
Today	  

Outline	  
Part 1 History & Overview  2015 Feb 5 at Bolton Library; Bolton Access TV Program batco.tv/ 

!  Solar Heating in the 1970s 
!  How we embraced Solar in our Bolton home, Built in 1978 
!  Solar Photovoltaic (PV) Electrical Power  
!  Land PV Systems, Off Grid and Grid-Tie  
!  Overview of our Solar PV System 
!  FAQ  
Part 2 Solar PV System Design, Installation, & Performance  
Bolton Access TV Program batco.tv/ 

!  Steps to Install a Solar Photo Voltaic (PV) system 
!  Preparation and Installation Photos 
!  Excellent performance of our new Solar Photo Voltaic (PV) system 
!  Remote Monitoring 
!  Snow Shedding & Panel Shading 
Part 3 Energy Conservation Bolton Access TV Program batco.tv/ 

! Avoiding Transmission & Distribution Losses via Solar PV 
! Conservation Benefits even Without Solar 
! Heat Pump Hot Water Heating & High Efficiency Pool Pump  
! Electrical Load Analysis and Vampire Mitigation 
! Lighting, Electrical, & Other Conservation Methods+Geothermal 
! Potential Future Projects & Trends 
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UPDATE 1: Solar Impulse 2 Progress 
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Why add these updates? 
-  The solar energy landscape is changing very 
rapidly! 
-  These briefings have been revised many 
times to bring you the latest 
-  Upon learning about relevant news, I updated 
the .pptx file 

• In Part 1, chart 7, we discussed  the Swiss Solar Impulse 
2 Solar Powered Airplane and mentioned that it would 
take off on a Circumnavigation attempt in March 2015 
@Abu Dhabi,   [Wiki] 

• It did and in Part 2, we noted that it was in Ahmedabad, 
India, but would take off on Tuesday, March 17 

• It did and has now left Myanmar for China [BBC News] 
• Circumanvigation will take roughly five months. “It will fly 
over 3 continents and 2 oceans, Total distance to be 
covered: 35,000km. Flight across Atlantic will be difficult, 
and the conditions will have to be absolutely right.”
	  [All-‐you-‐want-‐to-‐know-‐about-‐Solar-‐Impulse-‐2] 

•  Carbon Fiber construction, 5070 lb 
•  Lithium Ion batteries, 1395 lb 
•  Endurance = 5 days with no fuel 
•  17000 Solar cells 
•  Speed 20 – 70 Knots 
•  Four 17.5 HP electric motors 

	  [www.solarimpulse.com]	  

~900Klbs	  

~5Klbs	  



[people-‐going-‐solar-‐massachuseJs-‐middle-‐class]	  

Solar NOT Just for 
 the Rich! 

250 NECE Solar Installations 

UPDATE 2: Solar War 
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How can you help?  - At 
http://solarisworking.org/, 
sign up for MassSolar 
monthly newsletters and 
action alerts 
- Contact your legislators 
in support of HR H2852 An 
Act relative to net metering, 
community shared solar and 
energy storage 

• The $50 surcharge in Arizona was reduced to 
just $5 by the PUC because the utility could 
not justify the $50 claimed impact!*                
[*Eric Broadbent] 

• We are fortunate to live in Massachusetts, 
where the political climate is much more 
solar-favorable 

• MassSolar, a group of solar advocates*   
-   Website solarisworking now up 
-   Reaching out to other groups, businesses, 

citizens, news media, and legislators  
-   Making the case to continue Net-Metering 

policies that have allowed solar in MA to grow 
• Email ebroadbent@mac.com or 

mark@newenglandcleanenergy.com for more 
details & links 

Anti-Solar Organizations…consider the motivation of their 
messages! 
! Edison Electric Institute (EEI) 
! American Legislative Exchange Council (ALEC), funded by 
billionaire Koch Brothers** 

[**http://thinkprogress.org/climate/
2014/04/25/3430835/clean-energy-solar-koch-alec/] 

And as we will see, distributed Solar is more 
efficient, with lower transmission/distribution 
losses, as well as improved fault tolerance 

• You may have seen this recent Globe story 
[http://www.bostonglobe.com/news/nation/2015/03/14/utilities-sensing-threat-put-
squeeze-booming-solar-roof-industry/jryoppmhl8QSdsCb2HcaWK/story.html] 
–  “Utilities fight rise in home solar power - Industry 

seeking hefty surcharges for consumers” 
•  Arizona utility imposed $50/mo. net metering surcharge 
•  “industry officials have enlisted the help of minority 

groups in arguing that solar panels hurt low-income 
people by driving up electricity rates for everyone else” 

–  Debatable whether home-solar systems really add 
costs to electric grids  

•  Louisiana study found solar roofs shifted $2 M to non-
solar customers. But it was fossil-fuel lobby-influenced 

•  Nevada and Mississippi found that costs can be 
outweighed by benefits, e.g. reducing the strain on 
electric grids on summer days when demand soars and 
utilities are forced to buy additional power at high rates 



Introduction (from Part 1) 
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•  Not only does it sustain life…. 
“The sun—that power plant in 
the sky—bathes Earth in ample 
energy to fulfill all the world's 
power needs many times over.  

