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PV Module “Right-Sizing” for  
Enphase Microinverters 

Overview 
This paper summarizes a discussion of the necessary choices and tradeoffs when matching PV module 
and microinverter power ratings. We will demonstrate examples of these tradeoffs using simulations 
based on real-world modules and historical weather data for three U.S. locations.  
 
Solar Advisor Module (SAM), the NREL-developed program, was used to generate corrected irradiance 
levels and cell temperatures based on historical weather data. The data flow is shown in Appendix A. 
 
If long-term energy production is a priority and real-world conditions are considered, a PV module 
power rating of up to 125 percent of inverter power rating is often the optimum match. In some 
cases, percentages of up to 140 percent can be justified. It is also clear that site installation specifics 
such as module tilt and local weather and soiling conditions play a significant role in appropriate 
inverter/module matching. 
 

Two Theories 
The correct way to pair PV modules and inverters has been debated at length. There are two basic 
schools of thought that apply to both microinverter and traditional string/central inverter systems; 
however, there are fewer variables with microinverters, and the result of those considerations is more 
deterministic.   
 
Several factors should be considered. Appendix B contains a detailed list of factors, along with a brief 
summary and discussion of each factor. Depending on the application (e.g., a small residential system 
vs. a large commercial/utility PPA), the weighting of these factors varies considerably.  
 
The two schools of thought can be summarized as follows: 

1. The PV module(s) should be sized so that the inverter never limits its output power.  

2. The PV module should be sized so that the inverter limits its output power frequently, possibly 
every clear-sky day.  

The two theories represent extremes, and the appropriate course of action will almost always lie 
somewhere between the two. Regardless of the application, the factors listed in Appendix B will apply. 
 

Test Cases 
Our discussion will be limited to a microinverter application, and we will consider only a fixed array 
with a due south orientation. Several tilt angles will be considered. We will analyze a specific case in 
which a decision must be made between Sharp 216W and 235W modules, which will be used with an 
Enphase M190 Microinverter. The principles discussed here are also applicable to other 
module/inverter combinations. For string configurations, there are several considerations not 
discussed here. 
 
Three test cases were modeled using the NREL Solar Advisor Model, along with manufacturers’ data 
for the PV module and inverter. For the simulation, the actual AC output power limit for the inverter 
was 195W, which is several watts below the actual observed power limits. Irradiance profiles and 
temperature data were generated using actual measured data from Denver, CO; Palm Springs, CA; 
and Phoenix, AZ. In all cases, a five percent loss of power production was assumed for dirty modules. 
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Module power production was degraded by one percent per year to account for module aging. This 
degradation was compounded annually, and the resulting module production factor is labeled “Module 
Power Factor” in the data tables in appendix C, D, and E. All arrays faced due south. 
 
Two module power ratings were used: 

• The first module is rated 216W. The second module is rated at 235W. Note that these power 
ratings are Standard Test Condition (STC) nameplate ratings. The actual output of most 
modules under real-world conditions is approximately 10-12 percent less than the STC rating.  

• A more realistic rating is obtained under PV-USA Test Conditions (PTC). The CEC website list of 
eligible modules (http://www.gosolarcalifornia.org/equipment/pvmodule.html) confirms this. 
The 216W and 235W modules used here are PTC rated at 190.4W and 211.7W, respectively. 
As a general rule, most modules have a PTC rating of 90 percent of the STC (nameplate) 
rating. 

 
Table 1 shows the percentage of harvested energy based on the theoretical maximum for three 
locations at three different array-tilt angles for the two different module power ratings. In all cases the 
modules were connected to an Enphase M190 Microinverter. 
 

TABLE 1. Twenty year lifetime — Realized energy harvest (% of possible) 

 Dirty Clean 

Module STC Power (watts) 216 235 216 235 

 Roof Pitch     

 3:12 99.99% 99.87% 100.00% 99.96% 

 6:12 99.94% 99.67% 99.99% 99.88% Denver 

 12:12 99.87% 99.39% 99.97% 99.74% 

 3:12 100.00% 99.99% 100.00% 100.00% 

 6:12 100.00% 99.97% 100.00% 100.00% Palm Springs 

 12:12 100.00% 99.94% 100.00% 99.99% 

 3:12 100.00% 99.94% 100.00% 99.99% 

 6:12 99.99% 99.90% 100.00% 99.98% Phoenix 

 12:12 99.99% 99.82% 100.00% 99.96% 

 
 
As indicated in Table 1, the worst-case loss of energy harvest occurs in Denver, CO, with a 45-degree 
roof pitch. In this case, a 216W module will fail to produce 0.13 percent of possible energy over a 20-
year period if the modules are washed frequently (e.g. once per week.) Under the same conditions, a 
235W module will fail to produce 0.61 percent of potential energy. If the modules are washed only a 
few times per year—a far more likely scenario—these figures fall to 0.03 percent (216W module) and 
0.26 percent (235W module). 
 
