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IZEN ENERGY SYSTEMS NV
6.659 kW BUCUREŞTI PHOTOVOLTAIC 
PRODUCTION PLANT

TECHNICAL BID FOR TURN KEY SOLUTION
For : Machiels nv, Philip Vercauteren 
October, 22 -  2012– STI

The present business proposal contains technical information that must be considered as confidential 
and therefore cannot be transmitted nor made available to any person other than its recipient and the 
staff members directly involved, without the previous consent of IZEN energy systems nv.
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1. INTRODUCTION

Following previous contacts, the object of this document is to provide a technical proposal regarding the 
construction of one photovoltaic production plant in România, Bucureşti, with an installed power of ap-
proximately 6,66 MWp.
Along the following sections of the present document all technical aspects which have an effect on the 
PV plant will be presented.

2. PV PLANTS IDENTIFICATION

România, Bucureşti, Strada Macului.
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3. PRE-PROJECT CONSIDERATIONS

Without any data concerning geotechnical studies on rammed frames, it’s not possible to realize an exact 
evaluation regarding the civil construction works to be done on site. However, we have considered that 
the ground composition allows the weight for the proposed structures and other required civil works.

We have considered that the terrain’s topography and composition allows execution of foundations for 
the proposed structures, with the utilization of ramming, and other required civil works. These consid-
erations do not avoid the requirement of geotechnical and topographical studies in a further stage of de-
velopment. Based on the existing information, the available land will be enough for the project execution.
Works related with water channeling renewal, passages over streams, runoff damages, drainage ditches 
or any other civil work related with water channeling, were not considered at this stage.

Regarding road accesses to this plant, we have considered that the existent accesses are able for the 
circulation of each single type of vehicle required for the correct plant execution.

This document refers to all the works, materials and necessary equipment for the construction of a 
ground PV plant until the connection cabin, in which are included PV modules and ground fixation struc-
tures, inverters, cabling, junction boxes, monitoring system,   transformers, transformers stations and 
a substation.  

The fencing and road works are descripted with the possibility to realize them by a local contractor.
Surveillance system or cameras are not included in our study. 

With the previous limitations and considerations we intend to present what we believe to be the best 
solution in terms of ease of use, optimization and efficiency.
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4. PV PLANT

4.0 GENERAL DESCRIPTION

The presented plant will have it’s production from renewable source, specifically photovoltaic 
with peak power for 26112 panels of 255 Wp* = 6659 kWp
*In function of the availability of modules the wattage can be higher or lower with respect of the 
total output of the plant. 

The main issues regarding the plant will be presented hereinafter.

Transformers are planned in a number of 8 with a capacity of 800 kVA. The work load of the 
transformers is calculated to be max.95%. The highest production is generated by three-phase 
string inverters with a peak efficiency of 98.3% even at low irradiation. With the panels mounted 
under 25° and a shadow angle of 21,35° the totality of the power plant will have an optimized 
performance and a yield production of 1377 kWh/kWp. (by PV Syst calculation)
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4.1 CIVIL WORKS

Some civil works that will take place during the plant execution are referred hereinafter for the 
technical description but not necessarily included in our offer:

•   Fences & Gates:  all materials galvanized and coated with polyester powder coating in a 
green color ex. Ral 6005
The fences will be realized with the following materials:
Fences Posts rectangular with a section of 60x40x2mm, placed every 3 meters
Underground depth of post : 400 to 600mm
Height : 1930 mm (finished height of 2000 mm)  finished with a black synthetic recessed 
cap. 
Against this posts will be placed a 3Dprofiled panel 5/5m, mesh size 50 x 200 mm in 
lengths of 3 meter.
The special 3D technique (from Van Merksteijn) ensures that in spite of its limited weight 
this profiled panel is still astoundingly stable. 
Horizontal wires:   1 x Ø 5mm
Vertical wires:   1 x Ø 5 mm
Height:    2000 mm
Mesh size:   50 x 200 mm (in the 3D part 50 x 100mm)
Number of posts planned: 733P
Meters of Fences planned: 1832m

Gates: 
Double-leaf swing gate:  height 1930 x width 2500mm 
Gate panel:   standard double wire panel 8/6/8, 50 x 200mm
Frame:    tubular section in square bar steel 40 x 40 x 2mm
Lock:    Locinox lock in stainless steel. 
Number of gates planned: 2 gates      

This works can be executed before the mounting works started and without the presence of any 
of our installing people. 
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•   Execution of 3m wide internal roads with appropriate cover. The ground has to be removed 
over a depth of 30 cm and spread out over the field. 
In this bed there will be a placed a geo cloth F2B with overlap. On this geo cloth will be 
placed 30 cm of building rubble with a maximum diameter of 5 cm and a thickness of 30 
cm. 
This road base will be pressed and on top of it there will be placed pebble with a diameter 
of 1.5 cm in a drained way from 10 cm in the middle to 5 cm on the edges.
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•  Terrain preparation for Transformation Cabins. Around the Trafo stations the road struc-
ture is the same as all the roads. 
Under the Trafo stations there will be a concrete plate as foundation. This concrete plate 
has open spaces at both both sides for cable passages. 

