Achieving
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Hawall with Solar Energy + Multi-
Storage

15t Published in Renewable Energy World Aug. 2, 2017

Then Presented at Solar Power International Sept. 11, 2017 Mandalay Bay Las
Vegas, NV

Now Oct 20, 2017 AVS Sponsored West Coast Junction Users Group Meeting
Then Nov 15" at the Photovoltaic Science &Engineering Conference,
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For Months .
Residential Standalone Solar Energy + Multi-Storage For Off-

Grid Operation This Will Save Lives. Tesla’s Grid-Scale Solar
+ Battery Farm Requires Homes To Be Grid-Tied And Battery
Completely Drained By 9PM After 4 I/—_’Ipy/r/;!

&7 —  — /,,,;—;;;:; *With single_battery
aTe F=—————< storage | achieved 12+
days a month Off-Grid
since April 2017.

*With dual battery

— storage | achieved 24+
days a month Off-Grid

since Sept 2017.
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Tabuchi Electric America
Donates Solar-Plus-
Storage Solutions to Help
Puerto Rico and the
Caribbean Islands
Accelerate Power
Restoration
B October 16, 2017 01:28 PM
== LCastern Daylight Time
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solar @ analytics on
Must Conserve

s Sty seurweem B attery Discharge To
Systems r
Stefan Jamason Solar Power International-2017 Last OV erni g h | J Not
S s Tesla PowerWall-2 in Residential Ful |y Disch arg ed
il )\ stralia ROI=21.9 years!
BATTERY SIZE GAID USAGE REDUCED BY: COST OF BATTERY SAVINGS PER YEAR After 4 H O u rS !
7 kWh 36.06 % $9600* §437.82+*

Refrigerator/Freezer

o ot B bty Battery Fully Discharged/Drained by 7PM!
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Qutline
* Introductions: Residential Grid-Buy Electricity Cost Reduction!

NEM Excess Rooftop Solar-PV Generation export/back-feed to the Grid
leads to Duck Curve Problem for Utilities

— CA shifting TOU rates to coincide with evening peak energy usage (4PM
to 9PM) and require smart inverter so they can control/curtail rooftop
solar-PV generation

— Oahu (Hawaiian Electric: HECO) end NEM export and voluntary TOU

* In the No-NEM customer self-supply world, the economics of solar-PV is
quite different than with NEM. For NEM the amount of $ savings and ROl is
determined by excess daytime solar-PV generation and selling/export back
to the utility grid to off-set the night time grid-buy energy to achieve Zero Net
Metering. This resulted in oversizing of residential rooftop PV systems
leading to the severe utility Duck Curve problem

« Post-NEM world, maximum $ savings and ROI is realized by achieving zero
grid-buy which results in 100% Renewable Energy and therefore Off-Grid
operation!

 Methods:

» Results:
6
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Xcess Back-

Tracking Change — 46kV Level

Average Transformer Load (MW) - December Oahu permits/yeal

o 2012 ~16.7K
-/ : ‘ _ 2013 ~13.1K
Backfeed occurring ‘\ 2014 ~6.1K
- 25 ’ 10am-2pm 1 2015~6.5K
. ~7 2016 ~5.2K
, o ] 2017 ~1.5K(Aug)
Total ~49.2K
Shlf-tung TOU Perlods =
—3
Paugut Solor Generotion with Curre o-od s Porlade g w
Offpsot semEpRK Pk Seml-peak  OHwpeok ° 2010=+16MW
San Diego Gas = 2 2011=+39MW
2012 2013=+130MW
/ c t TOU | COﬂditiOﬂ
urrent’ solar —2013 2014=+88MW
production: 0 ~ 2015=+98MW
S o v [46% peak] 8288888888~ EENESRE8 88 2016=+09MW
A e Tome e Pl - 54% semi-peak CwANMITNON~N®BOSoN@ TN A=SSAKRKIA[NR
\Time /
/ Propose_d TOU solar v Hawallan Electric ~ -~
‘ production: 999 Moul Eloctric
/ 23% peak A Hawal'l Electric Light

77% off-peak
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CA requiring Smart Inverters so the
Utility companies can turn-off residential
solar PV generation Sept 2017!

I—— .

High penetration of residential rooftop solar-PV

Effective Dec 1, 2017 with NEMs results in severe Duck Curve causing

utility facility stress due to late afternoon rapid
ramp-up of generators. HECO shows Hawaii
noon-time net load demand can drop to below
Zero!
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26.0¢

17.3¢
Off-Peak Mid-Day

1271 2% 475 6 7 8 S§-W.it12 120 g 4 587 8 9101
MIDNIGHT NOON EVENING

*lilustration reflects effectiva February 2017 interim Time-of-Use rates,

which include applicable surcharges. Neighbor Island rales may vary.

To understand how charging an electric vehicle at home may affect a
customer's lotal energy costs, visit www.hawalianelectric.com/wattplanforEV.

J.O0.B. Technologies (Strategic
“"“Marketing, Sales &

ology)



The “Duck Curve”: o

* Minimum net loads
move to the
afternoon

* Three-hour net load

Duck Curve
and Solar-PV

ramps increase ¥
i 3
Curtaillment
N T reported at

Cewe o Solar Power
International

s -
Production and Curtailment
CAISO Monthly Solar & Wind Production and Curtailment May '14 - Jul '17 S e p t 11 y 2 O 1 7
California hourly electric load vs.

load less solar and wind (Duck Curve)
for October 22, 2016
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olar-PV Up To 11.3%
Energy Generation

e
CAISO Resource Mix Through July 31*

Resource Mix Through Day 212 ,
* July 30in 2012 and 2016
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* My suggestion is End Solar-PV Farms, only add Battery Storage Farms like
Kaual-1UC to prevent further Daytime Solar-PV Duck Curve Degradation!

— KauaiIUC reported solar-PV farm energy purchase costs at 11.9¢/kWh over

~20yrs and Tesla 52MW Battery Storage farm with 13MWh solar-PV (50K-panels)
for charging for 4 hour peak evening discharge at 13MW/hour energy purchase
costs at 13.9¢/kWh for 20yrs. KIUC Diesel power =15.5¢/kWh. HECO oil =11-
12.5¢/kWh (note that utility scale solar-PV farms LCOE=4¢/k\Wh)

« How to make residential solar-PV economical for Post-NEMs (No-NEM)?