- It doesn't give off carbon 
dioxide emissions.  

-  It won't run out.  
- And it's free….2. ”  

•  With investment in 
 Solar systems, this  
 clean, free energy 
 can be captured:  

...	  view	  of	  a	  huge	  solar	  flare	  being	  unleashed	  from	  the	  surface	  of	  the	  sun1.	  1..	  

• Better to distribute solar collectors 
& storage among the points of use 

The sun shines everywhere, 
so distributed solar energy 
can minimize ugly, lossy 
transmission lines and 
pipelines filled by fracked gas 

•  A small fraction of the US land area 
could produce all of our electricity: 
“A 2003 fact sheet by DoE’s National Renewable Energy 
Lab noted that a "100-by-100-mile area of Nevada [About 
the area of MA or 0.26% of the US] could supply the 
United States with all of its electricity" ….3. ” .) 

Our streak stopped at 12 $0 NG bills in a row because of an estimated 
(high) reading. They need to be within 500’ to get a reading. 



Power Transmission & Distribution Loss 

•  I2R losses can be minimized by transformers to convert AC to higher voltages 
as is done for transmission, but the transformers have losses as well. There 
are also losses due to corona, leakage current, power factor, etc. 

•  Transmission and distribution losses in the USA were estimated at 6.6% in 
1997 and 6.5% in 2007. [Wikipedia]. Worldwide 132 countries41. Average= 
12.9% , Min=2% (Slovakia), Max=55% (Haiti).. Includes pilfering. 
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•  Morning after wet, heavy snow in Bolton 
•  Aluminum Power line with steel core is bigger than 

the others, but appears smaller because I2R power 
loss has heated it and melted the snow already.  

$$
$ 

$$
$ 

$$
$ 

$$$ 

$$$ 

I2R power loss: 
Current I Amps 
flowing through the 
wire with resistance 
R ohms generates 
I2R  watts of heat, 
not useful work 



The Home 

*Big batteries can be 
integrated at extra 
cost-help reduce 
transmission & 
distribution losses        
and provide backup. 
Electric car battery 
technology is 
advancing; Tesla/
Solar City already 
offers panels + 
storage36.  

Grid-Tie Land PV System (from Part 1) 
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Generic 
Diagram from 
Reference 9 

Series Connected Cells in Panels 

Inverters convert DC 
from panels to grid-
compatible AC 

Energy	  Flow	  

Night	  
Day	  

The Grid  excess energy stored 
there…No Big Batteries* 

Fixed 

None 

Without local 
storage; there is 
loss when no 
solar is available Even without local storage; daytime 

loss is minimized by neighbors using 
your excess electricity.. It doesn’t need 
to go all the way to the power plant 

- Power generation at the use point, e.g. Residential PV Solar, avoids long wires, 
transformers, and high voltages, minimizing losses. Storage saves at night too. 

THE SUN TAKES CARE OF TRANSMISSION AND DISTRIBUTION! 
- De-centralization also improves tolerance of faults and load extremes 

The GRID was designed 
as 1-way, with few large 
power plants. NE  ISO 
(Independent System 
Operator) is facing the 
challenge of assimilating 
many small sources.47. 



Conservation Benefits even Without Solar 

•  As our electric bill decreased due to Solar PV, we undertook 
new efforts to get it to zero; i.e. Improve our Solar Fraction 
(Solar KWH/Total KWH) to 1  

•  Methods considered to Improve our Solar Fraction 
–  Expand the PV System to generate more power 

•  e.g. add more panels on the garage 
–  Reduce usage 
–  Conserve energy, reduce waste   

•  Benefits even Without Solar PV 
•  Low hanging fruit first 
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Lesson:  
Buy Only.. 
 from the 
rebate list: 

Lesson: If it’s listed for a MassSave rebate; it really works! 

….and the conservation techniques covered here in part 3 
offer benefits even if you don’t go with solar PV 

•  Other than Solar PV or wind, there is not much home owners 
can do about transmission and distribution losses in the grid 

•  But there are many losses within the home that can be 
addressed…	  

•  Help from MassSave: 
http://www.masssave.com/residential/mass-energy-rebate 

•  Recent Rebates: $750 Heat Pump Water Heater, $200 Pool 
Pump, $25 freezer 



2013 Decision: Heat Pump Hot Water will be our next post-retirement project! 

…..HPWHs use electricity to 
move heat from one place to 
another instead of generating 
heat directly…..imagine a 
refrigerator working in reverse. 
https://www.energystar.gov/index.cfm?
c=heat_pump.pr_how_it_works 

Energy 
Corner; 

