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maximum financial return for the customer. We find that solar panels are an
excellent investment for this customer, and that the ideal usage offset for this
customer (and others on the tiered rate plans) is 100%. That is, the savings
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1. Introduction

In May 2018 the California Energy Commission mandated that starting in 2020,
all new homes constructed in the state of California with three or fewer floors be
solar powered. The Energy Commission estimated [1] that this mandate would
increase the cost of new homes by an average of $8,400, but that the reduction in
energy expenses would exceed the increase in the mortgage payments by an av-
erage of $35 per month over the following 30 years. This move is designed to
help the state move closer to its goal, stated in Senate Bill 100 [2], of requiring
60% or more of the state’s electricity to come from renewable sources by 2030,
and 100% by 2045. Federal and state incentives, and the declining prices of solar
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panels have encouraged an increasing number of residential customers to go so-
lar. According to the latest quarterly update (May 2019) from National Renewa-
ble Energy Laboratory [3] 13% of the single family detached structures in Cali-
fornia have solar panels, a number far higher than the 2.7% for the US as a
whole. According to data from Go Solar California, a joint effort between the
California Energy Commission and the California Public Utilities Commission,
published on their website California Distributed Generation Statistics [4], as of
June 30, 2019, over 868,000 residential units in the state had solar energy systems
installed for a combined capacity of 4,790 Mega Watts (MW). California is
clearly at the forefront of the renewable energy movement.

However, is it in the best financial interest of homeowners to go solar'? A
quick search on the Internet will reveal several websites operated by solar panel
installers that include examples of hypothetical households and the savings that
these households could enjoy by going solar. That these data come from solar
panel installers raises questions about the unbiasedness of the data and the con-
clusions drawn from them. With that in mind we examine a real household in
southern California and use the actual data from that household—hourly solar
energy generation, electricity purchases from the grid measured at 15-minute
intervals, and monthly and annual electricity utility bills—to calculate exactly
how much this household saved by going solar. We also use the data to calculate
the ideal usage offset (ie. the percentage of consumption provided by solar) that
would have minimized their overall costs and provided them the best return on
their investment. While the analyses are based on data from a single household,

we can draw broad conclusions that apply to many households.

2. The Household

In April 2017, Ruth Singer and her husband Neal paid Solar360, a local Orange,
California based firm, a total of $12,975 to install 14 LG solar panels and En-
phase micro inverters rated at a total of 3.990 kW DC (3.472 kW AC) and with
an estimated annual production of 5,816 kWh. This solar panel array was sized
to offset approximately 85% of the Singer family’s 6,900 kWh usage in the pre-
vious 12 months. This is approximately equal to 6,814 kWh, which is the average
annual electricity consumption for residential customers in Orange County, Cal-
ifornia for 2018 [5]. With an average sized house of approximately 2000 square
feet, and a home value within 10% of the median house price for Orange Coun-
ty, California ($721,400 as reported by Zillow.com), this can be considered a
typical home in this market.

3. The System

The solar panels were mounted on the west facing roof of the house since the
south face was partly shaded by tall trees. The proposal from Solar360 estimated
a payback of 7 to 8 years and a rate of return on the cash invested of 14.1%. The

'In this paper all references to solar will refer to solar photo-voltaic projects rather than to other
technologies such as solar thermal.
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Singers knew that the cost of solar panels would keep falling and that they would
be able to get a similar system for a lower cost in the future. But they were also
aware that the federal solar tax credit, then at 30%, would be reduced to 26% in
2020, 22% in 2021 and to 0% in 2022 and beyond for residential solar energy
systems [6]. Moreover, the Singers had read that their utility company, Southern
California Edison (SCE), would start implementing a new program to compen-
sate solar customers for the excess electricity that the solar panels made. The
program, Net Metering 2.0 (NEM 2.0), would start July 1, 2017 [7] and force
customers to switch to a Time of Use (TOU) rate plan® (from their existing
tiered rate plan) for installations completed after this cut-off date. However,
customers who completed their solar installations prior to this deadline had the
option to stay with the grandfathered tiered rate plan for 20 more years. Ruth
had done some calculations and, based on her usage pattern, felt more comfort-
able continuing with her current tiered rate plan. Further she liked the idea of
retaining the flexibility to use electricity at any time of the day and pay the same
rate, as opposed to being on a TOU plan and feeling compelled to run large ap-
pliances only at those times of the day when the rates were low. With the net
metering deadline fast approaching, the Singers arranged for their solar panel
installation to be completed prior to the end of NEM 1.0. (SCE has provided on-
line resources explaining net metering [7])

