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Among the various solar energy technologies presently available photovoltaics is the most
innovative and promising, both in the medium and long term, due to its modular structure, simplicity,
reliability, low maintenance requirements and likely technological progress.

The present project concern the realization of a grid connected 1 MW, pilot photovoltaic
plant on the territory of the Republic of Bulgaria. The purpose of the project is to demonstrate and
prove solar energy usage advantages, A special attention will be paid to the possibility generated
electricity to join the national electric network. Thus the necessity of accumulation will be avoided
and the effect of daily load peak compensation will be felt.

The EPHOP project development has to meet the following requirements: Minimizing of
investment costs on medium scale PV plant; Assuring conditions for maximum energy production;
Providing simple maintenance and minimum operating costs; Amortization durability of installations.
1. Project Site

The following factors have to be kept in mind when a site is selected for the EPHOP:
Maximal value of the mean annual solar radiation; The highest number of sunny days in the winter
months; Adequate climatic parameters: mean winter temperatures, snow falls for the region,
dangerous wind blowing and risk of installation icing.
1.1. Regions Suitable in Regard to Climatic Parameters

The Strandja seashore region is particularly suitable for solar systems to be install. The
summers are hot. The winter is featured by mild temperature regime and relatively small number of
cloudy days. Because of its southern location and comparatively great number of sunny days the
concerned Black Sea climatic sub-region is the most favorable in regard to solar energy potential. To
illustrate the regional solar potential the total daily solar radiation data for Rezovo station is used for
the period 1986-1995.

A great similarity is noticed in the solar radiation values for Rezovo, Sandanski and Thessaloniki.
The total annual solar radiation Q is between 1315 and 1390 kWh/m2 reaching the maximum in June
and July and the minimum in January and February (Fig. 1). For the period April - October Q
amounts to 1050 - 1120 kWh/m2. The total annual sunshine duration reaches 2228 hours. A
maximum value of 330 h has been recorded in July and a minimum one - 78 h in January.

These climatic conditions make the region especially suitable for P V plant construction.
1.2. Economically and Technically Feasible Regions.

The requirements are ecologically non-polluted region, consumer availability and especially
increased consumption in the summer, lack of energy producing capacities near by, well branched
grid-net, free areas available, suitable for PV plant construction.

One of the most suitable Bulgarian regions which meets the above mentioned requirements is
the Strandja Black Sea coast.
• The Strandja region is of good ecological status. There are no substantial polluting sources

located near by,, hence, the level of pollution is low and is due to transregionat influences. The
highest concentrations SO2 (above 10 Mg/y) is registered in the region of the TPP"Mariza-Iztok".
In the Strandja Black Sea coast this concentration is several tens of times lower. This features the
region extremely favorable for relaxation and tourism in the summer, especially.

• The number of people steeply grows in the summer season due to tourists' visits and the energy
consumption jumps several times as compared to the rest of the year.



• There are no electricity producing facilities in the region. The TPP"Maritza Iztok" feeds this
region through the national grid-net and the energy transportation losses are about 8 %. As the
photovoltaic plant can connect the users at a low voltage, the losses at the 110/20 kV and 20/0.4
kV transformation could be avoided. Thus the total losses will be decreased by 12 %.

• There exists a well-developed grid-net with a sub-station in the region.
• There are a lot of vacant areas at the Strandja foots, suitable for construction of solar plant.

Locating the PV plant near Ahtopol would be especially favorable. The electricity consumed
in summer months (June - October) exceeds over 7 times the electricity consumed during the rest of
the year (Fig. 2-1). That coincides profitably the maximum of a PV plant production. On the other
hand, for the peak period the electricity price is the highest and exceeds 0.4 lv/kWh. The direct PV
plant economical effect related not the cost only but it prevents technical difficulties connected with
peak consumption.

An attractive opportunity to decrease investment costs offers the usage of the existing 20/0.4
kV transformer of the sub-station of the necessary power. If a PV field was build near by the sub-
station the expenses for power transformer and 20 kV electrical equipment would be saved. The PV
generated electricity can be directly fed to the 0.4 kV bar, i. e. directly to the consumer. In case the
low voltage consumption is smaller than the generated energy the difference can be switched on into
the 20 kV grid-net. Near by the sub-station transformer there is a suitable ground a 10000 m2 PV
field to be developed. The same ground can be used an International Center for Solar Equipment
development and testing to be created for research and educational purposes. The climatic and
geographic conditions provide excellent possibilities for that. All these make the PV plant realization
exceptionally actual as a clean energy source for the region.
2. Project Description
2.1. PV Plant General Aspects

The main installations form four groups: 1/ PV array, II Power condition unit, 3/ Control
and measuring equipment, 4/ grid-net appliances.

