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Outline
• Introduction

– Global Carbon Emissions reach record level of 37.1 B Tons 

for 2018 and CO2 peak reached 415PPM on May 11, 2019.

– Solution: Each person do their part & reduce carbon footprint

• Home/Building achieving 100% Renewable Clean Energy Today and 

Not Net Zero Energy!  Export to Grid creates Duck Curve problem!

• Plug-in Electric Vehicles (B-EV & PH-EV) are Not Carbon Neutral!  

Need Solar PV-powered (PVB-EV) and Battery Swapping (BS-EV)

• Island Nano-Grid Resilience Saves Lives & Money!

• Start at Home:

• Summary:
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2018 CO2=37.1B tons +2.9%

Solution #1: We must all do our part to fight Climate Change (Global Warming) today by reducing our

carbon footprint at home and work with Solar+Multi-Storage for 100% Renewable Clean Energy.
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Global Carbon Emissions 
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Billion Tons of Carbon Emissions

Country CO2 Emissions Global Share

#1 China 10.3Btons +4.7%          27.7%

#2 US 5.4Btons +2.5%                14.5%

#3 Europe 3.5Btons -0.7%            9.4%

#4 India 2.6Btons +6.3%              7.0%

Rest of World 15.3Btons +1.8%  41.4%

Total 37.1B tons +2.9%               100%

+2.5%
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Rhodium Group, Jan 8, 2019.

USA

Global demand for Energy in Transportation sector

a) Cars =50%

b) Heavy Trucks=28%

c) Air=10%

d) Sea/Ship=9%

e) Rail/Train=2%
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HECO =22% Renewables

HECO =78% Fossil Fuel (Oil)

EV Not Carbon Neutral!

1) 2018 EV sales up 68% reaching 1.98M for total of 5.12M, but EV still <1% of global car fleet. 

2) China #1 with 1.0M EVs followed by Europe with 385K then US with 361K.

3) Percentage of EV sales, Norway #1 with 46%, Iceland with 17% and Sweden with 8%.  Hawaii ~6%

Plug-in Battery Electric Vehicles (B-EV) & Plug-in Hybrid Vehicles (PH-EV) are 

Not Carbon Neutral!  Need PV-powered (PVB-EV) 



J.O.B. Technologies (Strategic 

Marketing, Sales & 

Technology)

7

Hyundai enters the solar car race with new Sonata

Hyundai has unveiled its new hybrid, the Hyundai Sonata, complete with integrated solar cells. The Sonata’s 

unveiling joins Toyota and Lightyear in integrating solar PV with EVs.

JULY 25, 2019 PV MAGAZINE

The thin-film manufacturer and Chinese carmaker Joylong

Automobile applied thin film cells to the roof of a small 

commercial vehicle which was tested for a month. Hanergy

says its K-Car could offer an effective daily range of 50-

100km (30-60miles) without charging.

Lightyear

https://www.pv-magazine.com/author/lwgpaulzubrinich/
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Solar + Storage 

Summertime Air Conditioning use is 60% of Energy!

100% Renewable Clean Energy 

= Zero Carbon Footprint  

Hawaii Cooling + Heating (AC/HW/Ref/Dryer) 

Summer-High= 93%

Summer-Low= 84.6%

Winter= 80%

Start from the bottom 

up and not top down!
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Severe Over Sizing of Rooftop 

for Maximum Export Back to 

Grid with NEM! 

Peak=8.5kW

PV-gen=63kWh=7.4hrs

Demand=20.5kWh

Net=42.5kWh (1.3MWh/month)

PV-gen =3x Demand

PV-gen =2x Demand

Peak=8.0kW

PV-gen=58.3kWh=7.3hrs

Demand=29.5kWh

Net=28.8kWh (~860kWh/month)

Sep 4, 2011

June 9, 2014
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2018 Aiea NEM 7kW-PV

Grid-Buy PV Export Net NEM HECO Bill

kWh/month 

$/month

Grid-Buy=295kWh/month (9.8kWh/day)

PV Export=618kWh/month (20.6kWh/day)

NEM-net Grid-Buy (Zero-NEM)= -323kWh/month (-10.8kWh/day)

HECO Bill=$19/month Aug 2018     =$26/month Sep 2018

Case Study #1

Sending 6x daytime excess back to the Grid for a net monthly excess of 

323kWh x 30¢/kWh or $96.70/month & $1,162.80/year free to HECO!

