulations. 

 

Figure 9. Total cost of wind energy, using energy 
storage, η=75 %, previous regulations 

The very first regulations show a bigger 
potential compared to these two results, but 
specific costs are not significantly lower in 

this case either, they remain over 
105 EUR/MWh. 

Based on these results, the authors 
conclude that additional costs of wind energy 
may be decreased independently from the 
regulatory framework, by using energy 
storage. This viewpoint also shows though 
that the best choice is different from 
technical and financial aspects. 

If one would like to conclude the results of 
this section, no clear conclusion may be 
stated. Current regulations are the best 
motivators if costs of the system operator are 
viewed. Previous regulations are best suited 
with the aims of the wind farm owners, to 
maximize their profit, while the very first 
regulations had the best potential to 
decrease the specific costs of wind energy. 
The authors would like to emphasize 
however that these results may be only 
viewed knowing the investment and 
operation costs of energy storage 
technologies, detailed in the next section. 

5. Investment and operation related 
costs of energy storage 
technologies 

Energy storage technologies, used for a 
wide variety of functions are widely 
discussed in the literature [7]. As one of the 
most detailed studies, [8] focused on energy 
storage applications related to wind power. 
Four categories have been defined in the 
study, transmission curtailment, time-shifting, 
forecast hedge, and grid frequency support 
and fluctuation suppression. Not only 
different applications but suiting energy 
storage technologies are also introduced 
in [8]. Present investigation includes three 
technologies: NaS batteries, vanadium-redox 
flow batteries (VRB) and lead-acid batteries. 
Our application is best approximated by the 
category of forecast hedging, as defined 
in [8], where NaS batteries are chosen as a 
best fit for this application. The financial 
parameters of the following calculations are 
based on [8]. 

According to this study, costs of an 
energy storage unit may grouped to two 
categories; costs related to the installation, 
and costs related to the operation of the 
energy storage system. Concerning related 
costs, one has to take into account the 
energy storage itself, the power conversion 
system (PCS) and the balance of plant 
(BOP). The cost of the energy storage may 
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be given in per kW or per kWh units as well. 
The PCS consists of all equipment that are 
necessary to supply energy from and to the 
energy storage. The PCS has to meet 
specific requirements of course, concerning 
its technology, operation, response time, 
efficiency, etc. The BOP mainly does not 
consist of additional costs that are related to 
the energy storage itself or to the PCS; e.g. 
land, access, services. Operation related 
costs consist of fixed and variable operation 
and maintenance costs. Costs of different 
technologies were calculated by multiplying 
the sum of PCS and BOP costs expressed in 
per kW by the rated power and adding the 
product of energy storage initial costs 
expressed in per kWh and the rated 
capacity. These costs are compared in 
Table 1. 

Table 1. Investment and operation related costs of 
storage technologies 

Technology NaS battery VRB flow 

battery 

Lead-acid 

battery 

PCS initial cost  

[EUR/kW] 
159.33 310.67 110 

BOP initial cost  

[EUR/kW] 
66.67 66.67 66.67 

Storage initial 

cost  

[EUR/kW] 

921.34 1416.67 210 

Storage initial 

cost  

[EUR/kWh] 

142 157.34 838.67 

Fixed O&M 

cost  

[EUR/kW/y] 

26.27 37.4 11 

Variable O&M 

cost  

[EUR/kW/y] 

11.27 0 4.67 

The table illustrates well, how high the 
prices are for energy storage applications. 
Such investments have long payback 
periods, in case they realize profit at all. For 
the following calculations, the authors 
assumed that such investment may have a 
15 year lifetime, and inflation rate is 3.5 %. 
Three of the previously examined cases are 
introduced to demonstrate the cost-
effectiveness of such investment. 

The first case is the viewpoint of the 
producer, with current regulations. 
Independent from the technology, this case 
will not result in profit with such conditions. 
Figure 10 shows the net profit for the 15 year 
period, with NaS technology, but the other 
two technologies have almost the same 
results. 

 

Figure 10. Net profit of an energy storage investment 
from the viewpoint of the wind farm 
owner, with current regulations, NaS 
battery, η=75 % 

The second case is the same viewpoint, 
with previous regulations (higher amount of 
penalty). All three technologies will result 
specific rated power/rated capacity values, 
where the investment may be cost-effective. 
In case of NaS batteries, the maximal profit 
is 8.26 k EUR, which is the result of using a 
6 MW/29 MWh energy storage unit. VRB 
technology has less profit, 4.57 k EUR, and it 
is reached with a 4 MW/19 MWh storage. 
Lead-acid batteries are the less useful for 
this purpose, the maximal profit is only 
0.11 k EUR, using a 1 MW/1 MWh storage. 
The reason for the weakness of the lead-
acid battery is that the application needs 
high capacity, while lead-acid technology 
has relatively higher energy related costs. 
Figure 11 shows the results for the NaS 
technology. 

 

Figure 11. Net profit of an energy storage investment 
from the viewpoint of the wind farm 
owner, with previous regulations, NaS 
battery, η=75  % 

The third case is the second viewpoint 
(system operator) with current regulations. In 
this case the cost of balancing energy is 
decreased by the penalty paid by wind 
producers. The annual profit, calculated 
previously, shows in advance that the results 
might be somewhere between the previous 
two cases. In fact, none of the three 
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technology promises a net profit in 15 years, 
even the most promising NaS technology 
would be loss making. Figure 12 shows the 
results for this case. 