Basement 
Level; 
2014 

Heat Pump  
Hot Water Heating 

8	  

•  Focus on hot water again 
–  Our 115 Gallon formerly-solar tank 

•  28 years old!  
•  Was serving as a conventional electric tank 
•  Was beginning to leak at the lower element gasket, needed 

replacement soon 
•  Was consuming almost 8KWH/day .. Over 20% of our 2012 (pre-

solar) average electricity usage of 38.6 KWH/day 
–  Alternative Solutions 

•  Install a new solar hot water system (more area efficient than PV) 
•  Install a new fossil fuel tank (nah) 
•  Improve conservation by using a heat pump tank, but the $750 

MA rebate, $1000 in 2012, may be reduced (still $750) 
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•  Evaluated 11 models (spreadsheet available) 
–  Only 6 were on the MA rebate list (updated 2014 Feb) 
–  Selected AirGenerate AirTap ATI66 (All stainless, perfect duct layout, 

good reviews in NW, excellent independent test, powerful heat 
pump, thorough instrumentation, flexible control, backup element 

Upper & Lower 
(Backup) 4000W 
electric elements 

Condensate 
Drain 

Condenser 
coil in 

bottom of 66 
gallon tank 
heats water 

Compressor & 
Evaporator 
above tank 

AMBIENT 
AIR 

Summer: To 
Basement 

Winter: To Garage 

COOL	  
DRY	  
AIR	  

Lesson: If this and the oil burner are running, don’t build a fire Without 
opening a window unless you want to test the smoke alarm! 

Plumbing by Matt Szymanski 
mjszymanski1@gmail.com, 
Bolton, MA 

De- 
Humidifier 
no longer 
turns on! 



Hot Water Results 
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Heat Pump HW Tank is a Great Investment; ~5 year payback*.. Needed 
new tank anyhow. Helped improve our Solar Fraction! 

Old 115 Gal. Tank 

7.9	  KWH/day	  

15.4	  	  
KWH/day	  	  	  
@	  4	  extra	  
people	  

4	  KWH/day	  @	  
No	  One	  Home	  

No	  One	  Home	  

7.1	  KWH/day	  	  	  7.3	  

New	  Washer	  &	  Dryer;	  
Just	  Missed	  New	  Heat	  
Pump	  Dryer!	  

Measured using home made on-time/cycle counter Measured Daily using  efergy True Power Meter 

1.1	  KWH/day	  @	  No	  One	  
Home;	  Reduced	  to	  27%!	  	  

2	  extra	  	  
people	  

2.9	  	  	  	  3.2	  	  	  	  3.28	  	  	  	  	  	  	  	  3.74	  	  KWH/day	  	  	  

NO SOLAR 
anymore; just 

Upper & Lower 
4500W Electric 

Elements ATI66 Heat Pump Tank 

Upper 4000W Electric 
Element only came on 
during initial fill up; all 

heat pump since! 

Will be improved further 
by adding insulation 

Lower (Backup) 
4000W Electric 

Element available for 
future DC Solar 

Assist (See  BackUp) 

2013	  	  	  	  ⊥	  	  	  	  2014	  

4	  extra	  	  
people	  

5.94	  	  KWH/day;	  Reduced	  to	  38%!	  	  
2.62	  	  KWH/day	  	  

No	  One	  
Home	  

Overall, Saved 4.82 KWH/Day! $412/year* 
• Old Tank (~ 6 Mo.) 7.74 
• ATI-66 (~12 Mo.) 2.92; Reduced to 38% 

Additional 
Savings not 
quantified: De-
Humidifier no 
longer needed! 

*Current NG R1 rate is 
$0.234/KWH +$4/mo. 



High Efficiency Pool Pump 
•  Old 1980s pool pump worn out, cracked 
•  Considered several models on the 

MassSave $200 rebate list 
•  Selected Hayward® SP3400VSP EcoStar 

Variable-Speed Energy-Efficient Pool Pump, 
600-3450 RPM, 230V 
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A Worthwhile Investment! 4.1 year payback estimate by Energy Star 
calculator, compared to a conventional new pump needed anyhow. 

Pump supplied by 
www.feeleyspoolspa.com, 
Hudson, MA.  
More savings via MA Tax 
Holiday! 

Control Panel  can be repositioned for 
flexible installation via Cat5 cable 

•  “The EcoStar Variable Speed Pool Pump is 
an energy efficient pool pump that can save 
you up to 90% on energy costs.  

•  … vs. a single speed pump running 12 hours per day, 
20,000 gallon pool, Actual savings may vary…” 

•  Installed near end of 2014 season; no data yet 
•  Estimated energy use: 34% of old pump & Interval timer 

•  “Industry’s most energy efficient variable 
speed pump  

•  Super-efficient permanent magnet, totally enclosed fan 
cooled (TEFC) motor  

•  Industry leading hydraulic design” 
•  Features: 

•  24-hour clock for scheduling (battery backup) 
•  Eight programmable speeds 
•  Auto-priming capability 



Electrical Load Analysis 

•  Temperature Measuring Tools  
– Thumb 
–  IR temperature spot meter with laser V  
–  IR Thermal Imager (Also useful to find heat leaks. 