Nearly all of the lost harvest occurs within the first three years for the 216W modules, and within the 
first seven years for the 235W modules. Lost energy harvest is also concentrated in the fall and spring 
seasons, when irradiance is high and temperatures are low. Test data for Denver is in Appendix C. 
 
For Palm Springs and Phoenix, the 235W module is a perfect match for the 190W inverter. The 235W 
module produces 8.79 percent (235/216=1.0879) more energy than the 216W module. Over a 30-
year inverter life, it is likely that a module sized up to 245W may be a good match. Appendix D 
includes data for Palm Springs, and the Phoenix data appears in Appendix E. 
 
The loss of energy harvest in any of these scenarios pales in comparison to the lost energy of a string 
or central inverter, which suffers from inferior harvest due to module mismatch, shading, soiling, etc. 
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Conclusion 
For a microinverter application, optimal energy harvest will generally result by selecting a module 
rated up to 125 percent of the maximum inverter power rating. The warmer the climate, the higher 
this percentage should be, assuming optimal tilt of the PV array. If the array is mounted on a 
horizontal surface, the module power rating will be substantially higher. In some cases, a module with 
an STC power rating of up to 140 percent of the inverter rating is justified. No consideration is given 
here to monetary factors such as annual electric rate schedules, time-of-use metering, or rebate 
structures. 
 

APPENDIX A. Data Flow 
Solar Advisor Module, the NREL-developed program, was used to generate corrected irradiance levels 
and cell temperatures based on historical weather data. The data flow is shown below: 

 

APPENDIX B. Detailed List of Factors 
1. Inverter power rating 
2. Inverter power limit (actual) 
3. Inverter efficiency 
4. PV module actual vs. specified power 

output 
5. PV module aging characteristics 
6. PV module pricing 
7. Site latitude 
8. Site elevation 
9. Site annual irradiance profile 
10. Site annual temperature extremes and 

profiles 

11. Site soiling conditions 
12. Tracking vs. fixed array 
13. If tracking – single or dual axis tracking 
14. If fixed – tilt of array 
15. If fixed – azimuth  
16. Site maintenance practices 
17. Financial rebate structure 
18. Metering type – net metered vs. TOU 
19. For string – module mismatch 
20. For string – differential soiling 
21. For string – module shading 
22. Wind 

 
First we will generalize the effects of the factors mentioned above and discuss some interrelationships. 
No inference is made as to the importance of any factor in a particular situation. 
 
Items 1-4 above are related. The inverter power rating is a rating only. UL1741, the standard for 
Inverters, Converters, Controllers, and Interconnection System Equipment for Use with Distributed 
Energy Resources, requires that inverter output power be limited to within 10 percent of the 
nameplate rating. However, inverters that qualify for the California Incentive Program have been 
tested in addition to UL1741 certification to meet a guaranteed minimum output power.  
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The CEC-rated power refers to the lowest output power during a three-hour test, or the nameplate 
rating, whichever is less. This power rating is used in calculating rebate dollars. For this reason, most 
inverters limit their output power to some value just above the nameplate rating. Similarly, a CEC 
conversion efficiency test is performed and the weighted average efficiency is used in the rebate 
calculation. Modules are also tested for their actual power output. Unlike most inverters, most 
modules are CEC-rated at a lower power level than their nameplate rating. 
 
For this analysis we used the Sharp 216 (ND-U216C1) and 235 (NU-U235F1) modules. The nameplate 
ratings are 216W and 235W, respectively; however the PTC ratings on the CEC module list are 
190.4W (88.15 percent of nameplate) and 211.7W (90.08 percent of nameplate), respectively. 
 
