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Abstract: The report presented the new energy market model in 
Bulgaria and the main attention is directed to a daily hour forecasting of the 
electrical energy production from renewable energy sources. 

The need of development of a methodology and the development of the 
most precise methods for predicting is reviewed and some of the used 
methods at the moment are presented. 

An analysis of the problems related to the daily hour forecasting is done 
using data from the producers of electrical energy from renewable energy 
sources in the territory of western Bulgaria. 
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New and current direction in the energy market is the forecasting of the 
electrical energy production from renewable energy sources (RES). The 
increase in the production of electrical energy from RES in Bulgaria 
imposes mandatory daily hourly forecasting, to work the energy system of 
Bulgaria efficient and flawless. 

In developed new rules for trade in electrical energy, published in State 
Gazette issue 64 of 17.08.2010 [1], which will take effect from 01.07.2011, 
is introducing a new energy market model based on exchange hourly 
schedules of production and consumption of electrical energy between the 
coordinators of balancing groups (CBG) and the energy system operator 
(ESO). The main difference in the new and current rules is that all actors, 
whether buying or selling a regulated or freely negotiated prices, negotiate 
hourly electrical energy and prepare weekly and monthly final settlement. 
ESO prepares settlement to CBG, and CBG allocate calculating by ESO 
imbalances of its members depending on the individual participation of each 
member in the general imbalance. In the new rules, each participant draw 
hourly forecast profile for the purchase or sale of electrical energy per day 
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of physical delivery D, one day in advance D-1, this schedule shall be sent 
by members of balancing groups (BG) to their coordinator, and aggregate 
profile of all participants in the BG – by the relevant CBG to ESO. 
Participants who will buy or sell electrical energy at regulated prices formed 
the so-called coordinators of special balancing group (CSBG). In such 
special balancing groups are the customers of the public provider NEC, the 
customers end suppliers EON, EVN and CEZ, and the producers of 
electrical energy from RES. Up to the registering of CSBG of the producers 
of electrical energy from RES, its function will perform CSBG of the end 
supplier in whose licensing territory is connected producer of electrical 
energy from RES. 

According to members of chapter 11 of the rules for trade in electrical 
energy [1], producers of electrical energy from RES are subject to balancing 
under special conditions, such all measured quantity of them produced 
electrical energy is charged at preferential prices by the relevant end 
supplier. 

For RES with installed capacity over 30 kW, imbalances are due to 
crossing the border ± 20 % of the difference between the predicted and the 
measured profile and is in the direction of the general imbalance of his 
CSBG, such this quantity is valued at 50 % of current prices for energy 
shortage or surplus. These are the only preferential conditions for balancing 
in market model descriptions of electrical energy. With a not big investment, 
each producer of electrical energy from RES, with the exception of the wind 
generators, may be included in this tolerance. Although groups of end 
suppliers called special, in which at first time would be the producers of 
electrical energy from RES, for them not provided any preferences and they 
will be balanced by the ESO in the same way as standard BG. This means 
that CSBG can use the forecasts made by producers, only informative 
(because they will are too inaccurate ± 20 %) and to achieve least possible 
deviations of the aggregate forecast, as each kWh deviation from this 
forecast will pay to the ESO. 

From the statement above becomes clear need to develop a 
methodology and develop of possible the most accurate methods for 
forecasting electrical energy produced from RES, of the licensed territory to 
end suppliers as CSBG. 

As the authors have data from the producers of electrical energy from 
RES in the territory of western Bulgaria, the analysis of the problems for 
daily hour forecasting refers to that part of the country. 

The group of RES, which has balanced in the March 2011, has the 
following structure: 

• hydropower plants (HPP) under 10 MW – 100 objects with a total 
installed generating capacity 107,356 MW; 



Workshop: “Renewable Energy Technologies” 

187 
 

• photovoltaic power plants (PVPP) – 19 objects with a total installed 
generating capacity 7,674 MWр; 

• wind power plants (WPP) – 6 objects with a total installed generating 
capacity 10,57 MW. 

In western Bulgaria partition of wind power plants is 8,42 % of installed 
power of generation from RES, which are single wind generators located at 
remote distance. Forecasting of hourly electrical energy production from 
wind generators is successful only in so-called energy market on the day of 
delivery. Forecasts in this market are prepared on the day of trade and 
supply of electrical energy, which means that through measuring systems of 
wind and efficiency of work of the wind generator, can be draw accurate 
forecasts. In the model of the market day-ahead hourly forecasts of the 
wind generators are quite inaccurate, because they are based primarily on 
the meteorological forecast for wind speed and wind direction, which is not 
always sufficiently precise. Still at the National Institute of Meteorology and 
Hydrology (NIMH) are unable to draw hourly meteorological forecast for 
wind speed and wind direction. Therefore, for improving the accuracy of the 
forecast of total production of electrical energy from RES should be working 
in direction for improve accuracy of forecasting of the electrical energy 
production from HPP and PVPP. 

The main part of HPP in the territory of western Bulgaria is built in the 
water catchments of the rivers: Mesta, Struma, Iskar, Ogosta, Vit, Black Vit 
and Osam. For these rivers, NIMH daily published in its website measured 
values of following physical variables: level measured H, cm; change of the 
level ∆H, cm; measured water quantity Q, m3/s. 