As some cables cross the roads through underground conduits, this empty pipes should 
be brought in place by our installing workers during the construction of the roads.

•  Terrain preparation or leveling  for structures where the difference between 2 tables is 
more than 3°. (only a few places)
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4.2 FIXED STRUCTURE 

Without enough knowledge about the kind of soil we have considered that the terrain’s topog-
raphy and composition allows execution foundations for the proposed structures and other re-
quired civil works. These considerations do avoid the requirement of geotechnical and topo-
graphical studies in a further stage of development.

The modules support structures allow us to place them with a defined inclination in order to 
optimize to relation between the production and the shadowing. The ramming posts structures 
were dimensioned in order to support a wind velocity of 120 Km/h and are made of  steel witch 
is protected by hot dip galvanization.

The profiles supporting the modules and all module clamps are made of aluminum. The fixation 
screws in contact with aluminum are of stainless steel with anti-theft clamps. 

The selected structure is from a company that is a market reference fulfilling all the quality 
standards required for this type of installations.

This type of structure, with the usage of ramming will avoid the use of concrete in the soil, which 
besides environmental issues will be an advantage after the operation period, when dismantling 
shall be considered.

Regarding the layout, the placement of 4 modules in the vertical position and 6 modules in the 
horizontal position was the option selected, due to production optimization reasons. The follow-
ing figure shows the details for this structure.

Calculations were made in order to define the correct distances between rank, in order to accept 
small shadowing during different periods of the year.
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4.3 PV MODULES 

The scale of this project and the present market conditions made us consider several solutions 
for the photovoltaic modules, for example in terms of power specifications, to ensure this project 
modules supply. Nevertheless all our choices would have to meet certain quality requirements 
previously established, always with the perspective of searching exclusively bankable modules.

Before choosing PV module some studies had been made in order to identify the suppliers which 
would guarantee certain levels of quality and delivery deadlines. As a result of these studies, the 
chosen photovoltaic module for the preliminary configuration of this project is ReneSola, Poly 
or Virtus 255 Wp 

ReneSola modules benefits of 
•   Always till 5W +(PLUS) tolerances on peak power
•   Linear warranty. 
•   Power Guard warranty
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4.4 DC CABLES 
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4.5 INVERTERS 
The inverter is responsible for converting direct current (DC), generated from the photovoltaic 
modules, in alternated current (AC) to be injected in the public electrical grid.

Considering the terrain surface is not equally it is better to use decentralized inverters which 
can increase solar production in these circumstances.

All the inverter’s specifications were taken into account when designing the PV plant and set-
ting up the number of modules in series (fixing the value of tension) and the number of string in 
parallel (fixed power). 

Another very important fact on the inverter is its nominal power. The closer it works with this 
value, the higher performance it will get.

The selected inverters are a market reference fulfilling all the quality standards required for this 
type of installations, regarding protections, electromagnetic compatibility, etc.

These system designs were enhanced with the installation of REFUSOL 23K TL inverters for the 
total of the PV plant. 

Some of the features of this equipment are:
•   Faults notification via modem
•   Data acquisition and logging
•   Isolation protection
•   DC and AC over voltage protection
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4.6 MONITORING SYSTEM 
The plant monitoring is vital for the plant well-functioning and for taking advantage of system 
efficiency. This system consists in capturing data regarding energy production through the in-
version system using equipment that records, processes and transmits this data via internet 
(GSM or PSTN), internal plant server, etc.

Exploiting the equipment directly connected to the inverter, we have the advantage of besides 
the production data, getting several blocks of information regarding the inverter and plant sta-
tus. This way there is the possibility to follow and present in real time several parameters re-
garding the plant status, such as creating its history.

For the present project we selected Refulog proprietary monitoring system and control equip-
ment which is presented hereinafter. This system allows having a time tracking of several PV 
plants’ functioning parameters, such as production values. This system will also allow to keep 
historical data and to present it at any moment.

This system, among others, allows measuring:
•   Voltage and current values at the inverter input side.
•   Grid phase voltage and inverter output power.
•   Exterior temperature.
•   Modules temperature.
•   Hourly data.

