SOLAR AND
STORAGE

7.5 kW solar grid tied PV system / Tesla Powerwall 2

Second Edition




CONTENTS

® Challenges

® Sustainability and po’renhal fu’rure of Powerwall 2
® Looking ahead:
* Global
/ ® Personal



WHO AM | ?

ergy

“con s possible. Your focus

may be ¢ =

[E——

® | consider myself an early adopter.




ORIGINAL MOTIVATIONS FOR SOLAR AND STORAGE

of electricity

® home i |mp ovem m—

— -

* Availability of Alberta Government Rebates (circa 2017)
* Availability of second-generation Powerwall
/3 ®* 13.5 kWh energy storage vs 6.4 kWh for Gen 1




ORIGINAL GOALS

= " wer (wind farms etc.)

®* maximize ding installation on east/west

facing part of roof and the gqrqe (which has some shading)
® ®* maximize self-consumption
/3 ® Use a sustainable PV module manufacturer




SOLAR

es in past Meetups.

My focus toc

* real-world production relative to solar panel orientation (totals since
¢ install in Aug 2017)
/3 ®* Newest financial calculations ( especially benefit of “Solar Club”)










TESLA POWERWALL 2 GENERAL INFO:

5 an eserve ¢ kup only (e.g. when no solar or grid)

®* Power output (as of 201 7 version): 7kW peak / 5kW continuous
® Published efficiency: 20% round-trip
/ ® Warranty: 10 years at 80% capacity (Canada)




MY (CUSTOM) POWERWALL 2 INSTALLATION

_ modate:

Fridge, furnace fan etc.)

from : _ ]

-
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® Scenario 2: no grid power AND no solqr PV production
®* Powerwall can supply critical systems (lights, Fridge, furnace fan etc.) from this
/3 subpanel




Power flow via a simplified schematic
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Solar inverter

Backup Gateway Main panel

Powerwall Backup loads Home loads







Monitoring and stats:
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Total energy production up to May 1 2023
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Total energy production relative to orientation

R A B C D

E
OHEtatGH Modile Outbut IMWE Average for specific orientation Percentage rel_ative to
R Module  Output [MWh) MWh south facing

2 East Roof 121 151
3 East Roof 1.2.2 1.51
4 [ast Roof 1.2.3 1.84
5 Fast Roof 1.2.4 1.82
6 East Roof 1.2.5 1,83
7 East Roof 126 184
8 East Roof 1.2.7 1.81
9 East Roof 1.2.8 1.83
10 1.74875
11 South Roof 1.1.10 2,13
12 South Roof 1111 213
13 South Roof 1.2.9 2,12
14 South Roof 1.2.10 2,06
15 South Roof 1211 2.08
16 South Roof 1.2.12 2,13
17 South Roof 1.213 2,14
18 South Roof 1.2.14 2.16
19 2,11875
20 West Roof 111 1.73
21 West Roof 112 1.66
22 West Roof 113 1.66
23 West Roof 1.1.4 1.66
24 West Roof 1.1.5 1.7
25

26 South Garage 116 1.72
21 South Garage 1.1.7 148
28 South Garage 1.1.8 1.65
29 South Garage 1.1.9 181

Total output

| Total up to May 12023 (&
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o Home 12:18 PM

Powerwall

Backup Reserve

e

Reserve Energy for Grid Outages

20% 380%

Backup Self-Powered

89Y, -

Recommended

Operational Mode

Self-Powered

Use stored energy to power
your home after the sun goes
down. Reduces your reliance
on the grid.

Time-Based Control

. Home & 12:19 PM 89% WM

Storm Watch

Storm Watch N )

Automatically protect your home
against severe weather events
which may cause outages. Tesla
uses your home address to identify
these events. When Storm Watch
activates, Powerwall will charge to
maximum capacity for additional
backup protection.

Time-Based Control

Home & 12:19 PM 89Y% .

Powerwall

i

Use stored energy to maximize
savings based on your utility

rate plan. Gives you the lowest
energy bill.

