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1) Executive Summary
This study takes a broad look at the business case for residential distributed energy storage.

Widespread adoption of distributed energy storage is in the public interest, offering utilities the
potential of cost avoidance in the face of growing demand and seasonally-stressed grids. While
technologies available for distributed energy storage come in many forms, the particular technology
most available to a large cross-section of homeowners would be battery systems such as those offered
by Tesla, SimpliPhi and others. Available for the price of a small car, these systems are compact and can
be installed within a day or two, typically in combination with a Photovoltaic (PV) system.

Homeowners considering such a PV + Energy Storage investment will be keenly interested in the
payback period: This study uses National Renewable Energy Lab (NREL) System Advisor Model (SAM) to
answer the following two questions related to payback period:

1. Does the system pay for itself within the “warranty period” using simple payback
calculations?

2. Or, longer term, does the system pay for itself within the “wear limit” period of the battery
using discounted payback calculations?



The short answer to both questions is, unfortunately, “No,” — even with the optimistic assumptions
underlying this study, summarized below:

b)

d)

i)  We selected the low end of the range of 10 kWpc PV system installation costs, $29K.

ii) We also assumed that the installation of $29K PV + $16K Energy Storage incurs no debt.

iii) The Federal tax credit incentive is assumed to be the current 30% allowance, and the New
Hampshire incentive was set to $1,000. Future credits may not be so generous.

iv) We leveraged projections from multiple sources to lower the forward-going US inflation rate
from 2.5% to 2.1% and the real discount rate of an alternate safe investment from 6.4% to
3.9%. Taken together, these make future savings more impactful in offsetting the initial
investment, significantly accelerating payback.

v) Finally, this study case is of a home office for which power consumption is higher. Higher
power consumption multiplied by these Time of Use (TOU) rate differentials gives a more
robust cash flow which more quickly pays off the initial investment.

Even with these optimistic assumptions, none of the three notional Time of Use (TOU) rates led
to payback before the warranty expired or batteries wore out. We therefore took the additional
step of factoring into all cases a cost avoidance of $4.7K since, for many homeowners, batteries
obviate the need for a home backup generator. Even with that cost avoidance the business case
remains tenuous, insufficient for all but one of the cases analyzed.

In addition to the $4.7K generator cost avoidance

i) To satisfy the business case for a tight TOU (T.TOU) with its peak periods highly focused
around the historic peak periods of use, we needed an additional incentive of $6.9K. It
would take combined allowances of $11.6K ($4.7K generator cost avoidance + $6.9K
incentive) to make an energy storage investment financially attractive for the notional
T.TOU.

ii) To satisfy the business case for wide TOU (W.TOU), similar in concept to the current
Eversource Residential TOD, we needed an additional incentive of $3K. It would take
combined allowances of $7.7K ($4.7K generator cost avoidance + $3K incentive) to make the
energy storage investment financially attractive for the W.TOU.

As substantial as these amounts seem, these amounts are still less than the $16K implied
incentive (free energy storage subsystem) that has already been used for the Liberty pilot.

If the rate is fixed, if battery scheduling is deterministic, and if the battery discharge rate into
the grid is capped at a safe level, it’s hard to envision significant added value brought by an
aggregator. Use of an aggregator should not be required for accessing any new TOU rate.

Initial research underpinning this study pointed to the fact that there are many possible
approaches to energy storage, including battery, pumped storage, ice-making, etc. The rate
and incentive system ultimately adopted should therefore be technology-agnostic. Given the
particular focus on battery technology in this study, an internet search turned up a half-dozen
potential battery/inverter suppliers in this market. Some such as SimpliPhi even publish SAM
models for their products. The rate and incentive system ultimately adopted should also be
vendor-agnostic.




The lower graphs in Figure 1 illustrate the two business case goals (payback before warranty and wear-
out) as vertical lines on a time-series cash flow chart. The computed payback periods are shown as
milestones. Warranty for the Tesla Powerwall is always fixed at 10 years. The wear-out date varies with
the battery dispatch schedule tied to each notional TOU, but should always be to the right of the

warranty date. The business case is satisfied when payback milestones fall on or to the left of their
respective warranty and wear-out lines.