Though the solar panel installation cost the Singers $12,975, they were able to
claim the 30% federal solar tax credit which reduced their effective upfront cost
to $9,082.50. Now over two years later Ruth had several Excel spreadsheets filled
with data on the hourly production of solar energy (obtained through an app
that monitors the solar production in real-time), the purchase of electricity from
SCE at 15-minute intervals (available from the SCE website), and the monthly
electricity bills. She had even managed to painstakingly calculate what her elec-
tricity bill would have been for each billing cycle had she not had solar. Though
the idea of going green, reducing her reliance on fossil fuel, and thereby reduc-
ing her carbon footprint appealed to Ruth, she was pragmatic and wanted to
know if her investment in solar made financial sense; or would she have been
better off investing that money in the stock market as one of her colleagues had
advised her?

Ruth summarized the data into two tables; Table 1 for the 12 month period
starting mid-May 2017, and Table 2 for the 12 month period starting mid-August
2018. SCE bills solar customers in two stages; with a portion of the bill (for ex-
penses not directly related to energy generation and delivery) due each month,
and the remainder (for energy generation and delivery related expenses) to be
settled at the end of the billing year. Further, California provides utility custom-
ers two “Climate Credit” payments each year—one in March and the other in
September. To make the billing data easier to understand and comparable across
months, Ruth calculated for each billing period the total effective SCE bill amount

%A tiered rate plan is where the customer pays the same rate for electricity regardless of the time of
day. In a TOU plan, the cost of electricity is different at different times of the day.
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Table 1. Year 1.

Billing Solar. Energy SCE energY. Totahl Esti.mated SCE Avoided SCE
month prf)ductlon c?nsumed purchased this effecjﬂve bill for this bill for this
starting this month  this month month SC.E bill for . month month
kWh kWh (rounded) kWh this month without solar
May-17 642.76 378.63 —264 -$38.66 $67.07 $105.73
Jun-17 723.94 908.02 184 $25.29 $193.84 $168.55
Jul-17 650.89 1,191.30 540 $101.81 $263.23 $161.42
Aug-17 580.93 1,047.09 466 $84.30 $228.31 $144.01
Sep-17 457.33 518.43 61 $8.88 $99.27 $90.39
Oct-17 364.65 611.31 247 $35.50 $121.80 $86.30
Nov-17 277.02 590.36 313 $49.54 $118.08 $68.54
Dec-17 237.93 496.77 259 $38.52 $96.19 $57.67
Jan-18 343.96 501.04 157 $22.84 $98.71 $75.87
Feb-18 396.01 536.62 141 $20.01 $108.10 $88.09
Mar-18 539.67 625.80 86 $12.44 $130.08 $117.64
Apr-18 620.94 687.18 66 $10.95 $144.59 $133.64
Total 5,836.03 8,092.55 2,256 $371.38 $1,669.23 $1,297.85
Table 2. Year 2.
Billing Solar. Energy SCE energy‘ Tote?l Esti.mated SCE Avoided SCE
month production consumed  purchased this effective  bill for this bill for this
starting this month  this month month (rounded) SC‘E bill for . month month
kWh kWh kWh this month without solar
Aug-18 541.09 1,367.72 827 $169.43 $311.07 $141.64
Sep-18 432.16 931.27 499 $96.17 $201.59 $105.42
Oct-18 359.45 601.15 242 $37.36 $124.13 $86.77
Nov-18 301.52 730.85 429 $79.33 $153.58 $74.25
Dec-18 252.79 642.34 390 $71.04 $132.02 $60.98
Jan-19 285.91 621.66 336 $57.89 $123.79 $65.90
Feb-19 344.68 578.88 234 $37.82 $115.51 $77.69
Mar-19 536.48 504.05 =32 -$1.66 $99.38 $101.04
Apr-19 552.43 569.45 17 $6.98 $114.45 $107.47
May-19 576.87 499.87 =77 —-$10.04 $99.81 $109.85
Jun-19 623.52 725.91 102 $15.97 $147.27 $131.30
Jul-19 614.48 1257.39 643 $131.84 $281.47 $149.63
Total 5,421.38 9,030.54 3,610 $692.13  $1,904.07 $1,211.94