Utility Rate Plan
Flat (edited)

ADVANCED OPTIONS
Grid Charging

No Yes

Enable this when you're allowed to
grid charge. Powerwall will use the
grid to charge to your backup
reserve and for daily use in Time-

— ' e~




8.35 MWh

Three po
1) From solar =8.79 MWh
2) from Powerwall - ~36% ~=10.21 MWh

3) from grid* ~33% ~=9.36 MWh
7 *Net export to grid = 22.67 MWh - 9.36 MWh ~= 13.31 MWh
/3 e so~13.31/43.61 ~= 30.52 % of total solar generation

siven time), sorted by priority:




e 0 .6

¢ 2021 1.97 MWh /2.19 MW} ‘ 89.9%

* 2022 1.84 MWh/2.03 MWh 90.6 %
@
/3 5 Year Average = 88.6 %




DOLLARS AND CENTS

aces facing east, west

and sou’rh) T R— -

®* New Main panel (200 Amp bus) and Subpanel (100 Amp bus)
/3 ® Extra circuitry to allow Solar / Powerwall to supply some of house from

subpanel if no PV and/or grid



r

 $5.625.00

e Final cost* ‘ $32,089.62

Anticipate 20 year life of Powerwall and 30 year life of PV panels and component
recycling will be in place by that time. That cost is unknown at this point

* Added Rodent guard in April 2021 (details later) $2,294.25



C Rate
2017

all compared to

“ Addmonql fmqncm benefit from Solqr Club (started in spring
/ 2019)




Regulated Rate @ Fixed Rate @ Variable Rate @ Microgeneration Rate @

13-Month Average 13-Month Average 13-Month Average 13-Month Average
16.37¢ / KWh 8.99¢ / kWh 22.3¢ | KWh 18.96¢ / kWh

These average rates are intended to show price trends over time. They are not intended to represent specific rates or plans at any given
time and don't include delivery charges.

Variable rates in the chart include transaction charges and may not be populated within the first two weeks of the following month.
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5 ESTIMATING

Figure 1. Average monthly transmission charges for residential RRO
customers, by service area, 2004 to 2021

AVERAGE MONTHLY TRANSMISSION COST OF ELECTRICITY
FOR RESIDENTIAL
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® ATCO Electric @ FortisAlberta ® ENMAX ® EPCOR

Source: Compiled by the Office of the Utilities Consumer Advocate based on dats provided by the Alberts Utilities
Commission and Alberta Electric System Operator

SION COSTS

Figure 2. Average monthly distribution charges for residential RRO

customers, by service area, 2004 to 2021

AVERAGE MONTHLY DISTRIBUTION COST OF ELECTRICITY
FOR RESIDENTIAL
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@ ATCO Electric ® FortisAlberta ® ENMAX @ EPCOR

Sowrce: Compiled by the Office of the Uthwbes Consumer Advocate based on dala provided by the Aiberta

Uthes Commission and Alerta Electrie System Operator

Average ENMAX Transmission and Distribution rates over 2017 —2023:
~$24 + $21 ~= $45 /month for average house (600 kWh) . So ~ 45/600

~= 7.5 cents/kWh
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COST ¢

B C D
Monthly Electricity ~ Monthly RRO +
Month RRO from ENMAX  variables { add $

kWh .075/kWh)

S RO SR e e e AT T R L

November 1, 2021 0.10669 0.18169
December 1, 2021 Q0.11972 0.19472
January 1, 2022 0.15876 0.23376
February 1, 2022 0.1652 0.2402
March 1, 2022 ‘ 0.1058 0.1808
April 1, 2022 0.10216 0.17816
May 1, 2022 0.09971 0.17471 1080.00
June 1, 2022 0.1184 0.1934 1020.00
luly 1, 2022 0.14777 0.22277 1150.00
August 1, 2022 0.17341 0.24841 1050.00
September 1, 2022 0.156958 0.23199 830.00
October 1, 2022 0.18031 0.25531 560.00
November 1, 2022 0.18245 0.25745 230.00
December 1, 2022 0.22133 0.29633 130.00
January 1, 2023 0.135 0.21 262.80
February 1, 2023 0.135 0.21 254.40
March 1, 2023 0.135 0.21 642.10
April 1, 2023 ‘ 0.17662 0.25162 984.10
May 1, 2023 0.16007 0.23507

Monthly Solar Avoided cost due to
production {(kWh) Solar production

59.96
15.58 1,349.37 2021 total
56.10
57.65
130.18
156.78
188.65
197.27
256.19
260.83
192.55
142.97
59.21
38.52 1,736.94 2022 total
55.19
61.82
134.84
247.62