Three cases are shown for notional tight, narrow, and wide TOU rates. Bottom line: For a homeowner
contemplating adding Energy Storage to their anticipated PV purchase, a viable business case requires
additional incentives and cost avoidance totaling from 29%-72% of the purchase price of the energy

system.
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1) Notional tight, narrow and wide TOU rates
First — a caveat:
The purpose of this study is to look at the business case for distributed residential energy storage

- not to design TOU rates. Rates used are notional solely for the purpose of performing this
analysis.

Notional rates were developed with goals of simplicity, consistency, and “rate neutrality.” Each of
the T.TOU, N.TOU and W.TOU rates were then separately optimized to minimize their respective
“simple” and “discounted” payback periods. Details of these rates are provided in Appendix C.

Design goals for two of these three rates included:

1. Simplicity:
1.1. All rates have only one tier.
1.2. No rates implemented demand charges.
1.3. Rates N.TOU and W.TOU have only two levels: High (for peak) and Low (for non-peak).

2. Consistency: the N.TOU and W.TOU rates were designed to be consistent with past rate

structures and also consistent with present rates used elsewhere in New Hampshire.

2.1. We keep the meter/account charge the same as the current Eversource flat rate for all
but case B, (the current Eversource TOD rate has a higher meter/account fee).

2.2. The W.TOU rate periods are similar to the current Eversource TOD periods.

2.3. The N.TOU rate periods are consistent across weekdays and weekends.

2.4. For both the N.TOU and W.TOU rates, charges associated with peak rate periods fall
between current Eversource charges and the Liberty pilot charges.

3. Rate neutrality:
3.1. For all three notional rates, we forced the SAM output, “Electricity Bill Without the

System,” to match that of the current Eversource standard rate. Therefore, within the
limitations of SAM, rates approached “neutral” in the case of the author’s system.

3.2. Beyond the scope of this paper is the fact that “rate neutrality” must be tested more
broadly, taking into account growth across the customer base and, hopefully, future
cost avoidance against the counterfactual case of zero growth in DG energy & storage.

4. Optimize Payback:

4.1. We iteratively added/subtracted hours from the blocks of time while adjusting energy
charges for the high and low periods, effectively doing a two-variable search to
minimize the payback period within the constraint of neutrality (§3.1 above).

4.2. Battery discharge periods were matched to the high rate periods, and the battery
discharge rate was then pushed upward (forcing wear-out to happen sooner) subject
to: 1) wear-out happening after the warranty period, 2) discounted payback period
being tuned to happen just before the battery wears out.




2) Significant assumptions related to SAM models

This study relies on NREL SAM models for computing payback periods. In addition to the previously-
discussed notional rates, these models are driven by other key assumptions, described below:

a)

b)

c)

System design

i)

The SAM analysis reflects the author’s residential 10.4 kWpc PV installation which features
SE, S, and SW mounting planes shown in Appendix A.

Readers will note that this is but one specific case, probably representing on the order of
0.01% of the Eversource DG customer and production base. Yet, the sensibilities of this
particular DG customer would likely be similar to that of other early adopters. This analysis
is therefore indicative of the issues that would be facing a broader campaign to encourage
homeowner investment in distributed PV + Energy Storage in the near term.

Battery

i)

After considering (and, in some cases, modeling) offerings from Tesla, Outback, Midnight,
Solar Edge / LG Chem and SimpliPhi, the author settled on a pair of Tesla’s Powerwall2 units
for this analysis. The Tesla price is currently in the ballpark of the others in terms of $/kW
for the required continuous and peak available power, and Tesla’s price is superior to others
in terms of §/ kWhac for energy storage. The selection of Tesla for this study is also helpful
for future comparison of these study results with those of the Liberty pilot.

Tesla Powerwall2s were modeled per the NREL SAM discussion available the following link:
https://sam.nrel.gov/node/74927. In the case of the SAM modeling done for this study,
capacity parameters were doubled to reflect two Powerwall2s —vs- the single Powerwall in
the SAM reference. Appendix B summarizes the parameters use for this selection.