— Add Battery electrical storage? Yes but->ROI=12-16 years well beyond the 10
year battery warranty!

 NREL Feb 2017 reports battery storage doubles energy cost with battery COS (cost of
system) = $2/W!

« Home Power Jul/Aug 2017 magazine reports Li-ion battery lifetime costs of energy (L-
COE) is 31¢/kWh. My case battery Lifetime-COE= 24.3¢/kWh (1 cycle/day) or
20.3¢/kWh (1.2 cycles/day) with ROI=16 years. With full Hawaii & Federal tax credit L-
COE= 9.2¢/kWh and ROI=5 years.
— Answer is Solar Energy (PV+Thermal) with Multiple-Storage (Electrical Battery
Storage + Hot Thermal Storage + Cold Thermal Storage) and HEMS (Home
Energy Management System) with fast efficient inverter control system and
optimized TOU (time-of-use) for key household appliances.
« Rooftop Solar-PV L-COE= 3.2¢/kWh over 20 years
* Rooftop Solar Hot Thermal Storage L-COE= 4.1¢/kWh over 10 years
k - Electrical Battery Storage L-COE= 9.2¢/kWh over 10 years &
— ~ < _Cold Thermal Storage L-COE= 3.2¢/kWh over 20 years



Figure 51; Theometical load curve reduction with Storage

| Tried It for Hawaii
Post-NEM: Sounds

Good But Wrong,

Results in ROl of

16 Years! 400 AW 40w 00 s

e mmwer Nl baay ey

ENERGY TIME SHIFTING
Utilize Generated PV Energy
When lts Value is Highest P

Level of Solar
Energy Created

BATTERY
STORAGE
Hours Avallable for DIscharge

ENERGY SELLING*

Erergy Storage allows bulk energy shifting of solar

generation to take advantage of higher PPA rates in MIGHT TIME
peak periods, or to allow utilities to address daily peak

demand that falls outside periods of solar generation.



NREL Feb 2 orage Repc

Py Onl PV + Storage: Small Battery Case PV + Slorags: Larpe Battery Case
w0000 < i i " .. Battery=51L. 481\ el Pt
1 COS=+$30K s
45 000 waz m Sales & Marketing (Customer acquisition]
~ | & 991
ERL B OQverhwead (General & Admin.)
$40.000
O Permitting, Inspection, Interconmeciion
§35.000 Battery=$2/W o Installation Labor (Burdened)
COS=+%$12K
§30.000 $27.708 20,5 5,547 |Sales Tax
e 3404
155 2 Supply Chan Costs
—— 3261 | -l pply
m Electrical BOS
0d $2.78/W $ e
0 . - B Structural BOS
$15,581 2773 3188
$15.000 i B Battery Based nverter (Bi-Directional)
21 - .
$10.000 1 PV Irverier [Grid-Tiod)
0,000 10,000 O Lithium<ion Battery
5,000 3,000 3,00
. ———— OPV Modules
3584 (=640/W) R84 3,584 31584 3,584
30 e S — ——
PV Qinly Py (5.6 4V + Storege PY 3.6 kW) + Slorage P (56 KV = Slorage P (5.6 KW + Storage
55 WA CC cougled C coupled DC coupled AL coupled
Batlery = 3 kW, 6 kih Batery=3KW.6kWh | Ballery=5 KW 20 KN Battery = 5 &4V, 20 Kih
Inverer =8 oW Irvarier = 6 KW Inverar = & &Y Imvarier = § KW

Figure ES-2. Modeled total installed cost and price components for residential PV-plus-storage

svstems. small-batterv case vs. larae-batterv case (2016 U.S. dollars)
Current utility rate structures and battery costs generally do not support battery

|.. deployment based on customer bill savings alone. REopt only deploys batteries in two

J0.B. Techno ©I the f1ive case studies. However, batteries may be more economical when other value 13

arketing, Sal streams are considered (e.g., grid services and grid-outage resiliency) or if declining price

- Ieehology) (rends continue.
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Poor economics ROI=12-16 years! Household appliances create energy spikes and not peaks a
completely discharging battery after just a few hours each night. Also night time energy usage
usually >2-3x day time usage requiring large battery storage capacity so expensive!

_
WHY STORAGE: MISMATCH OF LOAD AND PV SUPPLY

Post-NEM= Home Storage Battery n T T DA

Post-NEM world maximum ¢~ v :Z ¥ Solar+Battery ¢| {12717
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Best Economic Solution: Find alternative Renewable Energy Storage (Hot & Cold b
Thermal Storage) to eliminate the AM & PM energy peaks/spike and use battery
storage discharge to achieve Zero Grid-Buy 2100% Renewables (Off-Grid)!

WHY STORAGE: MISMATCH OF LOAD AND PV SUPPLY

Post-NEM= Home Storage Battery ERCCIC v T T
POSt N EM World Max Solar Energy Mode Rainy Day Mode
: : : m - ¢
maximum $ savings is |  wowie
realized by achieving zero , : Hot Thermal Storage §* & 1§ i
grid-buy! Hot Thermal Storage (HWH SBtitrtZ (HWH) : $3o| o 3 2 54 o 9
) Hot Water Heater \ il"zﬁézilvzéng oo o]
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Outline
oduction: Residential Grid-Buy Electricity Cost
Reduction!

 Methods: Poncho’s Solar installed solar-PV + solar
Hot thermal storage integrated with Tabuchi Electric
nverter + Battery Electrlcal Storage

e Results:
 Conclusion

L
L] A
~ 2 A
- - Summer

Nov 3" added 2™ Solar Hot Water panel->157F
Jan 18™ added 40 gallon water storage tank—=>120 gallon total
Jan 25" BOD-HOT thermal storage->reduce Grid-Buy by 3.0kWh/day
Feb 16t new Tabuchi software->reduce Grid-Buy by 5kWh/day

Aug 14t 2nd hattery and new Tabuchi inverter control system and
software—=>100% Renewable - Off-Grid operation 6 days a week



) Why Residential Rooftop Solar PV?
‘?“I . Hawaii High Cost of Electricity 24-37¢/kWh

. HAWM \ RESIDENTIAL ELECTRICITY RATES

. My Actual
A N Rates
E HEW YORK
EI B CONMMECTICUT
E - VERMONT
i3 -
E Ll
A
g —— —
"
i ; -
ML |94 1] 2005 20l w5 16 17 18 19 20
SEPTEMBER SOLAR PERMITS ¢
Igermitsforrooftopsolarsystems issued by the City and Feb-2014: 357¢/kWH ($535/m0nth)
ounty of Honolulu were down 33.5 percent in September
compared with the same month the prior year. ‘ Apr-2016: 244¢/kWH ($366/m0nth)
o ere T Dec-2016=26.6¢/kWH (Solar->$124/month)
_ Feb-2017=29.8¢/kWH ($80/month)
g _ « March 2017=33.4¢/KWH ($48/month)

July 2017=TOU rates 12.8/21.6/35.1¢/kWH ($20.59/month)
Sep 2017=$17.00 TOU service fee!