which was the sum of how much was payable at the end of the billing month,

how much of that month’s energy purchase was billed at the end of the year, and

the prorated Climate Credit amount for that month (by dividing the climate

credit for the year into twelve equal monthly credits). Even though the starting
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months for the two one-year periods are different, they both contain 12 com-
plete months totaling approximately 365 days each.

The first thing that caught Ruth’s attention was the drop in solar energy pro-
duction from 5,836.03 kWh in the first year to 5,421.38 kWh in the second year.
While Solar360 guarantees that the drop in solar energy production from year
one to year two would be only 2% (from 5,816 kWh to 5,700 kWh), Ruth rea-
lized that there were many other factors affecting solar energy production, and
that the larger number of cloudy days in the second year was probably a major
reason for the reduction in production. However, the solar production estimate
provided by Solar360 had already taken into account the location of the installa-
tion and the historical weather patterns for the area, the angle of the roof, the
orientation of the solar panels, and tree cover and other factors that affect solar
energy production. Over several years the average annual solar energy produced
was expected to match the guaranteed rates.

The LG warranty stated that starting in year two the system would lose only
0.6% efficiency each year such that in year 25 (at the end of which the system
warranty expires) the system would generate 83.6% of the year one energy. Ruth
was not worried about the small decrease in energy production from year to year
since she knew that the SCE energy rates would continue to increase each year at
a rate equal to or greater than inflation. Consequently, her savings from having
solar panels would increase each year thereby compensating for any reduction in
solar panel efficiency and inflation [8]. So she considered that a wash.

4. Discounted Cash Flow

Over the two 12-month periods Ruth had saved an average of $1,254.90 each
year on SCE bills. A simple payback period calculation ($9,082.50/$1,254.90)
yielded a value of 7.24 years—in line with what was stated in Solar360’s propos-
al. However, Ruth wanted to do a more meaningful analysis which would take
into consideration the time value of money and so she decided to do a Dis-
counted Cash Flow (DCF) analysis [9]. Two installers had offered Ruth 20-year,
zero-down loans at 5.50% while her credit union offered her a 5% home im-
provement loan to finance the solar upgrade. Eventually Ruth decided to pay
cash. Unsure of the appropriate discount rate to use for her analysis, she decided
to use a range of discount rates from 1% to 10%. Ruth felt confident that a range
this broad would include the most theoretically appropriate rate. Her neighbor,
who is a financial consultant, advised her that a rate at the low end of her range
would be most appropriate since the cash flows from her investment in solar
would be likely to have low or even zero correlation with the cash flows on her
other investments. Table 3 summarizes the results of the DCF analyses with
discount rates of 3%, 6% and 9% and assuming end-of-year cash flows (the an-
nual avoided electricity costs) of $1,254.90 every year for 20 years, 25 years (the
warranty period for the panels) and 30 years. Most experts, including the Cali-
fornia Energy Commission, estimate solar panels will last well beyond their

warrantied life [1].
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Table 3. Discounted cash flow analyses. (Present value of avoided electricity costs at var-
ious discount rates).