In the following figure we can see a basic scheme of the monitoring system:

Produced energy:   9.169.443,- kWh    Reduced CO2:   4 969 ton
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Monitoring system basic scheme
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4.7 AC CABLES 
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4.8 TRAFO STATIONS & EQUIPMENT
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•   Ditches for low and medium voltage. These ditches shall be implemented in accordance 
with the guidelines that are established by the owner of the land.
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Single-Wire Diagram
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5. ENERGY PRODUCTION

In the present chapter we present the method we used to estimate energy production for this 
PV plant.

The energy produced by a PV plant is directly related with the solar irradiation, temperature 
conditions, and equipment’s efficiency. It is also related with its own design, equipment quality 
and implementation. The environmental conditions are non-predictable; however it is possible 
to be supported in existing meteorological databases to get meteorological references to our 
study.

The plant final yield will be a consequence of its own component Such yield will depend on used 
materials quality, their behavior under several operation conditions and other external factors 
such as dust and dirt.

5.1 CALCULATION OF PR
The solar irradiation and temperature data used in our study represent an average from 3 da-
tabases, which calculate this data using measurements taken from several meteorological sta-
tions using different interpolation data techniques. The databases used were the most refer-
enced on the PV business, namely METEONORM, PVSYST.
Nearest stations are: Bucuresti, Otopeni, Ruse

Regarding its meteorological characterization, the project location, Bucuresti has by itself 
enough radiation conditions for this project development considering the existing knowledge 
about Romania territory, the region of south east Romania has characteristics to obtain a good 
efficiency in this PV system. 
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The plant should receive an global horizontal irradiation of 1427 kWh/m2/year which results in 
a yield production of 1377 kWh/kWp.

In order to be able to compare different cells or even different photovoltaic modules, there are 
specified uniform test conditions, in which solar cells electrical data characteristic’s curve is 
identified. 

These “Standard Test Conditions” (STC) are in line with the standard IEC 60904/DlN EN 609O4:
•   E - 1.000Wm2 irradiance;
•   T - 25”C cell temperature, with 2”C tolerance;
•   AM - 1,5 air mass;

To get the incident irradiation gain in PV generator plane, we use one of the most recognized 
software in this field of study (PVSYST produced by University of Genève) that allows us to simu-
late the solar irradiation and energy produced in each plant with treat accuracy.

IZEN energy systems NV has created a database with medium values for each of previously 
specified losses, based on reference values from several referenced sources and measure-
ments taken from already existing plants.
Some of these values were introduced in PVSYST in order to obtain a PR value as near as pos-
sible to real value.

It should be taken in account that some of these loss factors, such as inverter yield, shadings, 
modules tolerance and temperature originated losses are calculated by PVSYST, since these 
values are calculated based on supplier data, for inverters and modules, and based on mete-
orological stations, for temperature and spectral/angular losses. For shadings, PVSYST has a 
shading design tool which allows us to calculate the losses originated by this factor.

Once all factor values are introduced in PVSYST, it will make a simulation calculating the PV 
plant PR.
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6. WARRANTIES

Photovoltaic Module Warranty

Guarantee will be given, by suppliers photoflash certificates, that the total peak power of the 
photovoltaic park will be equal or higher than the total peak power contracted. 
Each module will have a power guarantee which will stretch for 25 years under the following 
conditions:

Limited warranty

It is guaranteed for five years since sale date to end costumer that modules are free of as-
sembling and raw materials defects under normal use conditions. lf any defect is detected on 
a module during this period, it will be repaired, replaced or the value of purchase is to be re-
funded. This guarantee is lost if an exchange of place for the module installation occurs.

Extension of limited warranty on power output to 10/25 years

lf any module presents an output power below 80% of minimum specified on datasheet in the 
period between the module sale to the end user and 25 years after, it will be repaired or re-
placed by a similar or equivalent module.

If any module presents an output power below 90% of minimum specified on datasheet in the 
period between the module sale to the end user and l0 years after, it will be repaired or replaced 
by a similar or equivalent module.

Inverter Warranty

Guarantee will be given, by supplier of Inverter.
IZEN always byes the inverters wit regular warranty of tree years and extended till 5 years. 
In this case the end customer has the possibility to extend this warranty until 20 years if exten-
sion has been ordered upon expiry of the regular warranty of 3 years.