75% overnight=9.9kWh/night=297kWh/month

25% daytime=3.3kWh=99kWh/month

Total daily usage=13.2kWh/day=396kWh/month

PV-Generation =23.9kWh/day =717kWh/month

Min NEM= -131kWh/month

Max NEM= -508kWh/month

Grid-Buy 295kWh – Export 618kWh = -323kWh Zero-NEM = $26/month 
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33%

Duck Curve Issue in HI & CA Due to Excessive PV 
Export!

In Hawaii 1 in 3 homes have rooftop solar-PV!

Solution: No More Utility Scale Solar-PV Farms only Battery Storage Farms 

with Solar-PV Charging for PM Demand! For Residential or Commercial only 

Self-Consumption not Net Zero Energy with No Export!
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Nov 2017

Oct 2006 

Big Island 

earthquake 

caused 

island wide 

blackout on 

Oahu for 24 

hours!

Problem #2
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Time of Use: Peak rate shifting to later in the day

NEM: Selling price decreased to wholesale price

Demand Charge (except HI): kW charge for 

customer monthly peak

The Response from Utilities

Hawaiian Electric Export Rate

2014: NEM=Full Retail 

(35¢/kWh2016=24¢/kWh2018=32¢/kWh)

2016: CGS=15¢/kWh

2018: CGS+ =10¢/kWh (wholesale) 

But 1kWh credit requires 1kWh Grid-Buy 

so Zero Net Energy Metering is possible 

but not minimum monthly payment!

Solar Radiance

Problem #2
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Christmas-lights 

and Maintenance

Record Wet Feb 2018
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Add Residential Solar + Storage
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240V Transformer

Avg=1250kWh/month
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April 2017 Grid-Buy:

104.1kWh/month or 

3.5kWh/day (Solar Phase2)
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12 Days Off-Grid!

If 2nd Battery (7.5kWh discharge) then +10 Days

If 240V (dryer, hot water, dishwasher pool pump) then +6 Days



Solar 

Phase 3:

Dual 

Battery

20kWh
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Centralized Grid Failure
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Hawaii Volcano Lava Flow 2018
CA Earthquakes, Mudslides and 

Firestorms-2018Puerto Rico Hurricane Sep 2017

Security: lost power 

evacuated homes were 

looted

Safety: lost power at night 

could not see how to escape 

burning homes, 85 lives lost!

Safety: 2,975 lives lost, 

months without gird power 

critical life support and health 

equipment lost generator 

power overnight   
 Hokkaido, Japan earthquake (Sep 2018), caused 2 days island wide blackout affecting 2.9M 

people with 41 lives lost.  Many hospitals on emergency backup power had to turn away 

patients.

 To save lives when a natural disaster strikes, it has become clear that true resiliency requires 

Zero Grid-Buy (100% renewable energy) by the creation of “Island Nano-Grids & Nano-

Grid Clusters”! 

Utilities with centralized grid, especially with above ground distribution 

power lines are not resilient to natural disasters that can cut-off power, 

locally isolating homes and communities for weeks and months!

Problem Statement #2



Solar Plus Multi-Storage Restores Power to Families in Puerto Rico

May 1, 2018

John Borland and Takahiro Tanaka

Based on my Off-Grid results using Island Nano-Gird since April 2017, Tabuchi donated 10 off-

grid systems in Oct 2017 to Puerto Rico.  Tabuchi has installed 150+ of their systems throughout 
Puerto Rico — as shown in Fig.1 — with 50 percent initially installed for off-grid operation until 
grid-tied power could be restored. Fig.2 shows an isolated remote family home installing the 
Solar + Multi-Storage system for off-grid operation. This is one of the donated off-grid systems 

that went to a family in remote Maricao, Puerto Rico, whose house has been without power for 

20 years since hurricane George struck in 1998. The electric power was never restored to their 

area, according to Tabuchi. Fig.3 is a photo of Edison Rivera standing in his living room with the 

light on for the first time powered by non-fossil fuel consuming generator since 1998.