Expensive, but can be rented, e.g. from Home Depot) 
•  Electrical Measuring Tools 

– Clamp-on Ammeter, DVM, Oscilloscope 
– P3 Intertek Kill A Watt Model P4400.01 (~$25)   V     

• Easy to use for plug-in 115V devices <15A 
• Measures Cumulative Kilowatt-Hours, Time and Instantaneous 

Volts, Amps, Watts, VA, Power Factor and Frequency (Hz). 
• Useful to analyze suspect 115V loads 

–  Steady Load: Quick Watt and VA readings 
–  Varying Load: Accumulate KWH and Elapsed Time for a couple days; 

divide to get average power 
– ELITE True Power Meter ($100)  V 

• Measures Cumulative Kilowatt-Hours (accounts for Power Factor),  
Cost, Carbon FP, Temperature, & Humidity 

• Useful to analyze suspect 230V loads <200A via clamp-on current 
probes inside main panel; wireless transmission to display 

• Now monitoring heat pump water heater (see earlier chart) 
• Can monitor other loads or whole house by moving clamp-on 

probes within main panel 
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Test Equipment: One 
measure of project  
success is new tools 
rationalized! 

If its electric and not a heater but gets hot, power is being wasted! 

Bolton Library has one that 
you may check out 



Vampire Hunt 
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• Focused on plug-in devices that consume 
power 24-7, even when “off”… aka 
“Vampires” http://en.wikipedia.org/wiki/Standby_power 

• Suspect Vampires everywhere that 
– Have a remote, memory, or clock 
– Get warm 

• Main Tool was the Kill A Watt 
• Many Plug-In Power supplies     

•  Transformers (13) 
-  Heavier 
-  Older 
-  Less efficient 
-  Vampire current up to 5W, 

even with device “off: 

•  Switching (9) 
-  Lighter 
-  Newer 
-  More efficient 
-  Vampire current ~0 

OK to leave 
connected 

Need 
Mitigation 

Example Mitigation: Ikea 
High Intensity Lamp. Turn 

it on/off BEFORE the 
transformer using a Handy 

Switch. 

Example Mitigation: 
Multiple loads. Use a 

switched outlet strip or 
Handy Switch + Cube Tap 



• 174 measurements (Spreadsheet 
available) 

• 66 were 24-7 Vampires, totaling 
470W (11.3 KWH/day!) 

– 8 were over 10W  
– Saved128 W via 6 easy 

mitigations 
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* May be time to go streaming from internet 

2 free with 
audit (~@
$30)  

24/7 Savings: 3.1KWH/Day or $16.59/Month = 8% of 
pre-solar usage. Helped get our solar fraction to ~ 95%! 

40.90	  

26.30	  
38.92	  

18.65	  

0.00	  3.09	  

24-‐7	  Savings,	  WaQs	  (Total=127.85)	  

Unplug	  un_l	  needed	  

Smart	  Strip	  

Put	  on	  daily	  _mer	  

Add	  Control	  Switch	  

Nothing	  

Unplug	  during	  travel	  

Mitigation Strategy 

Key Kill A Watt Vampire Findings  

Lesson: Don’t shut off the internet if you want to be 
able to monitor the Solar PV system while travelling 

Recently Replaced 1980s Kenmore 15 ft3 chest 
freezer with new Energy Star 21ft3 Upright Frigidaire 

•  Vampire Power measured decreased  from 
67.1W to 56.8W 

• More Volume @ Less floor space 
•  Easier access 
•  $20 MassSave rebate 
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• Cable Boxes are Notorious Vampires 
– Often cited as just behind refrigerators in 24/7 energy usage 
– Confirmed in findings of preceding chart 

• Our Xfinity (Comcast) Cable Boxes 
– Family Room: DVR Cable Box                   28W 24/7 

•  NO SOUTION YET. Turning it off looses channel lineup and prevents recording 
•  May be time to go streaming from internet 

– Bedroom: Xfinity simple HD Cable Box     12.2W  
•  Used only when we can’t agree on what to watch 
•  Put it on a remote controlled smart strip with TV, live without immediate channel lineup 

• Technical solutions have been available for years 
– “Power-Sucking Cable Boxes Will Use Less Energy” 
[http://www.sustainablebusiness.com/index.cfm/go/news.display/id/25415] 
–  “A "light sleep" function will power down the device when the unit isn't in use 

and a prototype that allows "deep sleep" will be tested next year.” 
• But the answer from Xfinity (Comcast) remains        >>>>> 

Cable Box Vampires – A Sad Story 

Not only do they hose us with huge costs for bloated packages; they 
make us waste energy as well! 