More about the Refusol Warranties under: http://europe.refusol.com/fileadmin/user_upload/
pdf/certificate/Warranty_Certificate_EN_V06.pdf
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7. REFERENCES

Project 2008

Zonnecentrale Heusden-Zolder

Location

Machiels - LRM Heusden

Terrillaan 14 - 3550 Heusden-Zolder

Customer

Machiels nv

Ekkelgaarden 16

3500 Hasselt

Installation size 4704 kWp

Modules Upsolar 200 wp - 23 520 p

Inverters  REFUsol 15 K - 245 p

Frames VME - aluminium

Zonne- 
centrale

Heusden Zolder
4704 kWp

IZEN PROJECT
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Project 2009

Zonnecentrale Lommel

Location

Sibelco Lommel

Maatheide  - 3920 Lommel

Customer

Machiels nv

Ekkelgaarden 16

3500 Hasselt

Installation size 3076.80 kWp

Modules Upsolar 200 wp - 15384 p

Inverters REFUsol 15 K - 154 p

Frames VME - aluminium

Sibelco
Lommel

3076.80 kWp

IZEN PROJECT
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Project 2009

Zonnecentrale Maasmechelen

Location

Sibelco - Mechelse Heide Zuid

Steenweg naar As - 3630 Maasmechelen

Customer

Machiels nv

Ekkelgaarden 16

3500 Hasselt

Installation size 1152 kWp

Modules Upsolar 200 wp - 5 760 p

Inverters REFUsol 12 K - 80 p

Frames VME - aluminium

Sibelco
Maasmechelen

1152 kWp

IZEN PROJECT
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Project 2010

Zonnecentrale Overpelt

Location

Nyrstar - Overpelt – Nyrstar OGS + GGS

Siberiëstraat - 3900 Overpelt

Customer

Machiels nv

Ekkelgaarden 16

3500 Hasselt

Installation size 7600.32 kWp

Modules Trunsun 210 wp - 36 192 p

Inverters REFUsol 17 K - 377 p

Frames VME - aluminium

Nyrstar
Overpelt

7600.32 kWp

IZEN PROJECT
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Project 2010

Zonnecentrale Genk

Location

Genk – NV de scheepvaart

Kanaalweg, 3600 Genk

Customer

Machiels nv

Ekkelgaarden 16

3500 Hasselt

Installation size 499.2 kWp

Modules Upsolar 200 wp - 2 495 p

Inverters  REFUsol 16 K - 25 p

Frames VME - aluminium

NV de 
scheepvaart

Genk
499.2 kWp

IZEN PROJECT
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Project 2010

NV de scheepvaart

Location

Hasselt – NV de scheepvaart

Boksbeemdenstraat, 3500 Hasselt

Customer

Machiels nv

Ekkelgaarden 16

3500 Hasselt

Installation size 537.6kWp 

Modules Upsolar 200wp - 2 688 p

Inverters  REFUsol 16K - 28 p

Frames VME - aluminium

NV de 
scheepvaart

Hasselt
537.6 kWp

IZEN PROJECT



44

Project 2011

Zonnecentrale Tongeren

Location

Hödlmayr International 

Prinsenweg 2, 3700 Tongeren

Customer

Machiels nv

Ekkelgaarden 16

3500 Hasselt

Installation size 4536 kWp

Modules Upsolar 210 wp - 21 600 p

Inverters REFUsol 10 K - 152 p

Frames VME - aluminium

Hödlmayr 
International

Tongeren
4536 kWp

IZEN PROJECT
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Project 2011

Siponto

Location

Siponto - SAS Di Tinasol SRL

Sona Industriale D/46 - comparto2

71043 Manfredonia (IT)

Customer

Siponto - SAS Di Tinasol SRL

Installation size 956.8 kWp

Modules Renesola 230 wp - 4160 p

Inverters REFUsol 20 K - 52 p

Frames VME - aluminium

Siponto
Manfredonia

Italy
956.8 kWp

IZEN PROJECT
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Project 2012

Boudewijnsluis

Location

Havenbedrijf Antwerpen - GD255 Boudewijnsluis 

Boudewijnweg, 2030 Antwerpen

Customer

Havenbedrijf

Potpolderweg, Haven;

2040 Antwerpen

Installation size 172.32 kWp

Modules Yingli 240 wp - 718 p

Inverters REFUsol 20k - 7 p

Frames VME - aluminium

Boude-
wijnsluis

Antwerpen
172.32 kWp

IZEN PROJECT
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Project 2012

Zandvlietsluis

Location

Havenbedrijf Antwerpen - GD255 Boudewijnsluis 

Boudewijnweg, 2030 Antwerpen

Customer

Havenbedrijf

Potpolderweg, Haven;

2040 Antwerpen

Installation size 299.52 kWp

Modules Yingli 240 wp - 1248 p

Inverters REFUsol 20 K - 13 p

Frames VME - aluminium

Zand-
vlietsluis

Antwerpen
299.52 kWp

IZEN PROJECT