To Save Lives!!!!! (~3,000 deaths) 

Fig.2

Fig.3

Fig.1

https://www.renewableenergyworld.com/articles/2018/05/solar-plus-multi-storage-restores-power-to-families-in-puerto-rico.html#authors
https://www.renewableenergyworld.com/content/rew/en/index.html
https://www.renewableenergyworld.com/content/rew/en/index.html
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Like California New Home/Low Rise Solar Mandate May 2018!

Problem #3
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Solution #2: Island Nano-Grid and

Clusters of Nano-Grid for Resilience
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Island Nano-Grid:

Home & Low-Rise Apartments

Borland et al., IEEE-PVSC June 2018 
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Nov 2019
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Solar PV + Battery Package Costs ROI Analysis

COS (cost of system)

D-COE (Daily-cost of energy)

Solar-PV (7kWh)

COS=$22,400=$3.20/W  TaxCr=$1.44/W

D-COE=7.9¢/kWh/20yrs TaxCr=3.4¢/kWh 

Battery (10kWh)

COS=$7,100=71¢/W  TaxCr=32¢/W

D-COE=32.4¢/kWh/10yrs TaxCr=14.5¢/kWh 

Solar Thermal (16kWh)

COS=$6,000=37.5¢/W  TaxCr=16.9¢/W

D-COE=15.1¢/kWh/10yrs TaxCr=6.8¢/kWh

24% 8.25% 0.22x (-88%)

0.61x(-39%)

ITRPV-2017

COS=$29.5KK$51K

COS Rooftop Solar (Sep 2017)

Europe=$1.00/W (64%<USA)

Japan =7%<USA (RTS/Japan)

USA=$2.80/W

Utility=$1.03/W

Tracker=$1.11/W
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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 changed due to the ~20% PV energy weather & 

temp LOSS!  Lowest cost ($/W install) is more important than highest cell/module efficiency!



Outline
• Introduction

• Start at Home:

– Solar-PV + Battery Storage  Solar Energy (Light-PV & 

Heat-Thermal) + Multi-Storage (Battery & Thermal Storage) 

For 100% Renewable Clean Energy and Resilience

• Nano-Grid Island Nano-Grid (Off-Grid with Grid-Tie Backup)

– Lifestyle Behavioral Changes and Renewable Energy 

Conservation Minded Using IoT & Smart Devices for 

Monitor, Control and Sustainability

• Summary:

26
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Peak Summer Energy Usage

#1: Air Conditioner= 60%

#2: Electrical Hot Water= 21%

#3: Refrigerator/Freezer= 10%

#4: Pool Pump=4%

#5: Clothes Dryer= 2%

#5: Other=5%

Total=100%

Winter Energy Usage

#1: Electrical Hot Water= 50%

#2: Refrigerator/Freezer= 24%

#3: Pool Pump=10%

#4: Clothes Dryer= 6%

#5: Other=10%

Total=100%

Eliminate Root Cause of Grid-

Buy Energy Demand Spikes

Solar Phase 1

Right Data Analytics Tools



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Dryer

Hot Water

Refrigerator

Pool Pump

Lights

Cooking

Air Conditioner

Other

Total

Daily Energy Usage

Daily-Summer-High Daily-Summer-Low Daily-Winter
kWh/day

2.2%

3.5%

5.5%

21.1%

32.9%

52.1%

9.5%

14.8%

23.5%

3.7%

5.7%

9.1%

59.4%

75.7kWh

1.3%

2.0%

3.3%

1.3%

2.0%

3.3%

1.3%

2.0%

3.3%

48.7kWh
30.7kWh

36.9%
0%

Ave=46.5kWh/day

#1

#2

#3

Alternative Renewable Energy Source

1st Solar-PV

2nd Cold thermal storage

Alternative Renewable Energy Source to Super Charge Hot Thermal Storage >165F

1st Solar Hot thermal storage

2nd alternative renewable energy source Solar-PV

3rd Battery Optimized Discharge (BOD)

4th Grid-Buy

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%)

#4: Lighting (8%)

#7: Dishwasher (3%)

#8: Clothes Washer (1%)

Cooling + Heating = ~85%

Cooling + Heating (AC/HW/Ref) 

Summer-High= 93%

Summer-Low= 84.6%

Winter= 75.6%

EV 

(3.5miles/kWh)