Note: personal opinion not necessarily supported by Bolton Access TV 
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Other Electrical Mitigations 
• Brewing Coffee 

– Keurig  K-cup  50WH/Cup 
– Braun 10 Cups  24WH/Cup 

• Family Room Entertainment Center 

*46” Samsung LED-Backlit 3D LCD, 150Wx7Channel JVC Receiver, Sony Blue Ray, Toshiba 
DVD/VCR Receiver, Sony CD Carousel, Dual Turntable, Teac ACR, Homemade Powered 
Subwoofer, Homemade Smart Strip 
**Added new  Activity to Logitech Universal Remote 

Minimizing Surround 
Sound use saves ~124 W 
…and we appreciate it 
more when it’s on! 

•  Old X10 system transmits data 
via power lines 
•  Overcame unreliability by 
using 2 timers and programming 
multiple commands 

Appliance Module has 
relay; works with any 

load, but can’t dim 

Every Watt counts…many small savings 
add up to significant benefits! 

• Christmas Lights 
– Replaced Ancient Incandescents with LEDs years ago 

• Daily Timers 
– Many loads can get by with far less than 100% duty cycle 
– Programmed X10 timer  (4 independent channels) 

o Post Lights (29% duty cycle- On at dawn and sunset) 
o First Floor (48% duty cycle) Humidifier, Recliners, etc. 
o Christmas Lights (33% duty cycle- On at dawn and sunset) 
o Basement (62.5% duty cycle) Dog Radio Fence, Xfinity  
    Phone Modem, battery chargers  

• Lighting 
– See Following Charts 

Survey of home networks; http://simply-automated.com/blog/2014/10/home-automation-white-paper/   



Lighting 
•  Most Incandescents already replaced with CFLs 

or LEDs 
–  Saved 276W by replacing 5 60W incandescent 

candleabra lamps with 4.8W 300 Lumen Feit LEDs. A 6th 
had to remain incandescent so the X10 dimmer would 
work. Dining room overall much brighter! 

•  As CFLs fail, we’re replacing them with LEDs 
•  LEDs Getting cheaper; some NG subsidized 
•  More efficient than CFL   V 
•  Work well cold 
•  Usually dimmable 
•  No environmental issues 
•  Range of  color temps…..   V 
•  There are even variable (2700K-6500K) color    V    

Temperature LED Bulbs! 
•  And lamps like the Stella  V 

–  2800K or 5500K LEDs 
–  ~4000K @ both on 
–  Non-Vampire power 
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www.shiningligh_ng.com	  

LED Replacements for fluorescent tubes have 
been expensive..until recently..see next chart 

100W equiv. LED claimed most 
efficient; 1600 lumens/12W 3000K but $35 
and not dimmable or energy Star 

F-117                
Stealth          Fighter 

Technology	  gone	  too	  far?	  

What look like 
filamants are LEDs!  



Replacing Fluorescent Lighting 
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4-‐Foot	  T8	  LED	  Tubes,	  in	  order	  of	  Availability	  
Brand	   Source	   Switc

h?	  
Cord?	  W	  	   VA	  	   PF	  	   COLOR	  

°K	  
Lu-‐	  
mens	  

Cost	   Lumens
/W	  

Lumens/
$	  

Lithonia	   HD	   YES	   YES	   42.1	   42.2	  1.00	   4000	   2900	   $100	  	   68.9	   29.0	  
U_litech	   Lowes	   NO	   NO	   19.5	   20.3	  0.96	   4000	   1800	   $40	  	   92.3	   45.0	  
Feit	  
73992	  

Wal-‐	  
mart	  

YES	   YES	   18.7	   18.8	  0.99	   4100	   1850	   $25	  	   98.9	   74.0	  

Forest	  
T8T441	  

Earth	  
LED	  

NO;	  T8	  re-‐	  
placememt	  

18.2	   18.6	  0.98	   4100	   1900	   $17	  	   104.4	   111.8	  

Samsung	   “	   “	   16.5	   4000	   1750	   $18	   106.1	   97.0	  

•  We had ~15 dual 4’ 80W fluorescent “Work light” fixtures in basement and garage 
•  As LED tubes became more available and affordable, we replaced those most utilized 

Saved 463 Watts and 
Improved Power Factor! 

1 
1 
1 

9 

Ground Wire 
(Included) 

Most recently, ordered 9 ( enough for free shipping) Forest T8T441 
•  Designed to replace old fluorescent tubes in their fixtures 
•  Wire 115V to one end, discard ballast, add ground & label  >> 
•  One LED is as bright as 2 old tubes,  
  but you can really be dazzled with 2! 



Lighting Control 
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Lesson: Don’t surprise your 
family…Discuss changes first! 