In order to draw accurate forecasts, HPP are divided into following 
groups according to their form of hourly profile of the electrical energy 
production and their dependence on certain attribute: 

• Of flowing water (derivative) and below dams. 
The profile of HPP of flowing water is directly related to the rainfall and 

the change of the levels of rivers and has seasonal character. 
In the below dams HPP, work schedule depends on the agreed water 

quantities with Irrigation systems and the Ministry of environment and water. 
For them significantly influenced turns the function of the dam as an annual 
equalizer. 

• Of geographical sign – HPP of the Iskar River, HPP on the northern 
slopes of Stara Planina, HPP at the foot of Rila and Pirin mountains. 

Weekly aggregated forecast and measured profile of HPP in western 
Bulgaria (upper graph), is presented in fig. 1. At the bottom of the graph in 
fig. 1 are shown the forecast aggregate profiles of HPP, divided into groups 
depending on the shape profile and their relationship with meteorological 
data from the relevant stations of NIMH. 
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Fig. 1. 
 

Daily aggregated forecast profile (red line) and measured profile (green 
line) for all HPP in considered territory are presented in fig. 2. 

 

 
Fig. 2. 
 

Daily forecast profiles for the different groups HPP, which constitute the 
total forecast for HPP in considered territory are presented in fig. 3. 
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Fig. 3. 
 

For drawing of successful forecasts, i.e. with an error less than 10 % 
have been developed different mathematical and experimental methods, in 
which compulsory involved: 

• historical measured profile of production of electrical energy, received 
daily with current data D-2; 

• historically measured meteorological variables that have direct 
connection with a RES with measured data to D-2 (quantity of rainfall, level 
of rivers, solar radiation, temperature); 

• forecast meteorological data for these variables for day of production 
D. 

Methods are selected of the base on minimizing the criterion 2MAPE , 

defined as: 
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where: 
i  is an index of the hour (0-23), 

iP  is a forecast at the hour i , 

iS  is a real value at the hour i . 

The result was evaluated as a relative error of the produced electrical 
energy for the day: 
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where: 

pE  is the forecast quantity of electrical energy for the day in a day of 

production D, 

sE  is the measured quantity of electrical energy for the day in a day of 

production D. 
The most accurate is the model of forecasting, in which the total hourly 

forecast for the production of electrical energy from HPP is the sum of 
individual forecasts for groups of HPP depending on the forecasted and 
measured meteorological data. In this model, the error for the period 01–
03.2011, estimated by formula (1) is 6,23 %, but as energy by formula (2) is 
1,23 %. A significant drawback of this method of forecasting is that it 
strongly depends on the reliability and the period of receipt of the actual 
measured load profiles, measured meteorological variables and forecast 
meteorological data. 

PVPP for which shall be drawn hourly forecast of their production, have 
the following a territorial location and installed generating capacity: 

• region Blagoevgrad, Sandanski, Petrich – 2,038 MWp; 
• region Ihtiman, Sofia – 3,055 MWp; 
• region Pleven, Vidin – 2,5805 MWp. 
As the NIMH there is only one automatic meteorological station in Sofia, 

which measures hourly solar radiation in W/m2, therefore, the developed 
methods is using for historical measured data, the data for solar radiation 
for Sofia and the forecasts for the relevant regions. It has been made 
experimental link between the forecast definitions of „considerable 
cloudiness“, „cloudiness“, „particulary cloudiness“, „smoke bomb“, „sunny“ 
and the hourly values of the solar radiation in W/m2. 

Thus in the model for the daily hourly forecasting of the electric energy 
production from PVPP are used for historical profiles the following data: 

• measured hourly values of the produced electrical energy from PVPP, 
aggregated for the relevant region; 

• measured hourly values of the solar radiation in Sofia; 
• forecast hourly profile for the solar radiation to the relevant regions 

defined as a function of the definitions in the forecasts (sunny, considerable 
cloudiness etc.) as well as and on its dependence on the sunrise and the 
sunset in these geographic areas (longitude) according astronomical 
calendar for 2011. 

In this model, the error for the period 01–03.2011, estimated by formula 
(1) is 8,5 %, but as energy by formula (2) is 2,18 %. 



Workshop: “Renewable Energy Technologies” 

191 
 

Weekly aggregated forecast profile (red line) and measured profile 
(green line) of PVPP in western Bulgaria are presented in fig. 4. 
 

 
Fig. 4. 
 

Daily aggregated forecast profile (red line) and measured profile (green 
line) for all PVPP in considered territory are presented in fig. 5. 

 

 
Fig. 5. 
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To improve the accuracy to drawing of the daily hourly forecasts should 
mainly relying on improving the accuracy of the used meteorological 
forecasts as well as on improving the accuracy of the measured data. 

The measured meteorological and electrical variables must be 
measured hourly, i.e. as average values for interval of 60 min. The forecast 
meteorological variables through a mathematical model must also be 
presented exactly to an interval of 60 min. 

The drawing of accurate daily hourly forecasts in the area of the 
electrical energy production from RES is required and sine qua non for the 
successful operation of the new energy market model, for the transition 
from centralized to decentralized generation of the energy sector and for 
the transition of the traditional energy system to intelligent Smart grid. 
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