22%

Requires Correct Data Analytics

17-45kWh/day

7kWh/day

16kWh/day

12kWh/day
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If The Grid Goes Down BIG PROBLEM!  All 

Smart Homes Require Resilient Island Nano-

Grid 24/7 For Security & Safety!
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Smart Home/Building Renewable Energy 

Management System For Energy Ecosystem 

Balance
Grid 

Electricity

No Export

Smart Home Security System

Cameras

Motion Detector

Open/close switches for doors and windows

Smoke Detector

Fire Alarm 

Smart Home Appliance Control

Alexa/Google Home

Pool Pump

Water Pump

Refrigerator/freezer

Dishwasher

Clothes Washer

Clothes Dryer

Lights indoor and outdoor 

Entertainment System

Switches 

Smart Home Environment Control

Air conditioner

Heater

Hot Water

I Have >20 IoT/Smart Home Devices Today!



31

Weather SkyCam 
Weather Forecasting: Sky-Cam, 

Satellite & Radar Local Imaging
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Overnight battery <15%

so keep Grid-Off

Battery 96% charge by 2PM

so keep Grid-Off

Cooking

2-Air Cond.

4-Air Cond.

6-Air Cond.

5-Air Cond.

2-Air Cond.

Eliminate Root Cause of Grid-

Buy Energy Demand Spikes

Air Cond=17-45kWh/day

Hot Water Heating=16kWh/day
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battery not charging <33%
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Electrical Hot Water

Eliminate Root Cause of Grid-

Buy Energy Demand Spikes

Hot Water Heating=16kWh/day
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Winter-Sunny Day

In Dec & Jan rainy months 

overnight battery <10%

so keep Grid-On 
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Buy Energy Demand Spikes

Hot Water Heating=16kWh/day
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overnight battery <10%

so keep Grid-On 

Electrical Hot Water
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Peak Daily Hot Water
Hot Water Temperature (F)

1 Full Day Capacity=4 Baths 

Requires >165F Storage (>16kWh/day) 

1-Panel

Peak=157F=69C

2-Panels

Peak=178F=81C

3-Panels

Peak=198F=92C

Electrical Heater Element Temperature Range (120-140F)

Hot Water Heating=16kWh/day
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Hot Water Heating=16kWh/day
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SPI-2018

6 years

10 years
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Phase1

Battery 1
Phase 3

Battery 2

Phase 4

240Vac

Transformer

Phase 1

80 gallon

Phase 2

40 gallon

Solar Hot Water 

Panels 1, 2 & 3(phase 4)

Dec
Apr

Phase 4

Digital Temp Sensor

Inverter

27 solar-PV panels

Case Study #5
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Jan-May=$1556 ($311/month)

Jun-Dec=$932 ($133/month)

$/Year 4 Year Average=$4,754.50/year=$396/month=31.6¢/kWh=1250kWh/month

CGS+ =$25 x 12 months

=$300/year

25 years Save $109K!

2016 (7 months)

47.7% Savings

$2,266.50

2019E (4th year) 

93.0% Savings

$4,419.50

2018 (3rd year)

92.4% Savings

$4,383.50

2017 (2nd year)

88.3% Savings

$4,201.50

$553 ($46/month)
$371 ($31/month)

34.2¢/kWh

34.1¢/kWh

34.9¢/kWh

27.6¢/kWh

23.8¢/kWh

29.1¢/kWh
28.4¢/kWh

Solution #3: Zero Grid-Buy Equivalence for $25/month Utility Bill

=$300/year =93.7% savings =$4,454.50

Jan-Oct=$279 ($27.90/month)

2019E=$335 (32¢/kWh)



($30,000)

($20,000)

($10,000)

$0

$10,000

$20,000

$30,000

$40,000

$50,000

$60,000

$70,000

$80,000

$90,000

$100,000

0 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

ROI Analysis with 10 Year Battery Life

$29.5K-50% $13.5K-50% $13.5K-94.5%

Full Tax Credits =$13.5K

Full Price =$29.5K

Replace battery year 11

+$7,100

Replace battery year 21

+$7,100

+$37,530

+$12,620

-$6,940

+$99,800

+$39,800

+$12,700

ROI Analysis For System Costs =$29,500
Key to Shortest ROI is Zero Grid-Buy Equivalence ($25/month) with Lowest $/W COS 

100%=$5,384

94.5%=$5,103

50%=$2,691

100%=$4,754

92.2%=$4,383

50%=$2,377

Break-Even Point
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Outline
• Introduction

• Start at Home:

• Summary

– With Home/Building Island Nano-Grid we achieved 100% 

Renewable Clean Energy all from the Sun (light & heat),

therefore Off-Grid for 336 sunny/partial cloudy days in 2018 

reducing home carbon footprint by 92% today!