B ™

—_, 2012 2013 2014 2015 2016 2017

i ‘_——_g Source: ProVision Solar STAR-ADVERTISER
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kWh/month Hawaii Electric Monthly Residential Utility Bill 2012-2018
Fhogntn

—e—HECO $/month —e=HECO kWh/month

- kWh/month

1000

| 35.7¢/KWh

100 -

- 21kWh/month

Sl i IS )

N N NN NN OO N onoNn S S T ST S SN N MmN N OO O OO ONNNNDNDNRN®
YT g R g P g A g gAgd g g g g g g
cC = > 5 QO > Cc s > = OO 2 Cc s >T= QO 2 Cc s > QO 2 Cc s >35S 90 > Cc s> o > c
c & ® 2 9o 0O ¢« & ® 2 0o O 8 & ® 2 ¢ O 08 & ®m 2 ¢ O @ & ©® 2 9o O ® 8 ® 2 0 O ®©
- =S woz =S woz =S w oz " =S w oz " =S w oz " =S wn zZz o

J.O0.B. Technologies (Strategic 20
keting, Sales &



bt —

$/Year HECO $/year

6000
5500 ©
5000 |
4500 ©
4000 ©
3500 ©
3000 ©
2500 |
2000 |
1500 |
1000 |

500 F

4 Year Average=%$4,754.50/year=31.6¢/kWh=1250kWh/month

Estimate To Saw
| | 7 Months Solar $4.254.50
Saved $2,266.50 ’

Jan-Sep=$429
Estimate <$500

2015 2016 2017
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$4,212 (~95%)
ROI=7yrs>
TaxCr=2.7yrs

$2,256 (~50%0)
ROI=16yrs

$2,880 (~70%)
ROI1=9.8yrs

Month Solar Radiation [A'.".: Energi ~35% PV Energy Value
Loss/Dumpin
( KWh / m? | day ) ( kWh) PING ($)
Actual PV Results
January 4.52 =23.9kWH/Day 584 —>383kWH (65.5%) 193
=12.4kWH/Day
February 5,20 =27.7kWh/day 609 >374kWh (61.4%) 201
=13.34kWh/day
March 5,74 =30.3kWh/day 738 >489kWh (66.2%) 244
=15.8kWh/day
April 5,89 =31.2kWh/day 735 >512kWh (69.7%) 242
=17.1kWh/day
May 6.32 =33.3kWh/day 811 >499kWh (61.5%) 268
=16.1kWh/day
June 6.36 =33.4kWH/Day 786 >560kWH (71.2%) 260
=18.6kWH/Day =382
July 6.41 =33.6kWH)/Day 818 D461KWH (56.4%) 270
=14.8kWH/Day —>492
August 6.46 =33.7kWH/Day 820 >599kWH (73.0%) 271
=19.3kWH/Day =619
September 6.32 =33.0kWH/Day 777 >452kWH (58.2%) 256
=15.1kWH/Day =499
October 5.41 =28.6kWH/Day 697 >360kWH (51.6%) 230
=11.6kWH/Day
November 4,71 =25.0kWH/Day 589 >368kWH (62.5%) 194
=12.3kWH/Day
December 4.40 =23 3KWH/Day 568 >309kWH (54.4%) 187
=10.0kWH/Day
Annual 2.65 8,532 $ 2,816



Best Research-Cell Efficiencies

NATIONAL RENEWABLE ENERGY LABORATORY
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LM = lattice matched © CIGS (concentrator) Bosing- (IMM, 302x) 430%%[37
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New Message at IEEE-PVSC Solar Conference June 6-10, 2016 was “LCOE Reduction of PV
Electricity: Does PV Cell Technology (efficiency) still matter or Climate Optimized Energy

Yield” As a Solar PV End-User my views has now also changed due to the ~35% PV energy
DUMPNG! Lowest cost ($/W install) is more important than highest cell/module efficiency!




Module Price learning Curve

1

average module sales pricz [USD 2016/Wp]
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Shipments /avg. price at years end:

2016: 75 GWp / 0.37 US$/Wp
08/2017: 0.35 US$/Wp

o/a shipment: = 308 GWp
o/a installation: = 300 GWp

2017expectation: = 380 GWp
300 GWp landmark was passed!
LR 22.5 % (1976 .... E 2016)

dramatic price drop due to market situation
- Comparable to 2011/2012, but faster

24



Different phosphorous emitter technologies for p-type cells
W orld market share [%)]
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Cell production tool throughput Different technologies for boron doping (n-type cells)
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Average stabilized efficiency values for Si solar cells (156x156mm?)
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M BSF cells p-type mec-Si

O PERCI/PERT cells p-type mc-Si

© PERC, PERT or PERL cells n-type mono-Si
A back contact cells n-type mono-Si

# BSF cells p-type mono-Si
+ PERC/PERT cells p-type mono-Si
@ Silicon heterojunction (SHJ) cells n-type mono-Si

Bifacial cell technology

World market share [%]

2017 2019
B monofacial ¢-Si
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40%

30%

20%

ITRPV|2017

10%

2021 \ 2024

M bifacial c-Si

0%

2016 2027

ITRPV-2017

Module Power for 60-cell (156x156mm?) module
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EBSF p-type mc-Si