Modeled costs for significant subsystems

i)

The author’s own PV installation was installed with the help of fellow volunteers from the
Hillsborough Area Renewable Energy Initiative (HAREI, https://www.harei.org/), however,
this study was focused on the cost of a professional installation which would be the more
typical case. Internet sources suggested that the average cost of a 10 kW installation in NH
ranges from $29K to $35K. Given the downward trend of PV pricing, the author selected the
lower end of that range, $29K, for the SAM runs in this study.

The modeled cost associated with the battery system was identical to a Tesla quote for
installing two Powerwall2 units plus a Gateway. Tesla’s quote to the author was $16.2K —
and although prices have since risen, they would be expected to drop back again as
additional production capacity and competition come online.

iii) All cases also include the avoided cost of a whole house generator. Internet sources

suggests generator and installation cost could range from $3,977 up to $5,072. For this
modeling, we leveraged the cost of a generator $2600, plus installation $1,000, plus
propane system installation including (but not purchase of) two size 120 propane tanks for
$1,095. This totaled to $4,695, falling midway between the other prices found on the
internet.


https://sam.nrel.gov/node/74927

d) Financial parameters

f)

g)

i) See Appendix D for financial values.

ii) Debt fraction is set to zero — a presumption that with rising interest rates, early adopters
would self-fund this acquisition.

iii) The “Inflation” rate was reduced from the SAM default of 2.5% to 2.1% per year based on
US inflation predictions from the United Nations and OECD.

iv) The “Real Discount” rate was reduced from the SAM default of 6.4% per year to 3.9% per
year. This is the computed compounded rate of an alternate low risk investment (Vanguard
VWINX), logging the investment gains in that fund over a long timeframe (3/1/1971 to
3/1/2019) and then backing out the effects of inflation over that same timeframe.

v) The combination of lower inflation and lower real discount rate drives the combined
discount rate from the SAM default of 9.06% down to 6.08% per year, significantly
accelerating the calculated payback period for the wear-out case.

Incentives

i) These runs used the current 30% Federal Investment Tax Credit (“ITC” in SAM Model). This
incentive is set to decline starting in 2020.

ii) These runs also included a $1000 New Hampshire Investment Based Incentive (“IBI” in SAM
Model).

iii) When a particular run could not achieve payback criteria even accounting for $4.7K of
avoided generator costs, an additional “Utility Incentive” was incrementally added until
payback criteria were met. That required additional incentive ranged from $3K to $6.9K.

Electricity rates
i) In addition to the three notional TOU rates described in the previous section and Appendix

C, the study also included two baseline Cases, “A” and “B,” using current PSNH residential
standard and TOD rates. These were downloaded via SAM from the Open EL Database:

(1) Eversource Residential Standard
http://en.openei.org/apps/IURDB/rate/view/5988958a682bea7f0a7121bf

(2) Eversource Residential Time of Day
http://en.openei.org/apps/IURDB/rate/view/5988958a682bea7f0a7121c5

Electric loads

i) See Appendix E for load values.

ii) The author used the “Calculate Load Data” SAM option whereby user-specified monthly
consumption values are used to calibrate a nearby dataset of hourly consumption values.

iii) Rates reflect the author’s actual Eversource power use for the two years prior to installing
the PV system. These figures are reflective of a home office, with two workstations and a
studio.
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Figure 2
Summary of SAM Modeling Results for Five Cases
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3) Summary of SAM modeling results

Figure 2 summarizes the SAM outputs from two baseline cases of the current Eversource rates, and the
three notional TOU cases - five casesin all. Regarding Figure 2:

All cases are based on a professional installation of 10.4 kWpc PV array, two Powerwall2’s & the
associated gateway, and $4.7K of cost avoidance associated with not needing a conventional
generator.
Cases A and B were included as a baseline reference point, using OpenEL downloads of the
Eversource standard and TOD rates.
Case C uses a notional tight TOU rate crafted from analysis of ISO-New England — New Hampshire
hourly costs by month, accumulated over the prior 12 months, separately analyzed for weekday and
weekends. The actual rates associated with each period were directly scaled from ISO New England
wholesale costs.
Case D uses a notional narrow TOU rate that kicks in between 12:00PM and 8:00PM for both
weekdays and weekends. The peak rate is similar to that of the recently-approved Liberty pilot.
Case E uses a notional weekday wide TOU time period similar to the current Eversource TOD
structure, but driven to a wider cost spread similar to rates selected for the recently-approved
Liberty pilot.
The blue-colored box demarking “Electricity Bill Without System” on both the upper and lower
sections is an important feature of the study. In every case other than Case B, the rates were tuned
to keep a constant value for this attribute in an attempt to enforce rate neutrality for this particular
residential DG account.
o Inthe particular situation of Case B we let the Eversource TOD rate float to its computed