Net Present Value of avoided SCE costs at discount rate =

Assumed Life IRR
3.0% 6.0% 9.0%
20 years $18,669.74 $14,393.60 $11,455.41 12.51%
25 years $21,851.76 $16,041.83 $12,326.36 13.19%
30 years $24,596.59 $17,273.49 $12,892.41 13.51%

As shown in Table 3, over 25 years, a 6% discount rate would yield a present
value of the avoided electricity costs of $16,041.83, well above her initial cash
outlay of $9,082.50. In fact, at this discount rate, the present value of the cash
flows exceeds the initial outlay of $9,082.50 part-way through the 10" year. Thus,
if Ruth’s solar panels worked for just ten years, she would come out ahead. Even
with a discount rate of 9%, and even if the panels lasted only 20 years, Ruth
would have a present value of the avoided electricity costs in excess of the
$9,082.50 that she paid for the solar panels.

A colleague of Ruth had once told her that solar panels were not worth it and
that she would be better off putting her money in the stock market. To test this
claim she calculated the discount rate that would result in the present value of 25
years of cash flows of $1,254.90 (the avoided annual electricity costs) to become
exactly $9,082.50. This is known as the Internal Rate of Return (IRR) and she
re-did the analyses for cash flows over 20 years and over 30 years. Her findings
are shown in Table 3 under IRR. For a panel life of 25 years (the warrantied life
of the panels) the IRR was 13.19%. Even if the panels lasted only 20 years the
IRR is still a very healthy 12.51%. Considering that the stock market (S & P 500)
returns are much more volatile and provide inflation adjusted returns of 7% to
8% on an average, Ruth’s investment in the solar panels looks like a very good

one.

5. Ideal Usage Offset

Another issue that Ruth wanted to investigate was whether she had installed the
right number of panels. Most solar panel installers advised her to have a usage
offset of 70% to 85%, meaning having enough panels to produce 70% to 85% of
the annual energy consumption. SCE usually limits customers to systems that
have at most 120% usage offset of the expected annual usage. (Customers can get
permits for larger solar panel arrays by promising to increase electricity usage
over current levels.) In residential installations factors such as aesthetic consid-
erations (for example not wanting solar panels on the street-facing roof), availa-
bility of obstruction-free roof space on south and west facing roof planes, over-
head powerlines, and shade from trees and adjacent buildings limit the number
of solar panels that can be installed. Ruth’s 3.990 kW DC system was designed to
offset roughly 85% of her previous year’s electricity consumption (6,900 kWh).
However, her electricity consumption increased substantially soon after the solar
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panels were installed because Ruth became pregnant with her first child and de-
cided to take up a work assignment where she could work exclusively from
home. Thus, in year 1 (Table 1) her consumption rose to approximately 8,093
kWh resulting in a solar usage offset of only 72.12%. In year 2 (Table 2) Ruth’s
electricity consumption increased even more (to approximately 9,031 kWh) with
the arrival of the new baby, and this combined with the lower solar production
in the second year, resulted in a usage offset of only 60.03%. Ruth wanted to de-
termine what usage offset percentage would have maximized her savings.

Ruth’s 14-panel system (each with its own micro-inverter) cost her $9,082.50
after the federal solar tax credit of 30% for an average of $648.75 per panel. After
examining the various quotes provided to her by her installer and other compet-
itors, she estimated that each additional solar panel could have been obtained at
approximately 98% of the cost of the last installed panel. Thus the 15" panel
would have cost her only $635.78 ($648.75 x 0.98) more, while the 16" panel
would have cost even less—just $623.06 ($635.78 x 0.98), and so on. Table 4
shows the estimated cost of the solar panel installations (after the federal tax
credit) for different numbers of panels.