OPERC/PERT p-type mc-Si

¢ PERC, PERT or PERL n-type mono-Si
A back contact cells n-type mono-Si

# BSF p-type mono-Si
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@ Silicon heterojunction [SHJ) n—type mono-Si

Tracking systems for c-Si PV

W orld market share [%]
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Annual Performance Comparison Between Tracking and Fixed
R Photovoltaic Arrays
’ Hadis Moradi, Amir Abtahi and Roger Messenger

Florida Atlantic University, Boca Raton, FL I E E E- PVSC J une 20 1 6
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In production

it
2}
3
44
3
6)
1]
8)
9)
10
1)
12)
13)
14)
15)
18)
17]
18)
19)

PVGS:PERT (CaafhON)
Panasonic: HJ
NSP:PERT and now bIFFERC
Yingli: PERT (Pandz)

Misston Solar PERT -STOPPED

MegaCell: PERT (BiSoM) - STOFPED
Solarworld PERC+ (Bisun)-STOFPED

LG:PERT (N2CWN)
Sunprems: HJ
HT-SAAE: PERT
Jolywoed: PERT
QXPY:PERT
ShanxiLu an: bifacial ncPERCT
Sunrige:bifacial PERC
Aleo:bifaclal PERC
LONGI:bifaclal PERC
Adani: PERT (BiSoN)
TRINA: bifacial PERC
andmany others

a) Motech: PERT

b) TRINA:PERT

c) TeslaPanagonic: HJ

d) REC:PERT

e) SolAroud: pPERT

1) Firat SolsrTetra Sun "H)*- STOPPED
Q) and many otheis

180 _— ~ 1o
B Aiychal
160 Power e Bhotve tacial T
140 + 19
=04 17 .
| s &0 %
B o4
+ »
| s = .
E wd w3
| | &= |n-|n galm 16% X
o+ + 20
o Gain o
0 + + + + - + + + + —- 0
530 %00 T9 BOD 430 1043 11051200 1305 1400 1500 1600 17:03 1800
Tane.oldyy
Figure 8. Daytime energy generation by regular and bifacial
in-field installed modules =
| (a} (b) (@
Slanted Horizontal Vertical
Direct Direct Direct
Direct S
sunlight P o s, - I sunlight
”
Reflected 1
/ sunlight e e i !
/ Reftected Reflected Reflected
‘ sunlight sunlight sunlight
| o ]

Market share 2017 [96]
Efdency 2017 [%]
Befaciality (%]

Market share 2022 (%)
Efciency 2022 [%]

Figure 2. Possible installation geometries for bifacial modules: (a) sl

anted, (b} horizontal, (c) vertical,

Bifacial

~20%

Modules
Higher Gain!

Standard Al-BSF pPERC nPERT/HJT niBC
n-standard-bifacial ! n-rear contact-bifacial l
80 13 5 2
20+ 27+ 21+ 22+
0 70+ 90+ E
40 30 20 10
21+ 22+ ¢ 234 24+ 28

zble 1. Technology share, efficiency and bifaciality numbers of screen-printed low-cost industrial cell concepts




= T e -
: ':'.::- ! | | e = | .l". e e . — = y
H g Esabidic | f ‘__- [ 7.7‘.‘. — = M”\ e
= 2 — Re I Mo r i Il - i ! 5 N / \
‘ | _ : ;'I JAN Y
o M e e e AR ~2Nr F3hT
. b [l : , A P "‘.~’- - ‘.'v‘_:“ 'A' .cu § l /
£ i | SRR e R R - / / \
. B ‘L" Output from one string of the pilot system over the day : / W/

o\‘@ = wj

T BIiEW ——MmBs40 el

Figure 6. Site 2. Clear day, 5 June 2016.

e
o NG S5 v o s e v Nl o :"fizz
PhotoprInterndtional May 2017 Next2Sun Bifacial @E
Two-Hill Island Solar PV Farm in Germany with 90 "o O s
degree Vertical East/West Facing Panels to Increase  Figure 8. Site 2. Cloudy dayTg;m i
AM PV-Gen and Extend PM PV-Gen 1 aPtnoRte

Said This Type of Grid-Optimized Solar PV- e
Generation Should Be Rewarded by Paying More $
For 6-9AM and 5-8PM PV-Gen export feed-back to
the Grid with Low 11AM-3PM PV-Gen so No Duck

For Sweden being so far North, vertical
standing Bifacial facing East/\West
yields ~12% higher PV-gen than mono
facing South! 75

Curvel
»ee and should make this Future Policy Especially
=\With Battery. As | Have Been Saying Since June 2016! EU-PVSEC Sept 2018
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Battery Discharge / ‘
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| For Hot Water!

State of Charge (%)

AW

b -
-
snlanil
] 2 3 A s [ ? z

Time of Day (Dally Cycle)

1.8 100%
10.2kWh/day o
80%
1.4
70%
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- 30%
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. 20%
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Time of Day (Daily Cycle)
< SUN OCT 23, 2016 ! b4
s\ KWh
Energy Used: 21.05kwh
Dryer 1&2 Hot Water .,
Sunday October 23 2016 3:50PM
Demand: 0.49 kW < A
J.0.B. Technologies (Strategic A v 30
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Strategy 4: Strategy 4: .
Grid-Interactive Water Heating Control Electric Water Heating

Install grid control of electric water heating;

* Acts as a low-cost “battery” Supercharge to 140F — 170F during low-cost hours.

» Stores a full day’s supply

i e i 1ces to th| 45 million electric 16.14 kWh
1 I water heatersin the
" ; u.s.
Accelera® Heat 5 E 8.86 KW-h
e Each can provide .

Pump Water Heater °

plus solar electric e D o

wind or solar. e 25 00 kWh

SOLkit Solar Thermal

| et . l
SOLkit 2 Siddad
2 collectors, 80-gal. tank, plus additionalitomponents

SOLKW 2 ar 3 eallactnesi Census Housing Survey Table 2.5 (2010)
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- 30000, 00
P :'h..-""
- ! : : WW__ 2014 2015 { ons
- 0.00
— average Global Miring Cost CAGR -14% —fverage Global Price CAGR -17%
~—Price Cost Delta —Shipments CAGR 43% Bust was 2012

Figure 1: Solar Module Average Costs, Prices and Price/Cost Delta, 2006-2016

February 8, 2017
By Paula Mints
Founder/Chief Market Research Analyst

J.O.B. Technologies (Strategic

today PV companies
have no profits!
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Solar PV Module Value Chain

Poly-Si . Ingot . :I afelr or Cell Module
Feedstock Production p luctior Productior Assembly

c-5i

30C/W .
($50/kg) 30¢/W 30¢/W 30C/W 30¢/W $1.50 to
\ ) $5.00 /W

$0.33/W (2017) $3.06-$5.60/W (2016)

Profits are with the PV installation companies

’ , - as install costs have increased since 2011
J.O.B. Technologies (Strategic 33
“Marketing, Sales &
: gy)

s ——R .