value which ends up being higher than the standard rate this DG customer is now paying.
The computed simple and discounted payback periods are shown near the bottom of each data set,
with titles highlighted in blue.

o Within the data sets, if these calculated payback periods meet minimum business case
criteria, they are highlighted in green. If they are within 25% of compliant, they are
highlighted in yellow. Otherwise the fields are red.

Conclusions:

a) Even with a 30% Federal tax rebate, a $1K NH incentive, and optimistic assumptions, none of the
three notional Time of Use (TOU) rates led to payback occurring before the warranty expired or
batteries wore out.

b) Figure 2 already includes the additional step of a $4.7K cost avoidance for a generator. Even
with this cost avoidance, the business case remains tenuous, insufficient for all but one of the
cases analyzed (Case “D”, N.TOU).

c¢) Fora homeowner contemplating adding Energy Storage to their anticipated PV purchase, a
viable business case therefore requires additional incentives and cost avoidance totaling from
29%-72% of the purchase price of the energy system. In practice, this could be a combination of
incentives such as a purchase credit (S/kWh of storage), a “buy one get one free” battery
arrangement, an unusually high TOU rate differential accounting for a more expansive
calculation of avoided costs, or an exceptionally high sell rate for pre-arranged energy dumps to
the grid.



Appendix A — The particular PV system used for this study

§250 —— roN—— Pgr— @5 —— SNy —g- I

L4

unr

[ a—

uer

215 SIY1 18 LYIUO YoES J2n0 pawwns Aeq jo awi] AQ pf DV [ERUSIO4

uolINqUEK] A¥|IgeqoUd Wn) ——
ST

U NP o4 [ENULY —8—
0T

0zt
0¥T
091
08T

00Z

%02
%09
%08
%001
%071 :
Md 00°S A9 %00T ‘INd 00°F A9 %66 — Y 009 Aq %62
‘Ae( Jo awi] Agquonanpold |enuuy
£81°T
00 00 00 siHdID]ogze [0ZET 0969
%L6 ¥19Z |%001 80LZ (%001 8'0LC | [BUBd /MOId B [z
LAy 60T 76 06 So1 851 sduwiy xepy 06C 06T
%6T %LT %0E 35M1SIH %
796 L19°F  per's | 659 TFEE  pos'e | P9E9  TTES  g60%9 JAfUN DY
Xew uw  psg'e Xew U o9z xew Ui 55%y suem oa
S2€ brd a2¢ |Jaued/m
[1]% Al 8 A 143 Il s|aued
$004 MS 2103 HEW 100y 18]4 saiesdn o0y 35 a5eseD
£diN ZdIN TdIN