Ruth made the reasonable assumption that the solar production would scale
linearly with additional solar panels (if all panels were installed on the same roof
plane with equal sun exposure.) Ruth then estimated her effective SCE cost of
electricity each year if she had solar panel arrays of different sizes, and her esti-

mated effective SCE cost of electricity each year if she had no solar panels. She

Table 4. The effect of increasing usage offset on customer’s net savings.

Present value of avoided SCE costs

Estimated Annualsolar Annual Annual SCE Annual  Annual Annual : X
Number panel cost energy energy energy SCE SCE cost Usage Offset ‘€SS cost of solar panels. Discount
of panels after Federal produced consumed purchased effective without SCE ,COStS Percentage rate =
credit  (kWh)  (kWh)  (kWh)  cost  panels e 3% 6.0% 9.0%
14 $9,082.50 5,421.38 9,030.49 3,609 $685.84 $1,895.86 $1,210.02 60.03%  $11,987.76 $6,385.62  $2,803.02
15 $9,718.28 5,808.62 9,030.49 3,222 $610.42 $1,895.86 $1,285.44 64.32%  $12,665.28 $6,713.96  $2,908.06
16 $10,341.33  6,195.86 9,030.49 2,835 $533.48 $1,895.86 $1,362.38 68.61%  $13,381.99 $7,074.45 $3,040.75
17 $10,951.93  6,583.10 9,030.49 2,446 $454.10 $1,895.86 $1,441.76 72.90% $14,153.65 $7,478.60 $3,209.87
18 $11,550.32  6,970.35 9,030.49 2,059 $374.34 $1,895.86 $1,521.52 77.19% $14,944.13 $7,899.81 $3,394.93
19 $12,136.74  7,357.59 9,030.49 1,674 $294.84 $1,895.86 $1,601.02 81.47% $15,742.06 $8,329.67 $3,589.41
20 $12,711.43  7,744.83 9,030.49 1,285 $219.30 $1,895.86 $1,676.56 85.76%  $16,482.76 $8,720.64  $3,756.72
21 $13,274.62  8,132.07 9,030.49 896 $147.75 $1,895.86 $1,748.11 90.05%  $17,165.47 $9,072.09  $3,896.33
22 $13,826.56  8,519.31 9,030.49 510 $78.78 $1,895.86 $1,817.08 94.34%  $17,814.53 $9,401.82 $4,021.86
23 $14,367.45  8,906.55 9,030.49 125 $10.61 $1,895.86 $1,885.25 98.63%  $18,460.69 $9,732.37 $4,150.57
24 $14,897.53  9,293.79 9,030.49 -261 -$13.01 $1,895.86 $1,908.87 102.92%  $18,341.91 $9,504.24 $3,852.50
25 $15,417.00  9,681.04 9,030.49 —652 -$31.89 $1,895.86 $1,927.75 107.20%  $18,151.19 $9,226.11 $3,518.48
26 $15,926.09 10,068.28  9,030.49 -1037 -$47.30 $1,895.86 $1,943.16 111.49%  $17,910.45 $8,914.02 $3,160.76
27 $16,424.99 10,455.52  9,030.49 -1,425 -$61.73 $1,895.86 $1,957.59 115.78%  $17,662.81 $8,599.58 $2,803.59
DOI: 10.4236/0jbm.2019.74137 2005 Open Journal of Business and Management


https://doi.org/10.4236/ojbm.2019.74137

P. U. Nyer et al.

was then able to calculate her avoided SCE payments each year for solar panel
arrays of various sizes. By calculating the present value of the avoided SCE pay-
ments for 25 years (the length of the system warranty) and by subtracting the
cost of the solar panel system, she was able to calculate her effective savings by
having solar panel arrays of various sizes (see Table 4). The calculation shown in
Table 4 was repeated using discount rates of 1% all the way up to 11%, and with
25 and 20 years of SCE avoided payments. The calculations were also done on
Ruth’s year 1 and year 2 data. In all cases the pattern of the findings was the
same and so we have only shown the calculations for the year 2 data, with 25
year of SCE avoided payments and with discount rates of 3%, 6% and 9%.