_ Residential and Utility-Scale System Prices
j by Region

Residential Utility-scale

§7 e §7

w)

China = — SA e Chiina
6 ] B
s° e A AN India & 3
T S R,

g 52

(5

Japan  =——India

ric

s FUrope e Global

System

ra

2011 2012 2013 2014 2015 201 2017 2011 2012 2013 2014 2015 2016P

* The price of residential systems in the Unj/t
the world, including developed regions.

— Areport from Lawrence Berkeley NAtional Laboratory cited non-hardware costs as the
primary difference in distribute system pricing, owing to differences in market size,
incentive levels and incentive dg¢4lgn, solar industry business models, demographics and
customer awareness, building Afchitecture, systems sizing and design, interconnection
standards, labor wages, and mitting and interconnection processes.

*  While U.S. utility-scale projects ar¢g/nigher than global averages, the gap is much smaller than

in the residential sector. M SunShot -

energy.gov/sunshot

States remains much higher than in much of

Sources: IHS Technology, “PV Demand Market Tracker

2016." September 2, 2016; Barbose and
Darghouth, “Tracking the Sun IX,” 2016

J.O.B. Technologies (Strategic

R At EU-PVSEC conference Sept 25-29, 2017 rooftop PV total cost
—ESawelogy). for system installed in Europe was ~$1.00/W and US was ~$2.80/\W



Solar PV + B

Average Reported System Frice (5/0)

- %&

14

Hawaii + Battery Storage

f";;: ost of System (COS) =(+50.71=>+52.80/W)

F 55
- 34 Hawaii Solar-P
il Cost of System (COS) = ($3.20—>54.60/W)
o
th :
___________ *Bars reflective of the state with the median, 20% and 80% percentile weighted average _rgP_a-_r‘I_:gg_O -61)(—('39(/09l
m price. Select states incude Arizona, California, Massachusetts, Maryland, and New York. 022 88 y
A X (-88%0)
________________________________________ - [
24% 2 e 8.25%
T T T T T T T T T T e O
H1'10 H2'10 H1'l1 H2"11 H1'12 H2'11 H1 13| |H2 13 H1'14 H2'14 H1'15 H2'15 H1'1e

e W odiam System Price = == 30 Per| |ntile

= = 30 Percentile

s S

2012 2013
SOLAR PANEL PRICES

2014

2015 2016
SOLAR MANUFACTURING JOBS

37000
35000

- 33000

31000
29000
27000
25000

COS (cost of system)
L-COE (Lifetime-cost of energy)
Solar-PV (7kWh)

C0S=%$22,400=$3.20/W->Tax Cr=$1.28/W
L-COE=8¢/kWh/20yrs-> TaxCr=3.2¢/kWh
Battery (10kWh
C0S=%$7,100=71¢/W->TaxCr=28.4¢/W
L-COE=23¢/kWh/10yrs—>TaxCr=9.2¢/kWh
Solar Thermal (16kWh)

C0OS=%$6,000=37.5¢/W->TaxCr=15¢/W
L-COE=10.3¢/kWh/10yrs—> TaxCr=4.1¢/W

35
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Reported, Bottom-Up, and Analyst-Projected -
¥ Average U.S. PV System Prices over Time

8 Reported System Price, Residential
= Reported System Price, Commercial (=500 kW)

m— Reported System Price, Utility
@ Modeled System Price, Residential
B Modeled System Price, Commercial
& Modeled System Price, Utility
=== = Analyst Expectations, Residential
= =Analyst Expectations, Commercial
= = Analyst Expectations, Utility

2015%/WDC

§3 f————-————————— T

%0 | | Global '""I"‘“dme Pric:? Index | | | Analyst Expectations of Module Price

2010 2011 2012 2013 2014 2015 2016P 2017F 2018P 2019p 2020P
Installation Year

= All methodologies show a downward trend in PV system pricing.

*  Reported pricing and modeled benchmarks historically had similar results; however, they have recently
diverged in estimated pricing.

*  Analysts expect system prices to continue to fall with low-end projections approaching SunShot targets
by 2020.

Mote: Reported prices represent the median national U.5. averages. Note. Error bars represent the high and low
analyst expectations.

Sources: Reported residential and commercial system prices (Barbose and Dargouth 2016); reported utility system M S un S hl:]‘t -
prices (Bolinger and Seel 2016); modeled system prices (Fu et al. 2016); analyst expectations (Cole et al. 2016); The SALAIE % Departmest of Ereray

Global Module Price Index is the average module selling price for the first buyer (P. Mints 5PV Market Research); energy.gov/sunshot

analyst expectation of module price) see Slide 44.

Utility Scale Solar PV System Costs is ~50% Lower Than Residential Costs L-COE for Solar-PV Farm L-
COE is 4¢/kWh/20 years and sell to Utility at 11.9¢/kWh compared to residential Hawaii at 9¢/k\Wh! This
% is why Utility does not want residential rooftop solar-PV only solar Farms!



