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ABSTRACT 
 
The OnGrid PV Sizer and Solar Financial Analysis 
Calculator is presented and intended to be a consistent, 
conservative, and comprehensive tool to aid in the 
evaluation and presentation of the economic case for PV 
systems, and to simplify and ease the sales process. 
 
The Calculator is a PV system design tool, predicting 
system performance, including shading analysis from the 
Solar Pathfinder. It is a pricing and quoting tool, estimating 
the system costs and calculating incentives and net 
customer costs. It calculates electric bill savings. It is a 
financial analysis tool. With savings, cost and maintenance 
factors, it calculates IRR, CARR, Cash Flow, Resale Value 
Increase, and Total Lifecycle Payback of the PV system, 
and presents the results in graphical form. 
 
It is applicable throughout the United States, with particular 
focus on California, New Jersey, Colorado and Hawaii, and 
to residential, commercial, industrial, municipal, non-profit, 
agricultural, and affordable housing scenarios. 
 
 
1. INTRODUCTION 
 
Attractive financial payback has been a major driver to 
increasing sales of PV systems in California, New Jersey, 
Japan, and Germany in recent years. Effectively 
demonstrating the payback has fallen largely on company 
proprietary analysis tools for internal use by their sales 
people. It is believed, that at this time in the U.S., the only 
other commercially available financial analysis and quote 
presentation tool is QuickQuotes from Clean Power 
Research1. 

 
After five years of use and development as a proprietary 
tool used in making numerous sales, conference papers,2,3,4,5 
and public presentations6, the author is making the OnGrid 
PV Sizer and Solar Financial Analysis Calculator (the 
Calculator) available for public use. 
 
This paper will discuss the major and unique features of the 
Calculator, as well as its applicability to various cases. It 
will refrain from discussing specific benefits in order to 
avoid making a sales pitch of this paper 
 
 
2. MAJOR FUNCTIONS OF THE CALCULATOR 
 
The Calculator: 
 Predicts system performance and required size 
 Calculates system price and incentives 
 Performs several financial analyses 
 Produces quoting and proposal documents 
 Produces sales and contracting documents 
 
2.1 System Predicted Performance and Required Sizing 
 
The Calculator estimates system performance, including 
factors for array tilt (altitude) and orientation (azimuth), all 
the typical system loss factors (module temperature, 
inverter efficiency, dust and dirt, module mismatch, 
manufacturer production tolerance, wiring, and module 
degradation), and insolation from the NREL “Redbook”7 
for select locations. All variables are under user control, 
including fine-tuning the insolation for micro-climatic 
conditions. 
  





This monthly or annual savings can then be included into a 
long-term timeline (in this case, a 25-year timeline) to 
properly account for savings in the future, maintenance 
costs, inverter replacement costs, tax benefits and costs. 
Note that savings will increase over time due to electric rate 
inflation. This inflation effect will be somewhat diminished 
due to long-term system performance degradation. These 
and all other factors mentioned in this paper are under the 
user’s control.  
 
3.1 Total Lifecycle Payback 
 
The Calculator determines this rather crude, but visually 
interesting analysis to illustrate to the customer the 
increased savings over time due to inflation, and how the 
savings in the years after “payback” has occurred are 
usually significantly greater than savings beforehand. This 
can be a useful analysis to a customer who complains about 
a 12-year payback. Figure 1 shows an example of the 
Calculator’s output for Total Lifecycle Payback.  

 
The Calculator performs a Simple Payback calculation in 
commercial and non-taxable applications only, since all 
calculations in those instances are done on an after-tax 
basis. The Calculator provides a simple numerical figure.  
 
In residential applications, because of the more complicated 
pre-tax nature of the analysis, Simple Payback does not lead 
to meaningful results,2 so is not calculated directly or 
provided as a numerical figure. It is included by default in 
the Total Lifecycle Payback analysis. 
 
3.2 Internal Rate of Return or Compound Annual Rate of 
Return 
 
The Internal Rate of Return (IRR) or Compound Annual 
Rate of Return (CARR) reveal the effective interest rate 
yield an investment in a solar system will pay over time on 
a compound annual basis. This result is drawn from the 
series of 25 annual bottom line numbers plus the initial 
outlay, as seen in the 25-year timeline. IRR analysis is 

performed on this series of numbers to determine the 
CARR. Details of this calculation are available in Financial 
Payback on California Solar Electric Systems.2 An example 
of this 25-year timeline is visible in Fig. 4 in Appendix A. 
 
3.3 Resale Value Increase 
 
Solar systems significantly increase the value of the 
property they are associated with due to reduction in 
operating costs.3,5,10,11  
 
Resale value increases over time due to increased annual 
savings, until it reaches the limit imposed by remaining 
savings expected before the end of 25 years. Figure 2 shows 
an example of the Calculator’s output demonstrating 
increased resale value. 

 
 
3.4 Cash Flow 
 
If the purchaser finances the solar system, they avoid the 
up-front, out-of-pocket costs, but incur increased expenses 
paying for the loan principal and interest. The interest cost 
is often deductible, however, this benefit declines over time 
as the interest portion of the loan payment diminishes over 
time. On the positive, the effect of inflation usually more 
than offsets this loss, so cash flow increases over time. 
Please see references [3], [4], and [5] for more details on 
cash flow analysis. 
 