0 0 0 0 0 € 0 9 0 0 0 0 vI0 y2eg |I35
089 vGL LEB L0ET /9ET  9TFL  [PET  BOCT 99CZT 8921 €6 €8 910 § paiddns-y3s
95 |EILO]SIH JO Juadiad %99
9907 LETT 8TTT LOTT 6GST OTWT wLLT 69ZT EEET GLLT €8T  ELZE BT-LTOZ UMA 08H'0C
089 LT LEB L0ZT [9ET 6EFL [IVEL OEEL 99C¢1 89C1 L6 8 E6E'ET
00 00 00 00 00 00 00 00 00 00 00 00 €& zoe  Agmig
00 0o 0o 0o 0o (] (] (] 00 00 00 0o (44 2001 e
00 00 00 00 00 00 00 00 00 00 00 00 1T %00T %0 00 £
00 00 00 00 00 00 00 00 00 00 00 00 0 %00T %0 00 @
00 0o 0o 0o 0o (] (] (] 00 00 00 0o 6T 2%00T %0 00 Tz
00 00 00 00 8&F €SI 9Fl S8 €0 00 00 00 8T %00T %0 00 0z
00 00 00 0¥l OFE B8Oy €SE 9¥E L9 8FL 00 00 LT %00T %0 00 6T
00 00 TTL 9ES Sh. S9. 669 99 695 99 TvE €8 9T %001 %0 60 8T
1’88 ¢/E GS69 ET6 LEIT OTOT #10T 086 668 T'SOT ¥#E8 ¢€E9 61 %66 %L cv ras
§9L §9L @€6 LTET S'SET SEPT O'GET S€TT L'€ZT 6THT TOZT TTOT #1 %86 %E L7091
TTOT T'66 66IT PLPT ¥'OST 6'65T ¢'6PT L'tPT OLPT 909T T'SPT TSIT €I %S6 %L 65T (ST
£°B0T O'GIT 6T 96GT T/ST T'69T 6°09T ['6ST 6°8ST ¥ 1 BTIST 6'EET €1 %88  %IT €BE VL
PLTT T'OTT 84TT 0T9T €861 OTLT €657 80T 9TLT TOLT 6°GET L'AZT 1T %L %ZT TSP €T
8TOT O'PTT T'STT S6PT L'POT LTLT T'BET 6'6ST 9ULST STST TLIT ¥8IT 0T %S9 %YL  6'6F T
6. 08 90T L0ET T'Erl ¢'StT T'BET O°OFT E0ET OCZT €46 E98 %IS  %PT ek 1T
LEF TS0 6'T8 6'S8  Z'TIT SSTT O'W0T T'60T 816 €68 09 LSS %LE %ET  L'Sk 0T
8TT vTE TPS TLS TOL ®EL TP TTIL €S9 §OS 08T 9TI %ST %IT  68E 6
00 0o 8F¥l 8¢ % ¢0r OFr E£6E V¥EE T¥V¥L 00 oo %Pl %L ofe 8
00 00 00 S0 8L ®ET ECT 9OET T9O 00 00 00 %9 %b 09T £
0o o0 00 00 00 ¥O0 &I €0 00 00 00 00 %L %L rs 9
00 0o 0o 0o 0o (] (] (] 00 00 00 oo %0 %0 €1 <
00 00 00 00 00 00 00 00 00 00 00 00 %0 %0 00 ¥
00 o0 00 00 00 00 00 00 00 00 00 00 %0 %0 00 €
00 0o 0o 0o 0o (] (] (] 00 00 00 oo %0 %0 00 Z
280 AON PO des  dny unr  Aew ady e ge4 uer %0 %0 0o 1
%0 %0 00 0
a [ o [ 6 [ 8 [ &9 s [ v |||t eqo.d WnD § [enuuy 12153y ok
ea\ Jad panes siejjog I81°CS
sdwy snoaueynwis T'SE
U €6E'ET
M Dd oot'ot

y|aes



Appendix B — SAM parameters for a pair of Tesla Powerwall2 energy storage units

Note that specifications contained in the referenced thread are for a single Powerwall unit, and the SAM

models use in these analysis specify two such Powerwalls.

Reference

https://sam.nrel.gov/node/74927
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Appendix C — Notional T.TOU, N.TOU and W.TOU Rates
a) Selection of T.TOU, N.TOU and W.TOU high rate periods
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Figure 3
ISO New England — NH — Total cost by hour for each month, for the most recent 12 months,

Weekdays
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Figure 4
ISO New England — NH — Total cost by hour for each month, for the most recent 12 months,

Weekends
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The author’s initial impulse was to tighten the peak periods around what has historically been peak
costs of energy to NH from ISO-New England. The data in Figure 3 and 4 was a starting point for this
approach — pulling ISO New England data for New Hampshire, summing the “Total Cost” figures for
each hour of a given month, and then plotting the prior twelve months of these sums by time of day
separately for weekdays and weekends. (Reference: https://www.iso-
ne.com/isoexpress/web/reports/load-and-demand/-/tree/whlsecost-hourly-newhampshire).