. = soratio Yal v T AR -;'35;?',.ﬂ1'
Ou tI I n e 50 e e e e s e e ) e e e e ---mTE-EE-:QIQEI;E-CJmC

A 45 Consumption:
v 04/28/17  473cwn/dav

G 40 03/28/17 146
35 Add Solar PV + Battery 0227117 272
\‘I(V 0127/17 432
H 30 12/29/16 Tt 469
25 11/29/16 Post-Solar 456
Qptimized Energy Usage 09/28/16 5-** (L)' aay ; 451
- E 15 i 07/28/16 'E&f!ﬁﬂ%ﬁ% 233
-2 IntrOd UCtIOn A 10 06/28/16 1oKWhiday  -5g
s 5 | Q5/27/16 Eully:Optimized 267
04/28/16 Consumption: 1510

« Methods: 0
 Results:

2.6kWh/day

— Integration & Optimization July 2016 to Jan 2017 for 70% reduction
ROI=9 years

— Hardware & Software improvements Feb 2017 to Apr 2017 for 95%
reduction ROI=7 years or 3 years with Full Hawaii & Federal Tax Credit
(~60%)

e« Conclusion

——



or System Costs =$29,

ROI Analysis with 10 Year Battery Life

$100,000

sgo,ooo§ —-529.5K-50%  —=529.5K-70%  ——529.5K-94.5%
$80,000

$70,000 [
C Replace battery year 21
$60,000 C +$7,100 | ()
’ C |
C Replace battery year 11 A
C +$61,600
$50,000 | +$7,100

$40,000 F

$30,000 [

20,000 F
” - +$12,620

K (D |
$10,000 | : D
- +$12,700

50 C F
: G
($10,000)

($20,000)

T
L%
>
©
=
o

($30,000)

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20"21 22 23 24 25
Full Price =$29.5K
- _A



stem Cosls =

ROI Analysis with 10 Year Battery Life

$100,000 Ko
I —e—529.5K-50% —e—529.5K-70% ——529.5K-94.5%
$90,000 [ _ . - _w” +$99,800
I -~ 513.5K-50% -~ 513.5K-70% -e-513.5K-94.5% I o’
$80,000 f . TR
: ". IR lace batt 21
$70,000 F » 1 Replace battery year
. Replace battery year 11 #” ’ : +$7,100 -
3 »
$60,000 | | +$7,100 /,/ : - o
C I o .
$50,000 [ I e _ 1~ +$61,600
’ : I ., o
; +$37,530 | ot _e” |
$40,000 f P ~ ' -
C Q"( ,"’ A:- .o"
- ‘ P -
$30,000 ; /I ’,r "'. I\'.”
C /’ “-l ’,a I
»20,000 ¢ o ," +$1zpzo POt |
L .’ ’.’ ’ "l‘.‘ | 6
$10,000 F o ’,f" ) !
- RSP AL, I +$12,700
SO I— f-w-‘---’- Connnnnnfiffnnsnnnnnnnn Jiaennnnnasd@eansnnnnnnnnngstannnnnnnnnnnn J--- ----------- TSI
: '{C riiad ) :
($10,000) [ M=% = |
Full Tax Credits =$13.5K—>* / -$6,9401 :
— P ($20,000) | — : I
Full Price :$29'5K\§ I I
($30,000) 1 1

Cost: $29.500 + tax * O 1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Fed Tax credit: $9,267
State Tax credit: $8,111

I8 e TREP



I\/Iethods To Achieve Results

Pareto analysis and identify root cause of top six key appliance energy
usage. "Required 3 different energy usage monitors (Tabuchi wall remote,

-~ Bidgely and Laplace website) with <5 minutes to 3 second data collection
resolution for accurate verification of energy usage.

* Find renewable energy alternative to eliminate Grid-Buy (Battery discharge
<6.6kWh/day at 9.2¢/kWh, super-charged solar Hot water thermal storage to
>165F=16kWh/day at 4.1¢/kWh and chilled room/house Cold thermal
storage 4-11kWh/day at 3.2¢/kWh)

« Improve Tabuchi inverter efficiency/communication for Battery Charging and

Discharging: 2"/multi AM battery charge & discharge
— Electrical Storage battery discharge 6kWh/day single battery or 12k\Wh/day dual
battery.

« Hot Thermal Storage: Super charge to >165F and modify hot water tank for
3 different renewable energy sources: 15t primary source is solar thermal, 2"
alternative source is solar-PV, 3" alternative source is battery optimized
discharge (BOD) and 4" source is Grid-Buy electricity

« Cold Thermal Storage: Run solar PV-A/C during the day from 8:30AM to

5:30PM to lower room temperature from 79F to <69F avoiding afternoon
eak of 89F and to maintain the cold room temperature for several hours
.. aftersunset.

B iR




Residential Electricity Demand ﬁy End-Use

Other Walter Healing
12% 3%
\

S

- Computers
3%.__
Cooking
4%
Wet Cleaning- Space
o, Conditioning
31%

lectronics
11%

Refrigeration
9%

No Dryer?

Lighting
14%

Source: Department of Energy (2012). Buildings Energy Data Book.
Table 2.1.5.

Case Study (Ave ~1250kWh/month)->solar energy + Multi-Storage=100% Renewable Energy and Off-Grid operation

HECO Report (Ave ~500kWh/month)
#1: Electric Hot Water Heater (40%)
#2: Refrigerator/Freezer (15%)

#3: Air Conditioner-A/C(12%)

#4. Clothes Dryer (8%)

#4: Cooking (8%0)

#4: Lighting (8%0)

#7: Dishwasher (3%o)

#8: Clothes Washer (1%o)

Where does it all go?
Here’s how a typical O'ahu
home uses energy

water heater
40%

: refrigerator /
freezer

15%

dishwasher
3%

#1: A/C=18-45kWh/day->summer time use PV-A/C cold thermal storage (Apr-Sep)
#2: Electric Hot Water =16kWh/day-> 1st solar hot thermal storage->2"? solar-PV->3rd Battery Discharge->4™" Grid-Buy
#3: Clothes Dryer=12.0kWh/day=> noon time PV and battery discharge (Grid-Buy <3kWh/day)

#4: Refrigerator/Freezer=7.2kWh/day-> timer so off 7.5 hours over night
#5: Plasma TV entertainment center=6.4kWh/day=> switched to LED-TV

#6: Pool pump=2.8kWh/day->daytime PV

#7: Cooking, Lights and Others=<3kWh/day=>use PV or battery discharge

——,

'm

clothes washer
1%
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Key Consumption Appliances
7-Air Conditioning Units
Washer & Dryer-1&2
Hot Water Heater
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Al Remote Menitor

Sunday 6/12/2016

Comp=83.5kW/day
Solar=39.5kW/day (47%)
Grid-Buy=42.3W/day

Hot Wate‘r Heater
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Sunday (laundry & AC)

Watts = omp=83.5kW/day Jne =201 1 Use Solar-PV For A/Cﬂ

14000
- Solar=39.5kW/day (47%)
_ _ _ Grid-Buy=42.3W/day _ Hot Water Heater _ _ _ _ _ _ Washer/Dryer