• Motion Sensing Controls  
– Can save energy by turning lights 

off when not needed 
– Convenient to have lights turn on 

automatically 
– Library’s Resource room has it 

Using electronic controls designed for 
incandescent lamps to operate LED or CFL 
without flicker 

~4W Night Light 
Incandescent in 
parallel 

LED  
(or CFL) 

•  Utilitech (Lowes)* 
–  No adjustments 
–  Wireless sensor, 100’ 

range, 3 AAA batteries 
–  No light detector 
–  Annoying shut off after 

10 minute delay 

BEST 

•  Lutron (Home Depot) 
–  Selectable delay (1, 5, 

15, or 30 Min.), 
Sensitivity (low or high) 

–   Light sensing “learns” 
–  All bulb types 

•  GE (Walmart)* 
– Good sensitivity and 

delay adjustments, but 
ambient light detector 
doesn’t work (3) 

 * Incandescent only, but 
works with fluorescent  

If you can hear it click, it has a relay and 
can switch any bulb type (AC) 

-  But be careful!! 
-  Need to balance ‘improvements” 

against perceived quality of life 



More Electrical Conservation Measures   
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• Limit energy wasted by forgetting to           
turn things off 
•  Count Down Timers 

- Old mechanical type 0-30min 
- Electronic 0-24 hrs, 1 minute increments 

•  Pilot Lights  Electronic Timer for 
Bathroom Vent Fan 

Motion Detector for 
Bathroom Lights 

•  Daylight Sensors 
– On at dusk 
– Off after X hours or 
– Off at Dawn 
– Good while on 

travel 

Attic Pilot Light; Leviton 
Illuminated single pole 
switch Internally re-wired 
so the neon indicator is in 
parallel with the load 

Green Neon Indicator (RadioShack) 
– UW Pool light 243W 

Red Neon Indicator 
(RadioShack) – Patio 
Floodlights 231W 

Before Pilot 
Lights, both got 
left on over a 4-
day trip, wasting 
46KWH ($10.80) Red flags not enough 

•  RF Remote Switches 
–  Controls 3 devices, e.g. 

•  2nd Cable box 
•  Attic TV Antenna Amplifier 
•  Furnace Fan (receiver needed mod) 

–  Need 2nd set on same freq. to get 
another transmitter 

–  Transmitter with on and off is better 



Other Conservation Measures 

• Dryer Vent Heat & Humidity Recovery (Installed in 2014 January) 
• Clothes Lines (Basement in winter; outside in summer - Retired) 
• Heat & Humidity Capture during winter 

–  During showers, turn on furnace blower via RF remote instead of 
bathroom vent 

–  With a combination tub unit, or if you prefer baths to showers, you can 
also capture the heat & humidity by closing the drain until later 

•  Hot Water Tank Blanket (Bought a 48” x 25’ roll of Reflectix for the 
ATI-66) 
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Bigger filter made 
from Home Depot 

Stuff 

Lesson:  
Buy Only: 



Conservation Results	  
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Improving	  Conserva_on	  	  

2013	  2014	  

Cum Energy from PV Solar 
(Production Meter) 

Cum Energy from 
NG (Net Meter) 

During its first 21 Months of operation, our Solar PV System provided 
over 95% of our electrical power! And it’s improving due to conservation. 

(From Part 2 PV Performance) 	  

Conservation is working….2014 was better in every 
month than 2013! Overall reduction of 32% in electricity 
usage..and all mechanisms weren’t there all year. 

2014 Dec Less than 
40% of 2013 Dec! 

Power usage = National Grid + Solar	  



Geothermal HVAC (Just Beginning Research) 
• Heat within Earth since planet 
formation via radioactive mineral 
decay; harvested in regions close to 
tectonic plate boundaries [wiki] 

Copyright	  ©	  2014	  Anthony	  Jagodnik.	  All	  rights	  reserved.	   22	  

[Tractec.in] 

Oldest known pool fed by a hot 
spring, built in the Qin dynasty in the 
3rd century BC.[wikipedia] 

[cappyheating.com] 
Closed  
Loop 

[Smith 
Sustainable 

Design] 

• And from solar energy absorbed at 
surface; maintains mean annual 
temperature below ~10M. [wiki] 

• Harvest anywhere using ground source 
heat pumps; capacity growing ~10%/
year [wiki] 

Example: “Geothermal Installation Summary” by 
Raytheon Retiree Peter Dunham (BackUp) 

Of Interest- we already 
have 2 wells! (Backup) 

Why not air source (e.g. mini-split)? 
• Need backup for colder WX 
• Don’t use existing FHA ducts 



Potential Future Projects 
•  Continuing Conservation  

–  Get an ENERGY STAR Deep Sleep DVR from Comcast, when available, or switch to internet streaming 
–  Explore high-efficiency variable speed PM motors, like the pool pump, for furnace/AC blower, well, etc. 
–  Consider more Energy Star devices with MassSave rebates 

•  $200	  rebate	  on	  qualified	  high	  efficiency	  clothes	  dryers	  ;	  heat	  pump!	  
hJp://www.energystar.gov/about/awards/awards-‐archive/2013-‐emerging-‐technology-‐award-‐advanced-‐
clothes-‐dryers	  