111449411 DHEERE EERRY | |
vee I e Nl 555 55000

-Rates for Energy Charges
Period| Tier Max. Usage | Max. Usage Units| Buy ($/kWh)
1 1 Te+38 kWh 0.06
2 01 tes kwn 04039
3 1 le+38 kWh 0.7438
4 1 |1e+38 kWh 017171
Paste 5 1 1e+38 kKWh 0.24823
Figure 5

Tight TOU (T.TOU) focused around prior year peak demands.

16
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The chosen rates were directly scaled from the ISO New-England wholesale costs for each period.

Despite the seeming advantages of tightly bracketing the prior year peaks (red ranges in Figures 3 &
4), the payback was disappointing in the particular case of this customer’s power consumption.
Peak NH demand on ISO New England did not highly correlate with peak demand from our home
and home office.

The second attempt at a TOU rate bracketed the afternoon and evening, from noon to 8:00 PM
(green range on Figures 3 & 4). This captures the peaks for all seasons of the year, and does so with
sufficient breadth to allow reasonable rate differential between the high and low periods. This
ended up being the best choice, reflected in the data shown as “N.TOU”, Case “D” in this study, and
illustrated in Figure 6, below.

SRR R RERENERERERENEREREN | | [ | | [ [ | [CHEN
SSLRLRLRERE RN | [ | [ [ [ [ | RN

‘Rates for Energy Charg

Period | Tier| Max. Usage| Max. Usage Units| Buy ($/kWh)

1 1 1e+38 kWh 0.054
2 1 e 0354
Paste
Murmber of entries:
Figure 6

Narrow TOU (N.TOU) focused on afternoon and evening demand
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The third bracket, (blue range) goes from 7:00 AM to 7:00 PM. This high period is similar to that
offered in the current Eversource TOD, and has the advantage of capturing not only the summer
high peaks but also the morning peaks in colder months. This notional W.TOU is the basis for Case
“E” in this study. The resulting savings from this were not as significant as that of Case “D”, but
were still acceptable when coupled with generator cost avoidance and a purchase incentive.

T o T 035

Figure 7
Wide TOU (W.TOU) Weekday Rate
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Appendix D — Financial parameters
Inflation Rate

Annual rate of change of costs, typically based on 2 price index, expressed as a percentage. SAM uses the inflation
rate to calculate the value of costs in years two and later of the project cash flow based on Year One dollar values that
you specify on the System Costs page, Financial Parameters page, Electricity Rates page, and Incentives page.

The default value of 2.5% is based on consumer price index data from the U.S. Department of Labor Bureau of Labor
Statistics, and is the average of the annual average consumer price index between 1991 and 2012.

The inflation rate may be either a positive or negative value.
Real Discount Rate

A measure of the time value of money expressed as an annual percentage. SAM uses the real discount rate to
calculate the present value (value in year one) of dollar amounts in the project cash flow over the analysis period and
to calculate annualized costs.

SAM's financial model results are very sensitive to the real discount rate input. If you plan to use metrics like the net
present value, levelized cost and PPA price, and internal rate of return, you should carefully consider the discount rate
to use for your analysis. The default value is based on a reasonable guess for renewable energy projects in the United
States. Because discount rates are very subjective and project developers are typically reluctant ta share information
about discount rates, published documents on renewable energy finance typically do not include detailed information
about discount rates.

Mote. For projects with one of the PPA financial models, SAM includes both a discount rate and internal
rate of return {IRR) in the analysis. For these projects, the discount rate represents the value of an
alternative investment, and the IRR can represent a profit requirement or the risk associated with the
project. For example, the IRR. may be higher than the discount rate for a renewable energy project with
higher risk than an alternative investment.

Nominal Discount Rate

SAM calculates the nominal discount based on the values of the real discount rate and the inflation rate:

Nominal Discount Rate = [ { 1 + Real Discount Rate = 100 ) = {1 + Inflation Rate = 100} - 1] = 100

For the purpose of these SAM runs:

1) Debt fraction is set to zero — a presumption that early adopters would self-fund this
acquisition.

2) Inflation rate was reduced from the default of 2.5% per year to 2.1% per year based on
projected US inflation data from the United Nations and OECD data sets.