12000 \ Lunch ‘

Key Consumption Appliances
7-Air Conditioning Units

10000 - Washer & Dryer-1&2
Hot Water Heater
8000 | Hot Water Heater

EPeak PV-Gen£6.6kW/hr 7 AC-ON

6000 & ] F | nner
| i |

Grid-Buy
=4.4kW/h

| 1 FIH »

Grid-Buy

i [ Eattery Discharge A Discharge
- _ 2.0kW/h
2000 - —> |{72.0kWih Pool Pump’ Y 4l Refrig

i Refrig-on/off | | ' 1 ,
—n M) _% -l" Wl N | i

0 o I L
Q O Q Q Q Q D Q Q Q Q O Q Q Q S O Q Q Q O Q 9

Q' QO QO Q.0 QO QO QO L0 O QO QO QO Q.0 QO QO QO O O QO QO QL

Solar Power —Buy Power ——Battery Power =——Load/Demand
> J.O.B. Technologies (Strategic Laplace SOIar_IInk Web Monltor 43
JleLn0. Sales & 1 minute resolution off-line

[
@w - Technology)



'..
Daily Energy Usage  Ave=46.5kWh/day I
I

| I 75.7kWh
1
ot T
30.7KWh 48 7kWh
1.3%
Other lggzo
#1 a1 59.4% Alternative Renewable Energy Source

1st Solar-PV

Air Conditioner) n——_—_ 36.9% 2nd Cold thermal storage

%

I
I

I

I

I

I

I

I

I

1.3% l

Cooking W 2.0% !

Grid connect 3.3% :

_ 1.3% |

Lights l 2.0% ;

3.3% |

3.7% 1

Pool Pum 5.7% :

Grid connect 9.1% :

#3 9.5% |

Refrigerator e 14.8% - :

23.5% Alternative Renewable Enerqv:Source to Super Charge Hot Thermal Storage >165F
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kWh/da

50 b Grid-Buy=HEC
T N NN
s ,41 - 6/1/2016 installed 7kWh Solar PV
> +80 gallons Solar Hot Water Thermal Storage %
. +10kWh Electrical Battery Storage Aug 14, 2017 added 5
, L 2nd pattery and new o )
40 inverter control 2 ? 2
r Nov 2, 2016 added 2" Hot Water Solar Panel system and software @) (,/9) g
35 [ Al 17 e
i Jan 24, 2017 added 2" 40 gal Hot T g S
C Water Thermal Storage Tank and gl |
30 Hardware changes e
55 C Feb 13, 2017 S
i > added new g |S .
i Ia inverter control m z AZ\
- 1 ftW g
20 f = software &
L ©
- ’\ PV-ge é
i 3 - 7 |2
C Grid-BS e
SRS = — .
£S|n jld 10kWh Battery attery I \ _|& Suiiia .
_: - b Banllae™le— ' —' >’ Pl — — C ‘ ! ~— =am = = = o =
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0 [ — L G - _— - -
rid-Buy Oct-16/ Jul-17/ Sep-17
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Before Solar: Grid-Buy=47kWh/day x 30¢/kWh = $14.10/day x 30=$423/month-> 30¢/k\Wh

Phase 1 Solar: Grid-Buy=15kWh/dayx 30¢/kWh =$4.50 ($135/month)+ PV=13kWh/day x 3¢/k\Wh =$0.39 + battery=6.6kWh/day x9¢/k\Wh
=$0.59 + Hot=16kWh/day x 4¢/kWh = $0.64 -$6.12/dayx30=$183/month-> 12¢/k\Wh

Phase 2 Solar (16GU-1): GB=1.8kWh/day x 30¢/kWh =$0.54 ($16.20/month)+ PV=20kWh/day x 3¢/kWh =$0.39+ battery=6.6kWh/day x9¢/k\Wh
=$0.59 + Hot=16kWh/day x 4¢/kWh = $0.64 -$2.16/dayx30=$64/month->4.9¢/k\Wh

Phase 3 Solar (16GU-2): GB=0.4kWh/day x 30¢/kWh/15¢/kWh =$0.12 ($3.60/month)/$0.06($1.80/month) + PV=20kWh/day x 3¢/kWh =$0.39+
battery=8kWh/day x9¢/kWh =$0.72 + Hot=16kWh/day x 4¢/kWh = $0.64 ->$1.87/day/$1.81/day x30=$56/month/$54.3/month—> 4.2-3.7¢/k\Wh

T —eT.



e
Daily Energy Source & Use of Multiple-Storage to Achieve 100% Renewables (Off-Grid)
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Tuesday (Blackout Simu-l'ation) 4/4/2017

»,0 kWatts Comp=20.4kW/day BDOSWaT—>175F/165F
5 [ Solar=20.8kW/day (101%) Standalone Mode (Hot Thermal Storage)
N i Grid-Buy=0.0kW/day (100% Off-Grid) Cold Thermal Storage=67F
- 11
I Peak PV-Gen=4.0kW/hr
35 |
3 L
i Dinner
2> [ Off-Grid Single-Battery 3AC-On 3 AC-On 0 Battery
" Discharge Limit [Rbi= D'S;:harge
2 T
I Battery l 3AC-Off
I Discharge 68°F
15
Refrig-OFF
1 -
i 7>
0.5 *
. (Off-Grid) |
€ e e e e e e e e e e e g
S P P P P P P P P PP PP PP PP TP PSPPI
l PV Power e=——Grid-Buy —Battery Charging ——Battery Discharging =—Load



e S - T Solar=39.7kW/day (93%) BOD-Hot=>168F/160F
el iR Grid-Buy=0.6kWiday — -
b Monday 8/28/2017 ‘| O .
f Comp=42.3kW/day N
. 7 [ Solar=39.7kW/day (93%) ) O
- [ Grid-Buy=0.6kW/day M
> I PV=6.2kWHh Stove d: 1%’55;‘2‘315
6 5 ) 3-AIC
- 5-AIC Tﬁ l.. i
5 r é’ \30 & a“ é’%@ &QQ ,\é’ Cb@ %QQ\BQN§NG°\QQ~E§) & @ QQ & @ @ n° é’ \3“ <:‘5
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Ice Bear 20
Price Comparison vs Li-lon batteries