•  Up	  to	  $500	  on	  central	  Heat	  pump	  hJp://www.masssave.com/residen_al/offers/13-‐coolsmart 
•  Solar PV Off-Grid DC, add panels on garage 

–  Attic ventilator & Hot water assist (using back-up element and MPPT controller)? 
–  Initial evaluation: with heat pump HW, it’s better to add more Grid-Tie panels;  

Off-grid Makes sense if you don’t already have heat pump HW.  See Backup. 
•  Expand Grid-Tie Solar PV, add panels on garage 

–  Not necessary until our load increases, e.g. future Tesla or geothermal heat pump 
•   Consider adding storage…battery from junk yard Prius? 
•  Old vacuum tube collectors to heat pool 
•  Old HW heat exchanger to pre-heat HW using Greywater 
•  Replace A/C with Heat Pump (probably ground-source geothermal)? 

–  Revert oil burner to backup for very cold weather if we go with air-source 
•  Consider new MA law, effective 2015 Jan, that makes renewable energy heating cheaper43. 

–  “..creates renewable energy credits for the production of thermal energy – energy used for heating and cooling. This could 
include the use of solar panels, wood pellet stoves and boilers, geothermal heat pumps, and a range of technology that uses 
hot water, solar, biomass or other renewable energy forms to generate heat. 

–  Like SREC, but up front to defray installation cost and accelerate payback 
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In new construction, specify 
separate greywater and 
blackwater drains, an 
energy corner, a big simple 
roof oriented close to 
South, solar raceways, 
FHA, and super insulation. 
You can then add Solar, 
etc. later. And don’t allow 
anything tall to grow to the 
South! 



Future PV Technical Trends  
• Continuing refinement of crystalline & thin film PV panels, inverters, & batteries  
• Double Sided PV Solar Panels 

–  “Israeli photovoltaics developer bSolar has developed a double-sided solar cell it claims can boost the energy 
yields of solar panels by up to 50 percent when installed vertically, or by between 10 and 30 percent in more 
typical installations.” [http://www.gizmag.com/bsolar-double-sided-solar-cells/23169/] 

• Solar Windows 
– “Nova Solar uses a special quantum dot polymer that absorbs harmful UVB light and refracts it laterally along the 

window’s glass. …. [at] the edges of the glass …PV cells … collect it, with special micro converters then turning it 
into electricity.” [http://www.geekwire.com/2014/nova-solar-technologies-2/] 

–  “Solar glass is a type of glass integrated with thin-film PV panels. ….Thin-film materials are doped between two 
layers of the glass and form their own PV tilt. It makes windows, skylights, and doors use part of the glass to 
produce electricity and the rest let in light”.
[http://www.solartown.com/blog/2012/07/look-up-in-the-sky-its-a-solar-panel-solar-skyscrapers-are-on-the-rise/] 

• New PV Solar Panel Technology; Perovskites Instead of Expensive Silicon or GaAs 
–  “5 years ago, a new photo voltaic material made a rather low-key entrance on the solar power scene…. known as 

perovskites, and a solar cell made from it converted light into electricity with an efficiency of just 3.8 
percent…..Fast forward to 2014 and perovskites are soaring higher than anyone could have hoped. … materials 
scientist Yang Yang at UCLA, revealed that his lab had made a 19.3-percent-efficient perovskite cell” 45.      V 

–  “Scientists at MIT have concocted what could become the ultimate in green energy: a solar panel made out of 
hazardous waste…. making perovskite solar cells using the lead from recycled car batteries. The technique can 
be done in a low-temperature, benign process that’s simpler than today's methods …. their experimental solar 
cells matched the efficiency of many commercial silicon cells….. 46. 

[The Bolton Independent, Aug 29, 2014, “Solar Panels form Old Lead Batteries”] 
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"Predictions are really hard, especially about the future." -- Yogi Berra 

“All the cool solar-cell scientists are working on perovskite photovoltaics” 
See Best Research Cell Efficiencies in BackUp  

But new technology takes 
many years to productize 



Questions? 	  

tonyjag@comcast.net	  
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•  There is a low cost alternative for hot water: Off-Grid PV panels instead of heat transfer fluid. 
–   http://techluck.com/ 

•  Key is the MPPT (Maximum Power Point Tracking) controller, 
–  Enables direct connection of PV panels to the rarely-used lower element of an electric HW heater 
–  Keeps load on PV at the optimum power point 
–  Switched DC; No Inverters 
–  $265 on eBay 

http://www.ebay.com/itm/Solar-Water-Heater-EZ-Kit-Save-No-Pipe-Changes-Hot-Water-System-PV-MPPT/251773427772?
_trksid=p2047675.c100011.m1850&_trkparms=aid=222007%26algo=SIC.MBE
%26ao=1%26asc=20140602152332%26meid=959e1d773100417eaecf92e5a1fddb0e%26pid=10001 

