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Abstract. The article deals with use of solar panels directly for heating of water with active resistance. For 

achieving the maximum power it is important to use correct value of resistance. At optimal working conditions 

(most important is high solar irradiance) this value can be obtained from data given by the panel’s producers, but 

for lower solar irradiances the optimal resistance is higher than that. In this article the energy amount obtained 

from a solar panel loaded with constant resistance (long-term optimal for local conditions) is compared with that 

obtained from an equal panel using the solar invertor Enphase with MPPM function. The Enphase Microinverter 

converts the DC output of the PV module into grid-compliant AC power. Manufacturers claim that in addition to 

performing the DC to AC conversion, it maximizes energy production by using a sophisticated Maximum Power 

Point Tracking (MPPT) algorithm. This integrated system maximizes the energy harvest, increases the system 

reliability, and simplifies the design, installation and management. We wanted to check how big the benefit from 

use of this Microinverter is. The obtained results show that with constant active resistance the harvested energy 

amount from July till October is approximately 77 % from that registered with the Enphase Microinverter at the 

same time. 
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Introduction 

Solar energy is used not only in southern countries, where solar irradiation is high, but also in 

northern ones, including Latvia, located at 57º Northern latitude. In this latitude the height of the sun 

and therefore also solar irradiance is lower than in southern countries, but in summer days are longer, 

up to 17 hours. Several authors [1; 2] have studied use of photovoltaics in Latvia and stated that this is 

one of ways to diminish CO2 emissions, but they also found that energy gain from photovoltaic is less 

than expected [2]. 

One of most common applications of solar energy is a solar panel or photovoltaic (PV), which 

converts solar energy into electric one. At most common cases electricity produced by a solar panel is 

used instead or in grid with traditional electricity, therefore, it must be transformed from direct current 

(DC) to alternate one (AC). In up-to-date systems this conversion is done by micro inverters, 

providing also maximal energy harvest using Maximum Power Point Tracking (MPPT) techniques 

[3; 4]. But the main disadvantage of micro inverters is their cost. Use of micro inverters increases the 

cost of the obtained energy more than twice [5]. 

On the other hand, there are situations, where use of micro inverters is not necessary, because also 

direct current can be used and it is not important how stable it is. One of such applications is electrical 

heating of water [6]. In this case, simply constant resistance can be used, but here is a problem: what 

value of resistance to be used. At optimal working conditions (solar irradiance, ambient temperature 

etc.) for given solar panel the optimal resistance can be obtained from the technical data provided by 

the panel’s producers. At different circumstances current-voltage characteristic of the panel (Fig. 1.), 

and therefore also the optimal resistance is different [7]. 

It is very important in Latvia and other northern countries, where on clear summer midday 

irradiation at the optimally positioned solar panel can be 1000 W·m
-2

 [8], but in spring, autumn and 

especially winter irradiation is much smaller because of the low height of the sun. Also, in summer 

solar radiation often is small because of clouds. It can be important also in southern countries, if a 

stationary positioned solar panel is used – then irradiation in the morning and evening is significantly 

smaller. Few authors [6; 9] found that long-term optimal load is approximately 4to 4.5 Ω for a 

standard panel. Important question is how advantages of use of microinverters depend on conditions of 

use of solar panels, especially solar irradiation. Are they greater at high energy conditions or at low, or 

independent? We did not find an answer to this question in literature, therefore, it is one of the tasks of 

this article. 

In this article the energy harvest from panels used with a micro-inverter and those loaded with 

constant resistance are compared. 
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Fig. 1. Current-voltaic characteristics of PV panel [7] 

Materials and methods 

Studies are carried out on the roof of the Ulbroka Scientific Centre (56º56’N 24º17’E).  

Four solar panels Solet 60.6-WF-250 are used in this work. Panels are mounted stationary faced to 

the south at 40 degrees tilt angle. The technical characteristics of the panels are given in Table 1. 

Table 1 

Main parameters of solar panel Solet 60.6-WF-250 

Parameter Designation Value 

Maximal power Pmax 255 W 

Voltage at maximum power point Vmpp 30.9 V 

Open voltage Voc 38.4 V 

Current at maximum power point Impp 8.06 A 

Short circuit current Isc 8.6 A 

Thermal coefficient of power %/K (-0.47) 

Size mm 1640x992x45 

Mass kg 22 

Energy conversion ratio % eff 15 

The panels are shown in Fig. 2. 

 

Fig. 2. Solar panels: 1 – loaded with 4.5 Ω resistance; 2 – loaded with 6.5 Ω resistance;  

3, 4 – connected to the grid through the micro inverter Envoy; 5 – resistance magazine 

Four solar panels are used. Two of them are loaded with constant resistance, one with 4.5 Ω and 

the other with 6.5 Ω. The other two panels are connected to the electricity grid through the micro 

invertor Envoy. The energy output from all panels has been registered. 
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Measurements were carried out from 20 July till 31 October 2019. After every 6 min using a data 

logger HOBO voltage at constant load resistances was measured. The circuit diagram of these 

measurements is given in Fig. 3. 
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Fig. 3. Circuit diagram for measuring voltage on load resistances:  

1 – solar panel; 2 – data logger HOBO 

Then the power of the panel is calculated as 
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where Pi – power, W; 

 UHi – voltage measured with the HOBO logger, V; 

 k – voltage divider partition coefficient; 

 RSi– load resistance, Ω. 