The PV array is divided into 10 sections of 100 kW power each. There are 100 module units
in a section. Each section disposes of 3-phase 380V/20kV transformer. The single module unit is of
1-1.2 kW power and 48 V DC nominal voltage (Fig.3). PV modules are connected in 8 strings with 4
modules each. They have to meet the requirements for sea moisture corrosion stability and to
withstand wind of 30 m/sec velocity. Each module contains 36 to 40 silicon solar cells and have
maximum power 40 Wp. The module unit comprises lightening protection, a harmonics filtering and
an inverter. The inverter is of 1.5 kW nominal power and converts the 48 V DC into AC 3-phase
voltage (380 V). It is with sine waveform of 50 Hz frequency and possibility for synchronization by
phase. This technical solution supposes to work with 1000 small inverters but thus high voltages or
strong currents in the DC circuit are prevented.

Another possible configuration proposes three 330 kW inverters used in a "master/slave"
mode. The new generation units (Sinvert solar) are based on the standard "Masterguard S"
uninterruptible power supply units from Siemens and fulfill all of the requirements that must be met
by standardized modular systems. The inverter "Sinvert solar" converts the direct current generated
by the PV modules to mains-compatible three-phase current for direct input to the supply system.
"Master/slave" combinations enable the system to be scaled as (20 kVA - 1 MVA) - Fig.4. The 330
kWp PV generator is based on 2900 standard solar module with nominal power 110 Wp and nominal
voltage 17.5 V. The 36 PV modules are series connected in string. Five strings make PV array with
20 kWp power and nominal voltage 630 V dc. The 300 kWp PV generator have 15 PV arrays.

When the PV generator configuration is selected the following factors have to be accounted:
minimum investment costs, reliability, simplicity in operation, easy maintenance and repair, quality of



the electricity produced. In that aspect the first configuration offers certain advantages since standard
modular equipment is used and that means lower installation prices and operation requirements

The plant is connected to 20 kV distribution network through an overhead line leading up to
the inlet of the medium voltage substation located in the main building.

The yearly energy output is Ey = Kp.Qy.Pp. Under the Strandja region conditions where the
yearly average solar radiation Qy equals 1360 to 1370 kWhW.year, the yearly electricity output of a
1 MW PV plant will be 1100 MWh if the productivity Kp is assumed to be 0.8. Over 75% of this
amount relate the months April - September (Fig. 2-2).
2.2. PV Electricity Production Cost

The overall expenses for the period concerned defined the cost price of PV system produced
energy: investment costs, maintenance costs, operating costs. The concerned period number of years
has to be smaller than the PV module potential lifetime.

Compared to the thermal and nuclear plants, the technical and economical analysis show that
a PV plant has higher investment costs (Table 1), but there are no fuel, operation and environment
protection expenses. It is known that in case the complete cleaning procedures for dust, sulfur oxides
and other harming emissions are applied in a thermal electricity producing plant a 25 % increase of
investment and operational costs will occur. Regardless of the advanced cleaning equipment the CO2
emissions remain and they affect gravely the environmental balance and there is no monetary
equivalent of their harmful influence. The conservation costs at nuclear plant' close down are not
accounted for in their produced electricity cost price, as well as the costs for nuclear wastes storage
and recycling.

The PV plant period of operation is much longer than 20 years. They can be used with no
problems for almost 50 years. For that period no repair and maintenance are required for the most
expensive part of the plant - the photovoltaic modules. The longer period of operation, the lack of
amortization and operation costs lead to a real decrease of the cost per kWh PV produced energy.

Table 1.

Investments($/kW)
Fuel expenses($/kWh)
Operation expenses($/kWh)

PV plant

4000
-

minimal

Thermal Power
Plant
1200-1500
0.0166
0.0106

Nuclear Power
Plant
2200
0.0097
0.0088

Hydro Power
Plant
2000
-
low
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