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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

In this paper we present the results of monitoring a building integrated photovoltaic (BIPV) system, which was installed in Medio 
San Juan (Andagoya), Colombia. The system is operating in the Building of Renewable Energy of Chocó – CERCHOCO – and it 
is composed of a 20 kW photovoltaic generator connected to the electrical grid through a 20 kW three-phase inverter. We 
installed a monitoring system for measuring and analyzing the performance and power quality of the BIPV system. The 
meteorological and solar radiation data in the site of installation are also analyzed to correlate with system performance. On the 
basis of 2016 monitoring results, the performance of the BIPV system has been analyzed for component perspective (PV array 
and inverter) and global perspective (system efficiency, electrical energy and power quality etc.). 
Energy analysis and economic evaluation revealed that to get a trade off between energy and economic viability, the BIPVS 
installations must be heavily subsidized. 
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1. Introduction 

Photovoltaics on a large scale can extend the portfolio of the energy matrix for the supply chain. The use of this 
energy source has increased worldwide due to the active cooperation of countries and their governmental policies 
[1].  The increased use of photovoltaic systems is due to its minimal impact on the environment during its operation; 
because it uses primary energy from the sun directly and does not require processing of high energy density 
materials such as coal, water drops or oil. In addition, solar energy has a level of greenhouse gas emissions virtually 
null [2]. 

Since the BIPV offers the possibility to replace part of the traditional building material, with a possible price 
reduction in comparison to a classic rooftop installation [3,4], the correct estimation of system level performances, 
system reliability and system availability is becoming more important and popular among installers, integrators, 
investors and owners; with this purpose several tools and models were developed [1, 5,6,7]. The combination of 
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1. Introduction 

Photovoltaics on a large scale can extend the portfolio of the energy matrix for the supply chain. The use of this 
energy source has increased worldwide due to the active cooperation of countries and their governmental policies 
[1].  The increased use of photovoltaic systems is due to its minimal impact on the environment during its operation; 
because it uses primary energy from the sun directly and does not require processing of high energy density 
materials such as coal, water drops or oil. In addition, solar energy has a level of greenhouse gas emissions virtually 
null [2]. 

Since the BIPV offers the possibility to replace part of the traditional building material, with a possible price 
reduction in comparison to a classic rooftop installation [3,4], the correct estimation of system level performances, 
system reliability and system availability is becoming more important and popular among installers, integrators, 
investors and owners; with this purpose several tools and models were developed [1, 5,6,7]. The combination of 
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different phenomena, such as the solar radiation available on site, the presence of dust, the shadowing or UV 
radiation over long outdoor exposure, affect in different ways the real performance of BIPV systems and thus the 
related economic evaluations [8-10].  

In 2015, some 60GWp of new photovoltaic (PV) systems were installed globally [11] bringing the total 
worldwide installed capacity to nearly 250GWp, with Asia leading the wave of new installations [12]. Information 
Handling Services Inc. (HIS) has raised its global solar PV forecasts for 2016–65 GWp, and over 70 GWp expected 
to be installed in 2019 [13]. By 2020, the cumulative global market for solar PV is expected to triple to around 700 
GWp [14].  

At present, the department of Chocó has several municipalities where the electric power service is offered 
through diesel plants installed by the Institute for Planning and Promotion of Energy Solutions for Non-
Interconnected Zones (IPSE in Spanish).  These plants, in addition to not being friendly with the environment, have 
a period of operation of 6 to 12 hours, others have left operation. This is mainly due to the high costs of carrying the 
fuel by sea, from the port of Buenaventura to the place where the plants are installed, which directly impacts the 
economy of these areas. In addition, the department of Chocó is characterized by a humid tropical climate, 
surrounded by lots of vegetation, fauna and large rivers that cross from south to north. Chocó has an average 
temperature of 27 °C, a relative humidity of 90% and a precipitation that exceeds 9000 mm a year, being considered 
the second rainiest territory in the world, after Cherrapunji, India. 

In this work we present the results of monitoring a 20 kW BIPV system carried out during the first year of 
operation (2016). The results indicate that the BIPV system generated 21817 kWh/year in 2016 of AC energy, while 
the efficiency of the photovoltaic generator was 13.87 % 2016 on average. 
 