The Calculator produces graphical output illustrating the 
relative cash flows over time with and without solar. It also 
shows the net annual savings or expense, and the 
accumulated net savings over the 25-year analysis. Figure 3 
shows an example of these graphical results. 
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Fig. 1: Example of Total Lifecycle Payback. 
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Fig. 2: Example of Resale Value over Time. The heavy green 
line represents the justifiable limit to appreciation. 



 
4. APPLICATIONS FOR THE CALCULATOR 
 
The Calculator is designed to provide rigorous financial 
analysis of residential, commercial, industrial, municipal, 
non-profit, agricultural, and affordable housing projects. 
These various categories differ by tax treatment, typical 
energy usage patterns, electric rate applicability, and 
incentive type and quantity. The user can override any of 
the defaults, and set the Calculator up any way they wish. 
 
Geographically, the Calculator will work anywhere, since 
the user has control over all inputs and variables. It is 
preprogrammed with electric rate schedules and insolation 
data in the most popular areas for solar, such as much of 
California, New Jersey, Colorado, and Hawaii. However, 
there is a “User Defined Rate Schedule” input in which the 
user can specify the rates for other locations. Similarly, 
there is a “User Defined Redbook Location” input in which 
the user can specify other insolation characteristics. 
 

5. UNIQUE FEATURES OF THE CALCULATOR 
 
The Calculator provides unique control over: 
 All variables 
 Shading input using Solar Pathfinder 
 Selection of electric rate schedule 
 Inverter replacement cost 
 Incorporation of energy efficiency into the analysis 
 Scenario simulation with various incentives 
 
5.1 User Control over All Variables 
 
The Calculator provides tremendous flexibility to fine tune 
an analysis to the customer’s specific situation. It also 
provides a lot of rope to hang oneself, so caution needs to 
be exercised. 
 
It has many automatic default calculations to simplify use, 
however, compared to other tools, there are more inputs and 
controls, so it is somewhat more complex to use. It does 
free users from being forced into certain scenarios. For 
example, the ZIP codes for Redding, California are 
geographically closer to Arcata, but the climate is more 
similar to Sacramento. The Calculator allows the user to 
choose the correct climate model, rather than being forced 
to the closest, but incorrect one by the “convenience” of 
automated ZIP code proximity. 
 
5.2 Shading Input using the Solar Pathfinder 
 
The user enters data directly from the display on the Solar 
Pathfinder, which most accurately represents the actual 
shading. This is different than an azimuth and elevation 
obstruction model, which can do a rough calculation for 
most situations, but cannot accurately include shade from 
an overhanging tree branch or other irregular shaped shade 
objects. 
 
5.3 Selection of Electric Rate Schedule 
 
The user has complete control over which “new” electric 
rate schedule they’d like to test, and ultimately recommend 
to the customer. Certain rate schedules may be 
advantageous depending on many variables. The Calculator 
shows the financial results depending on those variables 
and choice of rate schedule. 
 
5.4 Inverter Replacement Cost 
 
The user can specify the cost and time of an anticipated 
inverter replacement, since it is unlikely that the inverter 
will last the full 25-year module warranty lifetime. The 
default is $700 per kilowatt of inverter capacity at year 15. 
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Fig. 3: Examples of Cash Flow Analysis over time. 



5.5 Inclusion of Energy Efficiency Measures 
 
The Calculator allows the user to specify estimated savings, 
costs, rebate, and tax benefits from the incorporation of 
energy efficiency measures simultaneous with the PV 
system. Often, energy efficiency is even more economically 
attractive. This allows the user to present a combined 
package of PV and energy efficiency measures, which has 
both improved financial results and greater environmental 
benefit than just the PV system alone. 
 
5.6 Scenario Simulation with Various Incentives 
 
A user can try various scenarios in “What if…?” queries, 
incorporating any desired combination of incentives at any 
user defined level. I.e., the user can specify a PBI of a 
certain rate and term, combined with an estimated REC 
contract of a certain rate and term, followed by a different 
anticipated REC value for the remainder of the systems life, 
combined with user defined state and federal tax incentives 
for users with various tax brackets, combined with user 
defined tiered and time-of-use rate schedules. This may be 
particularly useful for incentive and rate planning by utility 
and government officials in evaluating what level of 
stimulus might be needed under various scenarios. 
 
 
6. FUTURE ENHANCEMENTS 
 
It is planned to include other technologies such as Solar 
Domestic Hot Water (SDHW) systems into the analysis 
portion of the tool. In these cases, it is thought that the 
expert user would define the system cost, expected annual 
savings, maintenance costs, and major equipment 
replacement costs and interval. From this, the financial 
analysis can be conducted. This could then be easily 
extended to additional technologies. 
 
The author is always open to, and requests, suggestions and 
constructive criticisms of the tool, for the purposes of 
improving tool quality and raising the standards within the 
solar industry. To that end, many other enhancements have 
and will be suggested by users, and will be implemented. It 
is very much a work in progress and a living tool. 
 
 
7. CONCLUSION 
 
The OnGrid PV Sizer and Solar Financial Analysis 
Calculator is intended to be a consistent, conservative, and 
comprehensive tool to aid in the evaluation and presentation 
of the economic case for PV systems. This paper has 
discussed the major and unique features of the Calculator, 
as well as its applicability to various cases. It has attempted 
to refrain from discussing specific benefits, in order to 

avoid making a sales pitch. For more information on the 
Calculator, the reader is invited to visit 
www.ongrid.net/payback. 
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