• Grid-Buy reduced from 14.5MWh/year (1.21MWh/month, 

40.3kWh/day) to 1.2MWh/year (100kWh/month, 3.3kWh/day).

• Hawaiian Electric yearly bill reduced from $4,754.50/year 

($396/month, $13.20/day) to $371/year ($31/month, $1.03/day) a 

savings of $4,383.50/year ($365/month) and 3 years payback.

• Average Daily Cost of Electricity (D-COE) = 5.6¢/kWh.

– Sustainability required use of IoT and Smart devices for data 

analytics, monitor and control of Energy Ecosystem 24/7 

including future weather forecasting capabilities to Balance 

the Multi-Renewable Energy Sources. 
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Summary for 2nd Solar Wave
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1) No Export of excess rooftop solar-PV back to Grid so 

no further Duck Curve degradation and Grid instability.

2) No need for special 2-way metering and for utility to 

control home inverter PV-generation.

4) Switch to TOU rates and save more $$ with Grid-Tie 

for back-up power on cloudy/rainy days (92% yearly 

savings). 

5) DER for residential rooftop solar with multi-storage 

will not work especially wintertime, to be economical 

homes must be ZGB-Equivalence, keep 100% of self-

generated power except on very sunny days for!

6) DER requires 2x oversizing battery increasing 

Battery COS from $10K>$20K! This can increase 

ROI payback from 3.1years >5 years unless lease or 

rent as virtual grid!

Wall Remote Monitor for Data Analytics



Backup Slides
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Daily-Cost Of Electricity (D-COE)
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D-COE for Grid-Buy from HECO is 30¢/kWh (2018).  

D-COE for a $3.20/W solar-PV system is 7.8¢/kWh/20 years or 

3.6¢/kWh/20 years for full tax credit (solar radiation 5.6hours/day X 

7.0kW PV generation X 365 days/year X 20 years product life cycle 

=286.168MWh÷ 1/system cost [$22.4K or $13.5K full tax credit]) 

=7.8¢/kWh or 3.6¢/kWh. 

D-COE for a $0.70/W battery discharge is 32.4¢/kWh or 14.9¢/kWh 

full tax credit (6.0kWh/day [60%] X 365 days/year X 10 year product 

life cycle=21.9MWh ÷ 1/$7.1K) =32.4¢/kWh or 14.9¢/kWh.  

D-COE for hot thermal storage is 13.7¢/kWh or 6.3¢/kWh full tax 

credit (16kWh/day X 365 days/year X 10 year product life 

cycle=58.4MWh ÷ 1/$8K)=13.7¢/kWh or 6.3¢/kWh.  

Totally D-COE = Grid-Buy COE (8%) + PV-gen COE (49%) + 

Battery Discharge COE (24%) + Thermal COE (19%) = 5.6¢/kWh



Various 

Options For 

Spacing 

Cooling or 

Heating 

$/kWh 

J.O.B. Technologies (Strategic 
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Technology)
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$$$

Air Cond=17-45kWh/day
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=131F

=131F

$30-60K?

Hot Water Heating=16kWh/day
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Solar-PV

Hot-Thermal Storage

Cold-Thermal Storage

Total Renewables

Grid-Buy

Daily Energy Source & Use of Multiple-Storage to Achieve 100% Renewables (Off-Grid)

Daily-Summer-High Daily-Summer-Low Daily-Winter
kWh/day

93.3%

102%

96.4%

8.7%

13.6%

21.5%

50.2%

21.1%

32.9%

52.1%

13.2%

6.7%

32.9%

32.6%

Avg Grid-Buy=1.6kWh/day

Avg Renewables=44.9kWh/day Avg Energy Usage=46.5kWh/day

2nd Battery
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