Nomenclature 

BIPVS Building Integrated Photovoltaic System  
PV Photovoltaic 
DC Direct Current 
AC Altern Current 
YRV Reference Energy Performance 
YF Final Yield 
YA Array Yield 
PR Performance Ratio 

2. System description 

The BIPV system is composed of 80 polycrystalline silicon modules (Amerisolar ASP-6P30), 250 W each, and a 
20 kW (STP 20000TL-30) dc/ac inverter.  Due to the fact that the voltage required by the inverter to activate its 
maximum power point circuit (VMPP) is in the range 320 - 800V, the 80 modules were connected using 4 branches in 
parallel with 20 modules in series per branch. In this way, the total photovoltaic array power is 20 kW. 

We installed a backup energy system composed of 132.7 kAh battery bank (48 batteries Sunlight OPZS 2765) 
connected to the grid through 6 SMS Sunny Island ac/dc inverters (220 Vac, 60Hz). 

Fig. 1 shows the wiring circuit of the complete system composed of following parts: 
 The BIPV system composed of the PV array and the dc/ac inverter. 
 The backup energy system. 
 The multi-cluster box (220V, 60Hz). 
 The monitoring system composed of the data acquisition system (Sunny Webbox) and the Sunny Portal online 

system.  
The STP 20000TL-30 inverter complies with the requirements of the IEEE 929-2000 standard in terms of 

electrical power quality: voltage harmonic distortion, harmonic components, variations in voltage and frequency, 
and flicker and power factor presence. The system was monitored to analyze the energy performance and the power 
quality generated during the year 2016. 

3. Monitoring system 

Solar radiation and ambient temperature are measured through a Davis Vantage Pro 2 Wireless weather station, 
located near the PV generator. The recording of these measurements is done every minute for the entire year 2016. 
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Fig. 1. Block diagram of the BIPV system, including the devices of the monitoring system. 

 
The sensors’ technical specifications are the following:  
a.) Solar Radiation: A Hukseflux Thermal Piranometer model with a measurement range of 400 – 1100 nm and a 

sensitivity of 15 μV/W/m2. 
b.) Environment temperature: We used a 083E-L device with a 10 k NTC thermistor at the standard 

temperature of 25°C. The electrical resistor variation of this device in function of temperature has a 
measuring range from -50°C to 50°C and a precision of 0.18°C. 

We use the dc and ac signals digitized by the inverter to take them to the computer and analyze them. To do this 
we use a device called “Sunny Webbox” which is a communication interface that connects the inverter of the BIPV 
system to the Internet and to the computer (through the RS485 port). Once the information is obtained, it can be 
downloaded to a computer, in CSV or XML format. 

The sunny portal is a free-to-use online platform that allows the owner of the BIPV system to visualize the status 
of the PV plant and to graph each of the variables compiled by the Sunny Webbox. 

Fig. 2 shows the ac power generated by the BIPV system, for November 26, 2016, accessed through the sunny 
portal. 

4. BIPV system performance results 

The PV generator performance is affected by the temperature and irradiance affecting solar cells. 
Fig. 3a and Fig. 3b show the main results of the PV generator performance for 2016. 
The PV array efficiency recorded an average of 13.87 % for 2016; with a minimum of 12.5 % in the month of 

September; and a maximum of 14.9 % for the month of March. These results are due to the influence of temperature 
on the solar modules and changing conditions of cloudiness as shown in Fig. 3b. 
 

 
Fig. 2. Sunny portal showing the AC power of the BIPV system. 
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The DC energy production of the PV array was 23307 kWh/year in 2016. The average DC power for the first 
monitoring year was 1942.3 kWh/month. 

The lowest solar radiation was in the months of March, May and December, with up to 2.45 kWh/m2-day. 
January and July recorded the highest radiation with 3.25 kWh/m2-day. The total annual average was 2.83 kWh/m2-
day. 

The temperature variation for the twelve analysis months was between 23.78 °C to 26.43 °C. 
 