As the size of the solar panel array increases, its cost increases. At the same
time, as the solar production increases, less energy is being purchased from SCE
and the avoided SCE costs increases. The difference between the present value of
the avoided SCE costs (over 25 years) and the cost of the solar panels (after the
federal tax credit) is the customer’s savings. What is clear from Table 4 is that
the net savings to the customer increase as the usage offset increases from the
customer’s current 60% until the usage offset becomes 100% and then decreases
as the usage offset exceeds 100%. These findings are robust and stay the same
regardless of the discount rate applied, and whether the life of the solar panel
array is assumed to be 25 years or 20 years. The broad findings stay the same
even when the customer’s first year data were used.

The decrease in the customer’s savings that occurs as the usage offset exceeds
100% is due to how SCE calculates the Net Surplus Compensation for the sur-
plus energy produced by a customer at the end of the billing year at the paltry
wholesale price rate (which was $0.04908 per kWh for the billing year ending
May 2018) which is much lower than the retail rate paid by customers. Thus, for
customers like Ruth, who are on a tiered rate plan, it doesn’t pay to have an
over-sized system that produces far more energy than what the customer will use

in a year.

6. Conclusions

In hindsight, Ruth’s system is woefully undersized, and she should have installed
many more solar panels. Expanding her solar array now with additional panels
would force Ruth out of NEM 1.0 and her current tiered rate plan, and Ruth
does not wish to do that. Even with her under-sized system she has been saving a
lot of money. The bottom-line findings of this analysis for NEM 1.0 customers
on a tiered rate plan are that a system with close to 100% usage offset will pro-
vide the greatest net savings. The situation for customers who are on a TOU plan
will be more complicated and the ideal usage offset will depend on when during
the day the bulk of their energy usage happens, relative to when the solar energy
is produced, and when the peak rates are charged. In general, the ideal usage
offset level will be lower if the customer can shift most of their discretionary

energy use (such as doing the laundry, baking, charging electric vehicles, run-
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ning the pool pump) to times of the day when the rates are at the lowest level.
The conclusion one can draw here is that customers can get the lowest cost on
electricity if their annual usage offset is 100% or in other words if their solar
panel array is sized to produce 100% of their annual consumption. Customers
like Ruth may have a hard time forecasting their energy demand in the future;
changes in the family structure, hours spent away from home, ownership of
electric vehicles and other high Wattage electrical appliances, expansion of the
home, and changing weather patterns could all influence a family’s energy con-
sumption. For a young family like Ruth’s, electricity consumption can be ex-
pected to increase in the years to come as she has additional children, her child-
ren grow up, her household income increases [10], or she buys one or more
electric vehicles. Basic economic theory suggests that when prices fall the quan-
tity demanded increases. Thus, solar customers who see their electricity costs
falling as a result of going solar may be likely to consume more electricity—for
example by running the air conditioner for more hours during the summer.
Given California’s mandate to have all new residential units (with three or fewer
floors) be solar powered, home builders who are targeting young families may
want to consider erring on the side of installing more rather than fewer solar
panels—if the building can accommodate it—to keep up with the growing elec-
trical needs of young families [10]. Similarly, customers planning on getting so-
lar panels installed may want to install a larger system if they believe their elec-

tricity usage might increase for the next several years.

Limitations and Future Research

While this study looked at the economic benefits of going solar for a customer
on a grandfathered tiered rate plan, it does not examine the financial implica-
tions of going solar for customers on time-of-use plans. This is something that
deserves to be studied. What would the ideal usage offset percentage be for cus-
tomers on TOU plans? How much money can TOU customers reasonably save
by time shifting a small portion of their electricity consumption? These are is-
sues that deserve to be examined. This study is based on data from one custom-
er, and while the results are generalizable, it would be prudent to do follow-up

studies using data from additional customers to validate the findings of this pa-

per.
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