Daily energy sum then can be obtained as 

 
N

P
Q iΣ

= ,   (2) 

where Q – energy, produced in the day, Wh; 

 Pi– power, calculated from (1), W; 

 N – number of measurements in one hour. 

Other two panels are identical to the first ones, but they are connected to the electricity grid with 

the Enphase Microinverter System. This system consists of the Enphase Microinverter (we used 

Enphase M215 microinverters), Enphase Envoy Communications Gateway and Enphase Enlighten 

web-based monitoring and analysis software.  

The Enphase Microinverter converts the DC output of the PV module into grid-compliant AC 

power. In addition to performing the DC to AC conversion, it maximizes the energy production by 

using a sophisticatedMaximum Power Point Tracking (MPPT) algorithm. The circuit diagram for 

these two panels is given in Fig. 4. 

Daily energy sums were obtained from the Enphase Enlighten analysis software. 

Results and discussion 

As with the Envoy the energy produced by two panels is measured, it is compared to the energy 

produced from two panels. The daily energy sums obtained from the solar panels loaded with constant 

resistance are very similar to each other (Fig. 5), but the panel loaded with 4.5 Ω gives little bit more 

energy at more sunny days than that with 6.5 Ω and vice versa at low radiance circumstances.  
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Fig. 4. Circuit diagram for measuring with Enphase System: 1 – solar panels; 2 – microinverters;  

3 – current dividers; 4 – automatic switch; 5 –electromechanical energy meter;  

6 – enphase Envoy rooter 

 

Fig. 5. Daily energy sums obtained from with constant resistance loaded solar panels 

Therefore, the energy registered with the Envoy is compared to double energy produced by the 

panel loaded with 4.5 Ω resistance and with the sum of with 4.5 Ω and with 6.5 Ω loaded panels 

(Fig. 6). 

 

Fig. 6. Daily energy sums obtained from solar panels 
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It can be seen from the graph that the Envoy collected slightly more energy both at high and low 

irradiance conditions. 

Another way how to compare solar panels working at equal conditions is to plot daily energy 

sums obtained by one of them via sums obtained from the other, then the trend line of the graph allows 

to compare them. Fig. 7 shows the graph, where on x axis are the daily energy sums registered with 

the Envoy, but on y axis are the daily energy sums obtained from with constant resistance loaded solar 

panels: green dots and line from two panels loaded with 4.5 Ω resistance, brown dots and line from 

one panel loaded with 4.5 Ω resistance and the other one with 6.5 Ω resistance. 

 

Fig. 7. Daily energy sums obtained from constantly loaded solar panels  

via sums registered by Envoy  

Then trendline equation for 2·4.5 Ω resistance is Ec = 0.8244·EE with the determination factor 

R
2
 = 0.90, and for one panel with 4.5 Ω load and the other with 6.5 Ω load it is Ec = 0.79·EE with 

R
2
 = 0.91, where Ec is the daily energy sum obtained from a constantly loaded solar panel and EE is the 

daily energy sum registered by Envoy. 

Similar results can be obtained, if the energy sums obtained in all 105 day period are analysed. 

These sums are shown in Table 2. The energy sums from one panel loaded with 4.5 Ω or 6.5 Ω load 

are not comparable with the sum registered by the Envoy, because the Envoy registers energy 

produced by two panels.  

Two panels loaded with 4.5 Ω resistance give 133.54 Wh in all period together, what is 79 % 

from 169.52 Wh registered by the Envoy. One panel loaded with 4.5 Ω resistance and one with 6.5 Ω 

resistance give 130.56 Wh what is 77 % from energy registered by the Envoy.  

The difference of the results obtained from the graph (Fig. 7) can be explained with higher impact 

of days with high energy amount on the whole sum. 

Table 2 

Amount of energy obtained in all 105 day period 

Energy Wh % 

Envoy 169.52 100 

4.5 Ω 66.77 78.8 

6.5 Ω 63.79 77.0 

(2*4.5) Ω 133.54 79 

(4.5 + 6.5) Ω 130.56 77 

Although panels with the Enphase Microinverter System (EMS) produce more energy than 

constantly loaded panels both at high energy and low energy conditions, the ratio between the daily 

energy sums depends on the sum. Fig. 8 shows dependence of the ratio between the daily energy sums 

obtained from the panel loaded with constant 4.5 Ω resistance to that from the panel with the Enphase 

Microinverter System on the daily amount of energy obtained with EMS. 
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Fig. 8. Dependence of the ratio of energy from the panel loaded with constant 4.5 Ω resistance  

to that with microinverteron energy obtained with the microinverter 

It can be seen from the graph that the ratio is smaller, if the daily amount of energy is small and 

grows rather rapidly with the energy sum, but if the daily energy sum is high, the ratio is almost 

constant. It means that advantages of use of the microinverter are greater at high energy conditions. 

Conclusions 

1. Similar solar panels used with the Enphase Microinverter System produce more energy than 

loaded with constant resistance, both at high and low energy conditions. 

2. Advantages of the Enphase Microinverter System are greater at conditions of high energy gain. 

3. The panels loaded with constant 4.5 Ω resistance, what is optimal for given conditions, produced 

79 % of energy amount produced by the panels with the Enphase Microinverter System. 
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