(a) (b) 
Fig. 3. (a) Annual profile of the average daily DC Energy and the PV Array Efficiency for 2016. (b) Annual profile of the average daily Solar 

Irradiance and the Ambient Temperature on the PV array for 2016. 
 

Fig. 4a shows the whole PV system efficiency variation versus the AC power production generated by the 
inverter. Fig. 4b compares the monthly inverter’s efficiency average values with the AC voltage average for 2016. 

 

(a) (b) 
Fig. 4. (a) Annual profile of the average System Efficiency and the AC Energy for 2016. (b) Annual profile of the average Inverter Efficiency 

and the AC Voltage for 2016. 
 
As it might be expected, the whole system efficiency is less than the PV array efficiency due to losses associated 

with the transformation of DC into AC power by the inverter. The most representative months were June and 
November with values above 11 %, while the lowest months were February, May and August with values that 
ranged between 9% and 9.5 %.  The whole system average efficiency was 10.3 %. 

On the other hand, the generation of AC energy was 21817 kWh/year for 2016. The average AC energy was 1818 
kWh/month. The low levels of AC energy in Fig. 4a are caused by losses in transportation between the array and the 
PV inverter, and by low solar radiation days as well due to periods of rain in the country. 

The results of Fig.  4b reveal a monthly average inverter efficiency of 95.7 % for the first monitoring year 
varying between 92.1 % and 97.5 %. The voltage was always maintained in 10% of the nominal voltage of the electrical 
grid: the lowest recorded value was 220.6 V in May while the highest was 220.9 V in March.  

In Table 1 are listed values of the AC energy produced by the BIPV system and parameters YA, YR, YF, PR, LC 
and LS. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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Table 1. Values of: total energy produced by the BIPV system, parameters YR, YA, YF, PR, and LC, LS losses. 

Month-2016 
AC Energy 

(kWh) YR  YA  YF  LC (h) LS (h) PR (%) 

January 1878 118.51 102.45 65.4 21.2 27.8 0.67 

February 1845 113.23 104.67 69.5 22.3 22.7 0.63 

March 1743 102.31 101.32 67.4 12.4 24.2 0.66 

April 1837 122.65 105.57 65.3 11.8 32.6 0.63 

May 1877 120.76 104.12 68.7 14.2 28.6 0.68 

June 1808 113.65 102.89 69.3 10.4 29.5 0.72 

July 1910 114.87 104.54 79.4 13.2 29.2 0.76 

August 1836 119.12 109.38 82.3 14.5 32.5 0.75 

September 1675 112.72 119.78 85.6 12.1 31.6 0.74 

October 1765 103.91 102.34 72.1 12.7 35.8 0.78 

November 1754 106.73 104.67 66.5 10.3 33.9 0.71 

December 1889 112.34 103.17 68.7 18.5 31.6 0.78 

Total   1360.8 1264.9 726.2 173.6 360   
 

The total annual final yield YF for the PV system installed was 726.2 kWh/kWp-year. This value is according to 
those ones obtained for grid connected PV systems installed in several IEA-PVPS countries, which varies between 
700 and 1840 kWh/kWp-year.  

The reference energy performance YR recorded a value of 1360.8 kWh/kWp-year. The lowest value is recorded 
in the month of March with 102.31 kWh/kWp-year and the highest in the month of April with 122.65 kWh/kWp-
year. The performance of the PV generator YA, recorded 1264.9 kWh/kWp-year and the high and low registers of 
the same performance are of 119.78 y 101.32 kWh/kWp-year corresponding to the months of September and March 
2016. The calculated performance ratio of the PV system varies between 0.63 and 0.78 along the 12 months that we 
have monitored it.  

5. Conclusions 

The initial design of the photovoltaic system was meant to produce 21600 kWh/year of AC power. This value 
was exceeded by 217 kWh/year in 2016. 

Solar radiation in Andagoya averaged 2.83 kWh/m2-day, allowing an increase in the AC power generation of the 
system with regard to what was originally calculated. 

The energy quality parameters: voltage, frequency, power factor, flicker and %THDv were all within the limits 
recommended by IEEE-929-2000. 

Changes in the national energy regulations as well as support for funding power renewable generation systems 
could be incentives for people to install residential photovoltaic systems massively in Colombia. 
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