Ice Bear 20 Equivalent 5T AC Ice Bear 20 TES Equivalent Battery*

lce Bear 20 for the Home

i Thermal Energy Storage 1o i
* Hybrid air conditioning and energy storage solution + Air Conditioning
*+ 14,56 SEER Air Conditioning
+ 150 EER Ice Cooling ‘
Equipment Cost: Equipment Cost: Ice Bear 20 Installed Cost: Equipment Cost:
g L] ’d Storage capacity 20T-hours / 19.2kW-/ $12,900 $6,500 $14,900 $15,500
i Discharge duration 4hours @ ST Instalslation Cost: Installation Cost: Less 5T AC Installed Cost of Installation Cost:
2,000 52,000 $8,500 $1,500
Charge Power /time @ 75°F  24kW-hr / 7.5hours Net Cost of e Bear TES Total Cost
et Cost of Ice Bear TES: otal Cost:
Peak capacity 480k Total Cost: $14,900 Total Cost; $8,500 $6,400 $17.000

Air Conditioning,

T ——— $1,333/kW (4.8kW) w
TES & Ice Coollng IHon batteries cannot be operated 10 store solar over-gen like lce Bear TES syste

——— $333/kW-h (19.2 kW-h) $1,063/kW-h (16 kW-h)
Uses Solar Overgen/FIattens Peak sl Bl !

Modes of Operation

We Can Store “Cool” as Ice

24K-BTU Hybrid PV-A/C=$12K>$5.3K W ‘
Grid-Tie: 7-A/C units=44K-BTU=$1,800 in fact, most of us already do
= ExtendedMelt+ ™7 TiceMake TN Hce Melt
E' cp, lceBear AIC Cooling | : :
:" wh( 520 Day Time Make : 1 |
8 400 : 1§
s wami{VAC No Solar : 1
~ |
2300 : :
£ : ‘ [
_g:o: : :
2 ! |
£ : :
0
éoo:mm_tu_ﬁ

2 3 4 5 6 7 8 9 10 11 12 13 4 15 16 17 18 19 20 21 22 23 A4
Time of Day, [ hhonm )

%) IceEnergy




Starting Range Per 100U:\ie.d Annual Fuel . e C r I
Vehicle Size / Type Price (Miles) (kWh) Cost*
BMW i3 BEV Subcompact | $42.400 | 114 27-29 $550 Power Req u I rem entSI
Chevrolet Bolt EV Compact $37,495 238 < 28 > $550 p 7
Fiat 500e Compact $32,600 84 30 $600 Wh en IS EV TOO COStIy .
Ford Focus Electric Compact $29,200 115 31 $600
Hyundai loniq Electric Compact $29,500 124 25 $500
Kia Soul Electric Crossover $33,135 93 32 $600 I
el -~ (o [ v () [ |
Mitsubishi i-MIEV Subcompact | $22,905 | 62 pgi \_ $600
Nissan Leaf Compact $30,680 107 @ \Q HECO lkWh_$030 ‘JUIy 29’ 2016 o
Tesla Model S LuxSedan | $69,500 | 258-a51 a’f‘ ssoo-s§00\ i i
esla Model X Crossover | $82,500 | 237-289 %—a s700-$750 [4P7 driving miles % s B
olkswagen e-Golf Compact | $29,800 | 124 I $550 gglgvgg Sgg ||0ns ;i;; 1
l 25MPG i .
33 driving miles | Severe Duck Curve -
10 kWh used =$3.00=1 gallon Evening Peak by EV! ‘
=30MPG e B
33 kWh generated ] o
d Sxw
Domestic d o
Water
Heater » 4 3w
4.5 kW Nissan
Leaf 4 2w
charging ew
at576 k 1
(24A 240V)

e e eaed X
3

Pom 10em $tam 12pm om 2pm Jpm apem Spem Spen pm Spm pm 10pm




Summary: 2 s a Month Off-Grid!

-Achieved 1 enewable Energy for Residential Hawaii 24 days a month - solar-
ar thermal + Hot thermal storage + electrical dual battery storage + Cold
thermal storage + optimized key household appliance TOU (single battery=12+days)
-Eliminated Duck Curve and all AM/PM Grid-Buy energy spikes/peaks.

-HEMS improvements including inverter control system was critical: Inverter software
communication between Grid-Buy/solar-PV gen/Battery charge-discharge/House
demand efficiently to reduce Grid-Buy by 8kWh/day and maximize PV generation and
battery charging for 2"d AM discharge. Inverter improvements = more Household
Appliances for Standalone/Off-Grid mode.

-~30% solar-PV energy loss/dumping but still economically reduced ROI to 2.7 years
by reducing Grid-Buy to Zero with Multi-Storage options for Off-Grid operation.

Future

. .
ot Water Heat
. 5.5KW Inverter Power from B modules Power fram the grid I :‘;‘"’L':"J".":T;’I‘I'l’""‘r'
o 3 MPPT for maximizing PV generation 51
+  9.89kWh Battery ¢  Demand charge management, home backup, maximize

- Optional 19.78kWh/2x batteries configuration TOU savin gs
~— g o o 2kw discharge per battery e Non-Export mode available for Hawaiian Customer Self-

e o Built-in overcharge/over-discharge protection Supply Market



Contents of the Corporate Program Package

N ——————— [0
: Z i

Free desktop solar qualifying and energy consultation

Complete Package
* 6.5kW Solar Panel
« 5.5kW Inverter with 10kWh Battery Storage
» Laplace Monitoring
+ Installation cost

« |TC Tax Benefit (30%)

i

« SGIP Submission
« Total estimated at $26k S S
B We offer optional flnancmg (10 — 20 years)
s e
" e : | r
/’ b s S - - TABUCHI \wwyy.tabuchiamerica.com
| : 554-0634 68 (G ceLLs[ancerals
'/ " T g g = My 7kWh Solar-PV + Tabuchi
| 27 PANEL SYSTEM | o eemeemen) Flectric 10kWh Battery & Inverter
; b e U aee. guww| | System Package from Poncho’s Solar

Battery Backup System — : f s to
&7 A .On Solar 8 AC —
’ =) Er =$29,500
P/ X

Cost: $29,500 + tax 7
Fed Tarx credi t 59 267 / et 52

Bring this coupon in to
Poncho’s Solar to receive



