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1. INTRODUCTION

A three new roof-mounted grid-connected photovoltaic (PV)
power plants have been constructed in the Technology Park at
the Technical University of Gabrovo, Bulgaria, as part of a
Project BG05M2OP001-1.002-0023 Competence Center
“Intelligent Mechatronic, Eco and Energy Saving Systems and
Technologies” (https://smeest.eu), funded by an Operational
Programme Science and Education for Smart Growth, co-
financed by the European Union through the European
Structural and Investment Funds.
The photovoltaic power plants are part of the equipment of the
new laboratory section “Ecological, energy saving and
electromagnetically compatible lighting, LED and RES
components and technologies”, in which scientists and
specialists of one of the largest centers for research of
photovoltaic systems in Bulgaria - Technical University -
Gabrovo are engaged.



Technology Park at the Technical University of Gabrovo, Bulgaria



1. INTRODUCTION

Three different types of technology of the PV modules have
been used: mono-crystalline silicon (mono-Si), cadmium
telluride (CdTe) and copper indium gallium selenide (CIGS).
With the new three power plants, together with the existing
photovoltaic power plants in TU-Gabrovo with modules of
amorphous silicon and poly-crystalline silicon, 5 different
photovoltaic materials can be tested simultaneously. A
small 500 Wp mono-Si photovoltaic thermal hybrid solar
collectors (PVT) PV system is also constructed.
The power plants are equipped with a system for monitoring
the meteorological and electrical operating parameters, which
measures, displays and stores data on solar radiation,
temperature, wind speed, currents, voltages, and electrical
power of each power plant.



- Monocrystalline silicon (mono-Si) – 44 pieces PV modules, 10 kWp

- Cadmium telluride (CdTe) – 96 pieces PV modules, 9.6 kWp

- Copper indium gallium selenide (CIGS) – 90 pieces PV modules, 9.9 kWp

2. TECHNICAL CHARACTERISTICS OF THE USED mono-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES

Three different types technology of the PV modules

Disposition of the 
three PV power 

plants on the roof 
of the 

Competence 
Center building at 
The Technology 

center of 
Technical 

University of 
Gabrovo



Technical data at standard test conditions (STC) of the three 
different types technology of the PV modules

Parameters at STC*
m-Si 

by Risen, 
model SYP250M

CdTe
by Calyxo, 

model CX4 100/3

CIGS
by Hulket,

model 1100E1

Nominal power, [Wp] 250.00 100.00 110.00

Voltage at maximum power, [V] 30.40 72.60 56.90

Current at maximum power, [A] 8.25 1.38 1.93

Open circuit voltage, [V] 37.50 72.60 73.40

Short circuit current, [A] 8.59 1.53 2.10

Maximum system voltage, [Vdc] 1000 1000 1000

*Standard test conditions:
- Solar irradiance: 1000 W/m2

- Mass of the air: AM 1.5
- Temperature of the PV cell: Tc = 25 C

2. TECHNICAL CHARACTERISTICS OF THE USED mono-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



mono-Si PV modules power plant

2. TECHNICAL CHARACTERISTICS OF THE USED mono-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



I-V and P-V curves of the mono-Si PV module at different 
irradiation ans cell temperatures

2. TECHNICAL CHARACTERISTICS OF THE USED m-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



CdTe PV modules power plant

2. TECHNICAL CHARACTERISTICS OF THE USED mono-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



Performance at different solar irradiation of the 
CdTe PV module 100 Wp

2. TECHNICAL CHARACTERISTICS OF THE USED m-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



Comparative efficiency at different temperature of the PV 
cell between CdTe and crystalline silicon material

2. TECHNICAL CHARACTERISTICS OF THE USED m-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



CIGS PV modules power plant

2. TECHNICAL CHARACTERISTICS OF THE USED mono-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



I-V and P-V curves of the CIGS PV module at STC

2. TECHNICAL CHARACTERISTICS OF THE USED m-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



I-V and P-V curves of the CIGS PV module at various temperature

2. TECHNICAL CHARACTERISTICS OF THE USED m-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



I-V and P-V curves of the CIGS PV module at various 
irradiance

2. TECHNICAL CHARACTERISTICS OF THE USED m-Si, 
CdTe AND CIGS PHOTOVOLTAIC MODULES



Huawei SUN2000-10KTL-M0

2. THREE-PHASE SINE-WAVE INVERTERS AND SMART 
LOGGER

Smart logger Solar Log 300



Inverters Huawei, model SUN2000-10KTL-M0

2. TECHNICAL CHARACTERISTICS OF THE THREE-PHASE 
SINE-WAVE INVERTERS

Input Output
Maximum PV power 14 880 Wp Grid connection 3 phase

Maximum voltage 1 100 Vdc Rated output power 10 kW

Operating voltage range (140 ÷ 980) V Maximum apparent power 11 kVA

Start-up voltage 200 V Rated output voltage 230/400 Vac

Full power MPPT voltage range (470 ÷ 850) V Rated AC grid frequency 50 Hz

Rated input voltage 600 V Maximum output current 16.9 A

Maximum input current / MPPT 11 A Adjustable power factor 0.8 ind ÷ 0.8 cap

Maximum short-circuit current 15 A Maximum total harmonic 
distortion (THD)

≤ 3 %

Number of MPP trackers 2 Maximum efficiency 98.6 %

Maximum number of inputs 2



Efficiency curves of the inverter SUN2000-10KTL-M0

2. TECHNICAL CHARACTERISTICS OF THE THREE-PHASE 
SINE-WAVE INVERTERS



I-V curve meter
DC voltage up to 1500 V

2. ADDITIONAL LABORATORY MEASURING EQUIPMENT

Thermal inspection 
infrared camera

Power quality analyzer 
class A



Communications with the Inverters and Smart logger
Access over a Public Network

2. TECHNICAL CHARACTERISTICS OF THE THREE-PHASE 
SINE-WAVE INVERTERS



Communications with inverters SUN2000-10KTL-M0
Access over a Local Ethernet and WiFi