Inverter efficiencies vary, but they are generally around 95 percent efficient. We assumed 95 percent. 
Obviously, the higher the efficiency of the inverter, the greater the amount of energy delivered to the 
utility over the life of the system. 
 
Item 5: PV Module aging. PV module power output degrades over time. Several mechanisms 
contribute to degradation, and degree of degradation varies between module technologies. Also, the 
rate of degradation changes over time. It is beyond the scope of this paper to discuss factors 
impacting power output degradation. We assume one percent degradation per year; a value 
commonly used in the PV industry. 
 
Item 6: PV Module pricing. While financial considerations will almost certainly drive final decisions 
regarding module/inverter pairing, we leave it to the reader to apply their financial requirements to 
their particular situation. 
 
Item 7: Site latitude. Latitude and longitude determine many of the other factors that must be 
considered. Elevation, irradiance, temperature, soiling, tilt, and shading are all location specific. For 
our discussion, we chose three locations with dissimilar environmental factors; Denver, CO; Palm 
Springs, CA; and Phoenix, AZ. 
 
Item 8: Site elevation. Elevation affects several other aspects of the site. Higher elevations can be 
subject to greater swings in temperature, and they often receive higher levels of peak irradiance. 
 
Item 9: Irradiance profile. Irradiance, the amount of light in Watts/Meter2 impinging on a surface, 
determines PV power production. Assuming all other factors are stable, power output increases 
linearly with increased irradiance once the irradiance exceeds approximately 100 Watts/Meter2. 
Instantaneous irradiance is important, but the word “profile” was used here because it is important to 
recognize that a given irradiance will produce varying power levels depending on the simultaneous 
values of other factors such as temperature and wind. 
 
Item 10: Temperature. Temperature plays a significant role in PV power production. Ambient 
temperature, wind speed and direction, array orientation, irradiance, and sun angle all contribute to 
PV cell temperature. Modules are rated at STC conditions of 1000W/Meter2 and 25OC. The following is 
useful as a general rule: Every 1OC increase in cell temperature will result in a 0.5 percent decrease in 
power output. It is not uncommon for cell temperatures to reach 90OC in some environments, which 
would result in a power output reduction of 32.5 percent. Hence, the module would produce only 67.5 
percent of its rated power.  
 
Item 11: Soiling conditions. Soiling is generally defined as normal atmospheric contamination that 
adheres to the module surface (e.g., dust, pollen, and ash) and reduces power output. Regular 
module cleaning is recommended for maximum energy harvest. Many experts recommend cleaning PV 
modules at least four times per year. Depending on site-specific conditions, power production can be 
increased 6 percent or more by cleaning the module surface. 
 
Items 12 and 13: Tracking vs. fixed and single vs. dual axis. Trackers can increase energy harvest 
substantially. For the purposes of this discussion, we will assume a fixed array. 
 
Item 14: Tilt. This refers to the angle of the module relative to a horizontal surface, with the angle 
measured along the azimuth line. 
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Item 15: Azimuth. This is the orientation of the array relative to true north. In the Northern 
Hemisphere, a true south azimuth is generally preferred, but other orientations may be preferable due 
to factors such as time-of-use rebate structures and local load time-of-day profiles. 
 
Item 16: Maintenance. For the purpose of this discussion, only cleaning of modules is considered. 
 
Item 17: Financial rebates. We do not consider rebates as part of this discussion, but the end user 
will obviously consider them. For example, some rebates are limited based on the module and inverter 
ratings. In the past, some rebates were calculated based on module STC ratings. Today, many rebates 
use the more practical PTC rating. 
 
Item 18: Metering type. This refers to the rate schedule, typically chosen by the system owner. 
Electric services are usually “net metered” or have a feed-in tariff. For net-metered accounts, the PV 
system owner can usually choose between time-of-use and non-time-of-use. 
 
Items 19, 20, and 21: Module mismatch, differential soiling, and shading. These factors apply 
primarily to string/central inverter configurations and are not considered here. 
 
Item 22: Wind. Wind speed and direction can impact PV module power production significantly. Wind 
cools the module, and the cooler the module, the greater the power produced. 
 
 

APPENDIX C. Module Power Factor, Denver, CO 
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APPENDIX D. Module Power Factor, Palm Springs, CA 

 

APPENDIX E. Module Power Factor, Phoenix, AZ 

 
 