3) Discount rate was reduced from the default of 6.4% peryear down to 3.9% based on the
long range returns of an alternate investment (Vanguard VWINX). Its measured gain
from 3/1/1971 to 3/1/2019 was equivalent to an annual compounded rate of 7.9%.
When one backs out the effect of inflation over that same timeframe, the VWINX real
gain was an annualized compounded rate of 3.9%, as shown in Figure 8 below.
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Inflation since 1971

51 1972
56.22 2019
Gain Years Compounded annual Gain
6.22 47.00 4.0%
WVWINX
10,000 3/1/1971
398,774 3/1/2019
Gain Years Compounded annual Gain
39.88 48.00 8.0%
Real 6.411 48.00 3.0%
~Residential Loan Type
() Standard loan Standard loan interest payrments are not tax deductible.
(®) Mortgage

rLoan Parameters

Maortgage interest payments are tax deductible,

Debt fraction I:l %
Lean term I:lyears
Loan rate I:l lyear

Met capital cost § 36,505.02

Debt § 0.00

calculations.

For a project with no debt, set the debt fraction to zero.

- Analysis Parameters

Analysis period years

rProject Tax and Insurance Rates

Mominal discount rate Fo/year

Federal income tax rate Fafyear
State income tax rate Folyear
Sales tax Ij| % of total direct cost
Insurance rate (annual)

% of installed cost

rSalvage Value

-Property Tax

The weighted average cost of capital (WACC) is
displayed for reference. 5AM does not use the value for

Assessed percentage Ijl % of installed cost
Assessed value
Annual declineljhﬁ"year

Property tax rate Falyear

i

Met salvage value % of installed cost

End of analysis pericd value

Figure 8

SAM Financial Model
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Appendix E — Electric loads

Rates reflect the author’s approximated Eversource power use for the two years prior to installing the
PV system. These figures include the load of an electric hot water heater, central forced-hot-air HVAC,
and are reflective of a home office, with two workstations and a studio.

The more general case of a homeowner would likely have less power consumption.

¥ Calculate Load Data

The calculate load data option for residential buildings allows you to use monthly electric bill datz and basic building

energy parameters to calculate an hourly load profile. You can use this option to estimate load data when you do not
have access to more accurate data.

Building Energy Load Profile Estimator

To use the estimator
Enter values and choose options to describe the residential building's basic energy performance.
The occupancy and temperature schedules allow you to adjust the daily profile of the lead. Click Edit to enter

adjustment factors for each of the 24 hours in a day. (The 24 values should all be one for no adjustments.)

Under Monthly Load Data, type monthly total electricity consumption values for one year's worth of electricity
bills.

Click View load data to open the time series data viewer with the 8,760 hourly load profile generated by the
estimator.
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Building Energy Load Profile Estimator

-Building Characteristics -Electric Appliances
3,500.0
Floor area =qft Cooling system Dishwasher
[#] Heating system [#] Washing machine
Mumber of stories
Mumber of occupants |:| Range (stove) Dryer
Energy retrofitted [ ] Refrigerator Misc. electric loads
Occupancy schedule | Edit.. | fraction/hr
-Temperature Settings -Maonthly Load Data
Heating setpoint 68.0 |°F Jan | 2731.00 | kWh Jul | 2,213.00 | kWh

Cooling setpoint 76.0 [*F Feb | 213600 | kWh Aug | 213500 | KWh

Heating setback point 68.0 [<F Mar | 1,303.00 | kWh Sep | 131200 | kWh

ngling getup point 76.0 °F Apr 1,235.0‘] kWWh Oct 1,1}4{?.1}[}' k\Wh
Temperature schedule | Edit.. | on/off May | 1.108.00 | kWh Mov | 1,258.00 | kWh
Jun | 1,840.00 | kKWh Dec| 1,855.00| KWh

| Yiew load data... I

~Annual Adjustment
— In Value mode, the growth rate applies to the previcus year's
Load growth rate%."yr annual kWh load starting in Year 2. In Schedule mode, each
year's rate applies to the Year 1 kWh value, See Help for details,