L Y ¥ ¥ R Y ¥ ¥ o R e Vit S W S Vo S ¥ R 7

Totals 43573.60 S 6,992.75

Value of solar from Aug 2017 — April 2023 = $6992.75

~ $1500 / year average

*Solar production data is from the Gateway view where inverter conversion losses are already factored in
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Solar Club: production M 3 Solar club: Net  Solar Club: Rate Monthly Electricity Solar Club rate less Solar Club: N.et Gain
at high rate (kWh) s ot At il roduction (kWh)  (cents/kWh) RRO from ENMAX RRO rate {Nstproductionx
R rate (kWh e kWh e Rate)

February 1, 2021 0 G.42 0.08763
Narch 1, 2021 | B.6 23 0.07335 0.15665
April 1, 2021 | 20 a6 23 [LUBA2S .14175
May 1, 2021 as 23 0.07504 0.15495
June 1, 2021 23 0.06732 0.16218
July 1, 2021 23 0.,10071 Q0.12929
August 1, 2021 ; 23 0.,1202& 0.10376
September 1, 2021 | > ) 23 (110518 0.12482
October 1, 2021 23 010384 012616
November 1, 2021 0.10669
December L, 2021 0.11972
January 1, 2022 0.15876
February 1, 2022 0,1652
March 1, 2022 | 1.10%8 0.15270
April 1, 2022 0.103186 0.15534
May 11,2022 0.09971 0.15879
lune 1, 2022 . 0.1184 0.14010
July 1, 2022 : 0,14777 0.11072
August 1, 2022 | y .1/331 Q08509
September 1, 2022 ‘ 55 ¢ ¢ (.15699 0.10151
October 1, 2022 0.18031 0.07819
November 1, 2022 0.182415
December L, 2022 0.22133
fanuary 1,2023 0,135
Fehruary 1, 2023 | 0135
March 1, 2023 ! . 0.135 0.15000
April 1, 2023 0.17662 0.10838
May 11,2023 0.15007

Month

2021 total

2022 total

0.23
6969

Totals

2,087.45 |

LV

Net benefit from Solar Club ( spring 2019 — April 2023) = $2087.45
~ $500 / year average




@ *Coming into large production months May-Sept 2023 with anticipated additional $2,000 by end of 6th
year. Adding anticipated value of summer production of $2,000 will mean ($9080.2 + ~$2000) / cost
/J ~=$11,080.2 / $34,383.87 ~= 32.2 % after 6 years
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ACTUAL ELECTRIC COST SINCE SYSTEM INSTALL

Electric bills from Aug 2017 — April 2023 (screen shows ~ last two years) Note the highlighted amounts are credits

Electric bill from BowValley Rebate from
Power - Amount due BowValley Power

- v
43.34
66.28
70.98

Date (mm/dd/yyyy)

lanuary 1, 2021
February 1, 2021
March 1, 2021
April 1, 2021
May 1, 2021
June 1, 2021
July 1, 2021
August 1, 2021
September 1, 2021
October 1, 2021
Novernber 1, 2021
December 1, 2021
lanuary 1, 2022
February 1, 2022
March 1, 2022
April 1, 2022
May 1, 2022
June 1, 2022
July 1, 2022
August 1, 2022
September 1, 2022
QOcrober 1, 2022
November 1, 2022
December 1, 2022
January 1, 2023
February 1, 2023
March 1, 2023
April 1, 2023
May 1, 2023

25535 3 2021 total

2022 total

B Y e e Y L L L Y R e T

S 295.44

1,477.93 § 2,915.48 |-S 1,437.55 | 7

n

Total credit = $1437.55 and ~ $500 / year credit over the last two years




nergy from

ated at ~ 7.5
y energy rate).

eg importing 1 it costs an additional 7.5 cents

* Powerwall will avoid this differential by storing some excess solar

generation for self-consumption versus exporting this excess only to import

/D it back later when house needs it (ie when no solar production)



Date (mm/dd/yyyy) s

House: Monthly energy received from

Savings on differential ( 7.5 cents x monthly kWh

Powerwall (kWh) from Powerwall)

January 1, 2021
February 1, 2021
March 1, 2021
April 1, 2021
May 1, 2021
June 1, 2021
July 1, 2021
August 1, 2021
Septemher 1, 2021
Qctober 1, 2021
November 1, 2021
December 1, 2021
January 1, 2022
February 1, 2022
March 1, 2022
April 1, 2022
May 1, 2022
June 1, 2022
July 1, 2022
August 1, 2022
September 1, 2022
October 1, 2022
November 1, 2022
December 1, 2022
January 1, 2023
February 1, 2023
March 1, 2023
April 1, 2023
May 1, 2023