2. TECHNICAL CHARACTERISTICS OF THE THREE-PHASE 
SINE-WAVE INVERTERS



Direct communications with inverters SUN2000-10KTL-M0
over WiFi with FusionHome App

3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS



Solar-Log 300 – instantaneous values of AC power of the 
inverters of the three PV systems

3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS



3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS

Solar-Log 300 – Inverter details of the mono-Si PV modules  



Solar-Log 300 – Inverter details of the CdTe PV modules  

3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS



3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS

Solar-Log 300 – Inverter details of the CIGS PV modules  



3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS

Solar-Log 300 – Monitoring of the energy flow



Solar-Log 300 – Production of electricity by months

3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS



Production of electricity in July 2020

3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS



All the monitored data is stored at every 5 minutes and can be 
exported as CSV file for additional more in-depth software analysis

3. INITIAL DATA FROM SOFTWARE FOR MONITORING OF 
METEOROLOGICAL AND ELECTRICAL PARAMETERS



4. ASSESSMENT OF THE ECOLOGICAL EQUIVALENT OF 
THE SAVED ENERGY IN BULGARIA

In Bulgaria, a mandatory state “Ordinance № E-RD-04-3 from
4.05.2016 on eligible measures for the implementation of
energy savings in final consumption, ways of demonstrating
the energy savings achieved, the requirements for their
assessment methodologies and ways of confirmation“ applies.
A Specialized Commission on Electricity at the National
Agency for Sustainable Energy Development, with the
participation of the author of this publication, has developed a
Methodology for estimating energy savings when installing
photovoltaic systems, according to the Ordinance.



4. ASSESSMENT OF THE ECOLOGICAL EQUIVALENT OF 
THE SAVED ENERGY IN BULGARIA

Type of energy resource / 
energy

Conversion factor from 
FES to PES, considering 

energy losses

Ecological equivalent 
coefficient

ep fi
[-] [gCO2/kWh]

Industrial gas oil, diesel 1.10 267
Fuel oil 1.10 279
Natural gas 1.10 202
Propane-butane 1.10 227
Black coal 1.20 341
Lignite / brown coal 1.20 364
Anthracite coal 1.20 354
Coal briquettes 1.25 351
Firewood, pellets 1.05 43
Heat from district heating 1.30 290
Electrical energy 3.00 819

Reference values of the conversion factor considering the losses for extraction / 
production and transmission of energy, including fuels, and Reference values of the 
coefficient of ecological equivalent of energy



4. ASSESSMENT OF THE ECOLOGICAL EQUIVALENT OF 
THE SAVED ENERGY IN BULGARIA
The analysis of the initial data from the monitoring systems of the new photovoltaic power plants 
in the Technology Park of the Technical University ‐ Gabrovo, allows calculation of the necessary 
parameters for assessment of their impact on reducing carbon emissions and climate change.
Web‐view of the software for monitoring the 30 kWp (mono‐Si, CdTe and CIGS) grid‐connected 
power plants showing CO2 emissions avoided for the period from the launch of the power plant in 
May 2020 to July 2021, which are a total of 32.14 tons.



4. ASSESSMENT OF THE ECOLOGICAL EQUIVALENT OF 
THE SAVED ENERGY IN BULGARIA
The Android (left) and Web‐based (right) software for monitoring the small hybrid PVT system 
(Fig. 2) are configured also to directly calculate the environmental benefits of its operation. 
The figures show an exemplary screenshots indicating the saved kilograms of CO2 emissions from 
the beginning of the system operation, as well as the corresponding number of saved trees or 
gained kilometers of movement of an airplane or a car with an internal combustion engine. The 
saved CO2 emissions for the period from the launch of the power plant in May 2020 to July 2021 are 
about 950 kilograms.



5. CONCLUSIONS

With the construction of the new three mono-Si, CdTe and CIGS power
plants presented, together with the existing photovoltaic power plants with
modules of a-Si and p-Si, 5 different photovoltaic materials can be tested
simultaneously in the new laboratory at the Technology park of the
Technical University of Gabrovo. The initial measured and stored
comparative data from software for monitoring of meteorological and
electrical operating parameters - solar radiation, temperature, wind speed,
currents, voltages, and electrical power of each power plant, confirm the
operability and functionality for future research of the new photovoltaic
power plants constructed. Their modern systems for monitoring allow for a
detailed analysis of the produced electricity and assessment of the impact
on climate change of a similar type of widespread in Bulgaria roof-mounted
PV power plants.



5. CONCLUSIONS

The carbon savings achieved by the small rooftop photovoltaic
power plants in the present study are relatively small for major
impacts on climate change but are useful with the ability to
assess the savings potential of different photovoltaic module
technologies. The considered technical solutions for roof PV
power plants with a power of up to 30 kWp and their results
are significant for the current stage of development of
photovoltaic electricity in Bulgaria, as only for such power
plants there is still FiT. A study in the register of newly built
photovoltaic power plants in Bulgaria shows that in 2020, 759
new plants were built, of which 727, or 96% have a capacity of
up to 30 kWp.



5. CONCLUSIONS

The technical solutions developed in this study and the results
obtained can be useful for the correct choice of technology of
photovoltaic modules and other elements of photovoltaic
power plants, as well as for assessing their impact on climate
change in Bulgaria and other countries or regions with similar
weather conditions and profiles of energy sources in their
electricity systems.
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