Figure 9
SAM Electrical Loads Monthly Inputs
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Figure 10
SAM Electrical Loads Model
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Appendix F, Case “A”: Open El file of current Eversource standard residential rates

Period| Tier| Max. Usage Max. Usage Units| Buy ($/kWh)| Sell ($/kWh)
1 1 |1es38 KWh 0.12644 0
- Manual Dispatch Model
Charge Charge from grid Discharge To activate the manual dispatch model, choose Manual Dispatch under "Choose
from PV Allow % capacity Allow % capacity Dispatch Model” above, These inputs are inactive for the automated dispatch options.
Period 1: B B O
Period 2: 1 [ O
Period 3: [ [ [
Period 4: ] ] O
- 0
Period &: [ [ O

Figure 11

Case “A” Rate Structure and Manual Battery Dispatch Table
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Figure 12
Case “A” Incentive Table and Results
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Appendix F, Case “B”: Open El file of current Eversource residential TOD rates

Period Tier| Max. Usage Masx. Usage Units| Buy ($/kWh)
1 1 le+38 KWh 0.13832
2 1 |1e+38 kWh 0.27706
rManual Dispatch Model
Charge Charge from grid Discharge To activate the manual dispatch model, choose Manual Dispatch under "Choose
from PV Allow % capacity Allow % capacity Dispatch Medel” above, These inputs are inactive for the automated dispatch options.
et B @ :
oz @O 0
oz @D @
et OO 0
: oo 0
eas O O :

a

Figure 13

Case “B” Rate Structure and Manual Battery Dispatch Table
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Figure 14
Case “B” Incentive Table and Results
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Appendix F, Case “C”: Tight TOU with cost avoidance of generator

Period | Tier| Max. Usage| Max. Usage Units| Buy ($/k\Wh)
1 1 1e+38 kWh 0.06
2 1 |le+38 kKWh 0.49039
3 1 le+38 kWh 0.7438
4 1 [le+38 kKWh 017171
5 1 le+38 kWh 0.24823
r Manual Dispatch Model
Charge Charge from grid Discharge To activate the manual dispatch model, choose Manual Dispatch under "Choose
from PV Allow % capacity Allow % capacity Dispatch Model" above. These inputs are inactive for the automated dispatch options.
et @ @ :
Period 2: =] O =)
ey @ O =
s DO @
o@D 2 [
ot 0 O 0

Figure 15
Case “C” Rate Structure and Manual Battery Dispatch Table
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Figure 16
Case “C” Incentive Table and Results
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Appendix F, Case “D”: Narrow TOU with cost avoidance of generator

Period | Tier| Max. Usage| Max. Usage Units Buy ($/kWh)

1 1 1e+38 kWh 0.054
2 1 Te+38 kWh 0.354
r Manual Dispatch Model
Charge Charge from grid Discharge To activate the manual dispatch model, choose Manual Dispatch under "Choose
from PV Allow % capacity Allow % capacity Dispatch Model" above. These inputs are inactive for the automated dispatch options.
Period 1: [} [} O
Period 2: = O 0
Perind 3: ] | = 435
Period 4 O O 0
wwi DD o
Period 6 O O O

Figure 17
Case “D” Rate Structure and Manual Battery Dispatch Table
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Figure 18
Case “D” Incentive Table and Results
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Appendix F, Case “E”: Wide TOU with cost avoidance of generator

Period | Tier| Max. Usage Max. Usage Units| Buy ($/kWh)

1 1 le+38 kWh 0.08
2 1 |le+38 kKWh 035
Weekend
E E E E E E
328 g8
Jan [l
oo 48]
Mar
Apr
May
oo S
Jul
Aug
Sep
o |
Nov .
Dec .
rManual Dispatch Model
Charge Charge from grid Discharge To activate the manual dispatch model, choose Manual Dispatch under "Choose
from PV Allow % capacity Allow % capacity Dispatch Model" abowve. These inputs are inactive for the automated dispatch options.
wn @ @ 0
ez @ D :
Period 3: [~ O [}
= 0
- 0
e O O 0

Figure 19
Case “E” Rate Structure and Manual Battery Dispatch Table
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Figure 20
Case “E” Incentive Table and Results
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