Totals

130
80
190
170
190
190
210
160
170
260
180
30
130
110
220
200
240
140
150
140
170
140
130
70
151.9
131.2
138.1
153.3

VAV At O o naaaon s i it e i e

10740.50

Net Powerwall value = Savings on differential

= $805.54

9.75

6.00
1425
12.75
14.25
14.25
15.75
12.00
12.75
19.50
13.50

2.25

9.75

8.25
16.50
15.00
18.00
10.50
11.25
10.50
12.75
10.50

89.75

525
11.39

9.84
10.36
11.50

147.00

138.00



ooking at ROI:

May not be appeali

[E——

® Minimum financial return if only viewing Powerwall as a financial
O investment instrument
/) ® Could be considered a low risk/low return investment




BENEFITS FROM POWERWALL NOT INCLUDED IN PREVIOUS
CALCULATIONS:

anti-islanding

1) b3 ckup systems

- More sustain ) adding a PHEV/EV

O Can charge PHEV/EV in the ever s from electricity generated from solar

- As more people add storage, this may:
- Defer/eliminate need for costly grid upgrades / Peaker plants
/ - Potential to participate in future Virtual Power Plants (VPP)




CHALLENGES /SURPRISES /UNKNOWNS

\_/ .
e

to nest under the

paneis

- Get rodent guarn make sure it is done properly
T - Show







eater impact

um energy
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B T S
Source: Conversation with Bing, 2023-06-12 (1) Edmonton study shows snow only mildly affects solar panel productivity ... https://www.thestar.com/edmonton/2018/07 /22 /edmonton-
study-shows-snow-only-mildly-affects-solar-panel-productivity.html Accessed 2023-06-12.

(2) Solar panels shine despite winter's blast, NAIT study finds. https://www.nait.ca/nait/about /newsroom/2018 /solar-panels-shine-despite-winters-blast-nait-st Accessed 2023-06-12.

(3) Solar panels shine despite winter's blast, NAIT study finds. https://www.nait.ca/applied-research/about /news-media/solar-panels-shine-despite-winters-blast-nait-st Accessed 2023-
06-12.

(4) Nait Solar Array - Orizon Energy. https://orizonenergy.ca/nait-solar-array/ Accessed 2023-06-12.

(5) FACT SHEET: Solar Panels in Winter2. https://www.3ne.ca/wp-content/uploads/2020/11 /Solar-Panels-in-Winter-Fact-Sheet-3NE-e.pdf Accessed 2023-06-12.




The bane of Solar (and garage sales) in Calgary:
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pa tery storage

- could not * fire caused by a Powerwall 2 ( Bing

chat)
- My Powerwall 2 install is grandfathered

Reduced capacity / degradation of battery (sustainability)




SUSTAINARBILITY AND POTENTIAL FUTURE OF POWERWALL 2

\_/
Y

t there is a good

business ca

® Potential par’ricipa’rioPPs 4
7 ®* TOU coming? If so, charge when rates are low and self-consume when high




®* Note
battery to a fu

L

state during every cycle, wt
is not common in a real-world

situation

2) Sample data from Tesla app

14,000

12,000

Energy discharged (Wh)

Figure 8 Energy discharged per cycle by the Tesla Powerwall Z battery pack

Capacity Fade

The energy discharged per cycle is depicted in Figure 8. The data suqgests a
SOH of ~79% after ~2,520 cycles




492 kWh

arged 10,210 kWh

* Therefore , this would represent (10,210 / 30,492) of 21 % ~=
* 7% Degradation




ol Home =

< Fri Jun 2nd

Powerwall Discharge

1.2 kWh

M ‘__,"_]'__.
[ ] %

4.8 kW
12AM 6AM 12PM 6PM '
Powerwall Charge Level

4

P

=

12AM 6AM 12PM 6PM

141kWh, 1.2 kWh 87%

From Solar Energy Self-Powered
* Possibly some rounding errors from sampling rates Discharged

** evidence from other data indicates that degradation tapers off after ~5 % degradation.




K\)
1\) Global high level:

1. The energy transition is a technology
revolution.

2. The renewables revolution is
exponential, not linear.

3. The renewables revolution is led by
China.

4. This is the decade of change.

5. By 2030 the debate will be very
different.

Exponential Energy Change Is All around Us

Annual solar & wind generation

Annual EVsales Annusl battery atorage sales
@

“2 | Nilian
Wind

Ex

G
n
. —-unll
2on
54%

2 @1 nn - - o
CAGR 15% 29%

AR Encogy Tuvsveoed

Cheap Renewables Create an Entirely New Paradigm
Thetaster cha nge 'f'f"_‘f‘f“"' thr chesper renrasbles tecame
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Ifwe continuz on existing learing and growth rates, then by 2034 the world will enjoy $15 per MWWh
solar, 525 per MWh wind, $50 per kVdn Li-ion batteres, and §1/kg green hydrozer.,
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https://rmi.org/the-energy-transition-in-five-charts-and-not-too-many-numbers
https://rmi.org/the-energy-transition-in-five-charts-and-not-too-many-numbers

- Upgrade old windows/

- Reduce air leakage
< - Low power appliances (induction stove/heat pump dryer etc)
/3 - Electrify everything




=

Next Passive HousAI berta coffee ta ar rqford) Tuesday, June 27 from
12:00pm - 1:00pm MST. “Electrification without a service upgrade”

https:/ /www.facebook.com /PassiveHouse AB

https:/ /b2electrification.org /home-electrification-service-upgrade-not-required




h can include
d distributed
rgy service providers to

be https: / /pv-magazine-

~

usa.com/2023/C ld=save-utilities-up-to-35-billion-by-2033

L o8 -

* TOU “ATCO is launching a program to test Time of Use (TOU) rates in select communities in

Alberta.” https:/ /electric.atco.com/en-ca/energy-future /modernizing-electrical-
s s’rem me’rer-’rechnolo time-use.html



https://pv-magazine-usa.com/2023/05/03/virtual-power-plants-could-save-utilities-up-to-35-billion-by-2033/
https://pv-magazine-usa.com/2023/05/03/virtual-power-plants-could-save-utilities-up-to-35-billion-by-2033/
https://electric.atco.com/en-ca/energy-future/modernizing-electrical-system/meter-technology/time-use.html
https://electric.atco.com/en-ca/energy-future/modernizing-electrical-system/meter-technology/time-use.html

®* Quote from Gordon Howell (a solar PV early adopter who installed the first

grid-connected solar system in Western Canada on his home in Edmonton in

1995):

es,
enerate
d electricity

neir community,
famlly, kids, and f on’t want this then that is fine,

there are manym other thlngs on WhICh to instead spend money on
[ and that have these benefits.”



https://greenalbertaenergy.blogspot.com/2018/08/blog-post-77.html

	Slide 1: Solar and Storage
	Slide 2: Contents
	Slide 3: Who am I ?
	Slide 4: Original Motivations for Solar and storage
	Slide 5: Original Goals
	Slide 6:     Solar
	Slide 7
	Slide 8
	Slide 9: Tesla Powerwall 2 General Info:
	Slide 10: My (custom) Powerwall 2 Installation
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Powerwall Round trip efficiency:
	Slide 20: Dollars and Cents
	Slide 21
	Slide 22:            ROI estimates up to May 1 2023       (or “getting into the weeds/going down the rabbit hole” ? ):
	Slide 23
	Slide 24: Estimating Distribution and Transmission Costs
	Slide 25
	Slide 26: Cost savings from Solar Production*:
	Slide 27: Additional value of solar club
	Slide 28: Guestimated Return On Investment after ~ 5 ¾ years*
	Slide 29: Actual electric cost since system install
	Slide 30: Financial benefit estimate of Powerwall only:
	Slide 31: Net Powerwall value
	Slide 32
	Slide 33: Benefits from Powerwall not included in Previous calculations:
	Slide 34: Challenges/surprises/unknowns
	Slide 35
	Slide 36: Snow
	Slide 37
	Slide 38
	Slide 39: Sustainability and potential future of Powerwall 2
	Slide 40: Determining Capacity degradation of Tesla Powerwall: Two methods
	Slide 41: 1) Inferred degradation calculation
	Slide 42: 2) Degradation estimate of my Powerwall using Tesla app data
	Slide 43: Looking ahead
	Slide 44: Personal actions leveraging renewable energy
	Slide 45: Electrify everything – is it attainable?
	Slide 46: What’s next
	Slide 47