 

Figure 12. Net profit of an energy storage investment 
from the viewpoint of the system 
operator, with current regulations, NaS 
battery, η=75 % 

The authors conclude that current 
regulatory framework and tariff structure 
does not motivate the investment of an 
energy storage unit for either the wind farm 
owner or the system operator. Although 
technical advantages may be achieved, but 
the high investment and operation costs of 
these technologies make the payback 
periods way too long, sometimes longer than 
the lifetime of the unit itself. 

6. Possible future regulatory 
framework 

In this section, the authors suppose a 
possible change of the tariff system that may 
motivate investments in storage technology. 
It is clear that unless investment costs of 
energy storage technologies decrease 
significantly, either feed-in tariffs have to be 
lowered, or the penalty-tariff has to be 
increased. The second choice seems more 
logical, because the overall aim of our 
system is to keep the combined output of the 
wind power plant and the energy storage unit 
inside the ±50 % range of forecasted power, 
practically to avoid penalty. 

If we look again at the feed-in tariffs, 
detailed in section 2. it is clear that the 
producer is not really “penalized”, as it is 
demonstrated using this example. The 
allowed range is depending on the 
forecasted power, so if the producer 
forecasts no production (0 kW), the range 
will also be 0 kW. This practically means that 
every kWh production will fall outside the 
permitted range, and will be penalized by the 

penalty tariff, which is 5 HUF/kWh 
(~ 16.67 EUR/MWh). However the feed-in 
prices are higher even during the deep-
valley period, when producers receive 
11.72 HUF/kWh (~ 39.07 EUR/MWh). So in 
extreme cases, the wind producer receives 
half of the total money, even if the forecasted 
power was totally wrong. Of course, this tariff 
is even bigger in peak and valley periods. To 
compare, the cheapest producer in Hungary, 
Paks Nuclear Power Plant sells its energy 
around 10-12 HUF/kWh (33.33-
40 EUR/MWh). So the idea is to leave the 
current constant penalty tariff, and introduce 
a new, time or market dependant penalty-
tariff system. There are several ways to do 
this; the penalty-tariff may depend on actual 
balancing energy prices, actual feed-in 
tariffs, or on the actual amount of reserves 
as well. Here a simple solution is introduced, 
when penalty-tariff is determined as half of 
the actual feed-in tariff. In this case, from the 
viewpoint of the wind farm owner, financially, 
the initial state (no storage) means 
12,877 M HUF (42.92 M EUR) as income 
and 1,007 M HUF (3.36 M EUR) as penalty, 
which amount counts up to 7.82 % of the 
income. Their difference is 11,870 M HUF 
(39.56 M EUR), so the possible 3 % 
improvement, as shown on Figure 13. 
means 356 M HUF (1,186 k EUR) annual 
profit.  

 

Figure 13. Difference of income and penalty of 
Hungarian wind farms, using energy 
storage, penalty-tariff calculated as half of 
feed-in tariffs, η=75 % 

From the viewpoint of the system 
operator, financially, the initial state means 
2,333 M HUF (7.78 M EUR) as the cost of 
balancing energy and 1,007 M HUF 
(3.36 M EUR) as penalty. Their difference is 
1326 M HUF (4.42 M EUR), so a possible 
6 % (shown on Figure 14.) improvement 
means 79.56 M HUF (265.2 k EUR) annual 
profit. 
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Figure 14. Difference of balancing energy costs and 
penalty of Hungarian wind farms, using 
energy storage, penalty-tariff calculated 
as half of feed-in tariffs, η=75 % 

We can see again that using an energy 
storage may be an improvement in our 
system. Once again, investment and 
operation costs were calculated to each 
case. Considering the viewpoint of the 
producer, in case of NaS batteries, the 
maximal profit is 11.9 k EUR, which is the 
result of using a 4 MW/44 MWh energy 
storage unit. VRB technology has less profit, 
7.77 k EUR, and it is reached with a 
3 MW/32 MWh storage. Lead-acid batteries 
have no possibility of producing profit. 
Considering the viewpoint of the system 
operator, in case of NaS batteries, the 
maximal profit is 0.73 k EUR, this is the 
result of using a 1 MW/5 MWh unit. The 
other two technologies result no profitable 
choice. 

7. Conclusion 

Present paper introduced a possible way 
to mitigate the difference between forecasted 
and actual production of grid connected wind 
power plants by means of energy storage. 
The authors have previously developed a 
rule-based simulation tool that is able to 
simulate the cooperation of a grid connected 
wind farm and a generic energy storage unit. 
The operation of this simulation tool is 
detailed in other publications. The tool was 
demonstrated using the time series data of 
Hungarian wind farms for the 12 months of 
2010. The results were analyzed primarily 
from financial aspects. Three different 
viewpoint were defined, to examine needs 
and possibilities of wind farm owners, the 
system operator, and the consumer. Three 
different regulation framework was used; 
current regulations, previous regulations and 
the very first regulations concerning 
generation scheduling and the tariff system. 
The results showed that in some cases, 
significant improvement may be achieved by 

using energy storage. On the other hand, a 
brief overview was given on investment and 
operation costs, which showed that the 
operation will result in very long payback 
times; sometimes the investment may not be 
cost-effective at all. Finally the authors 
suggested changes of the regulations, which 
may motivate wind farm owners and/or the 
system operator to use energy storage. 
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