•  I really like this concept and think it makes a lot of sense for those having a conventional electric HW tank.  
•  And it will get even more affordable as PV panel costs continue declining.  
•  But if you already have (or are planning) a heat pump hot water tank and Solar PV, it is more efficient to just add 

more PV panels. 
–  Our AirTap ATI-66 heat pump HW heater has a 4KW completely- unconnected lower element as a backup, ideal for use with this controller. 
–  I was thinking about installing another 4 panels on the garage to run this and possibly an attic vent off-grid. 
–  But our usage of 3 KWH/day for hot water  is based on the increased efficiency of the heat pump, plus the better insulation and smaller size of the 

new AirTap tank.   
–  This MPPT can only drive a purely resistive load, so cannot drive the reactive-load compressor and fan to exploit the heat pump efficiency.  
–  The heat pump also wouldn't work well or at all with switched DC. 
–  I have estimated that the new tank, with purely resistive heating would use about 5.7 KWH/day, better than 7.1 KWH/day for the old  1985 vintage115 

gallon solar tank because of it's better insulation and smaller size.  
–  Our 33-panel PV system has produced 10858 KWH over 364 days, or 29.83 KWH/day average. 
–  A 4 panel system without the 96% efficient microinverters would produce a year-around average of 3.76KWH/day, or about 66% of what would be 

needed for resistive heating of our hot water, without any attic fan.  

–  So if I were to add more panels to further reduce power for Hot Water, analysis shows that it would be more efficient to expand the existing grid-tie PV 
system, which makes AC that the heat pump can use.  

–  But we probably won't do that because we are almost grid independent already-- ten $0 electric bills in a row and we might have built up enough 
credit with NG to get through the winter.  

Low-Cost PV Solar Hot Water 

Copyright	  ©	  2014	  Anthony	  Jagodnik.	  All	  rights	  reserved.	   28	  

Very low cost Solar HW system without 
the drawbacks of liquid systems. 

So even though our Airtap HW tank has an unused lower element that would work perfectly with the MPPT, it's still 
resistive heating and not as efficient as the heat pump, which is already powered mainly by PV. 



Geothermal	  Installa_on	  Summary	  -‐	  
2013	  Northeast	  

Peter	  Dunham	  

2015	  March	  27	  	  
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• 	  New	  Construc_on	  
• 	  Hea_ng	  –	  Cooling-‐	  Ven_la_on	  
• 	  Block	  Diagram	  
• 	  Performance	  
• 	  Comments	  	  



New	  Construc_on	  

•  Goals	  
–  Lowest	  long	  term	  energy	  cost/minimum	  carbon	  footprint	  
–  Affordable	  

•  Construc_on	  Summary	  
–  3216	  sq.	  q.	  +	  2076	  sq.	  q.	  basement	  heated	  and	  cooled	  
–  Energy	  Star	  Cer_fied	  

•  Agri-‐balance	  open	  cell	  foam	  in	  place	  walls	  (R-‐21)	  and	  ceilings	  (R-‐40)	  
•  Foam	  planks	  on	  basement	  walls	  (R-‐11)	  and	  under	  basement	  floor	  (R-‐6)	  
•  Windows	  (U=.29)	  
•  Framing	  sealed	  at	  all	  interfaces	  
•  Measured	  infiltra_on	  at	  50	  pascals	  850	  cfm	  
•  All	  appliances	  Energy	  Star	  
•  >	  75%	  ligh_ng	  LED	  or	  fluorescent	  

[Peter	  Dunham]	  	  
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Hea_ng	  –	  Cooling	  -‐	  Ven_la_on	  

•  Geothermal	  Heat	  and	  Cool	  
–  60,000	  BTU	  Ground	  Source	  Heat	  Pump	  system	  

•  5	  ton	  60,000	  BTU	  compressor	  
•  Copper	  earth	  tap	  array	  with	  10-‐70	  q.	  Earth	  Taps	  
•  Refrigerant	  to	  hot	  water	  heat	  exchanger	  for	  DHW	  
•  80	  gal	  electric	  heater	  to	  heat	  last	  15°-‐20°	  for	  DHW	  
•  High	  Efficiency	  LP	  furnace	  with	  5	  ton	  coil	  and	  variable	  speed	  blower	  
•  HEPA	  air	  cleaners	  
•  4	  zone	  (2000	  cfm)	  duct	  system	  and	  controls	  

– Heat	  Recovery	  Ven_lator	  
•  50-‐100-‐153	  cfm	  three	  speed	  

[Peter	  Dunham]	  	  
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Block	  Diagram	  

[Peter	  Dunham]	  	  

1.	  Closed	  loop	  ver_cal	  loop	  
system	  uses	  refrigerant	  
throughout.	  
2.	  	  Earth	  tap	  probes	  ~	  6	  
feet	  apart	  at	  the	  top;	  
angled	  outward.	  	  	  
3.	  Holes	  drilled	  by	  a	  typical	  
well	  drill	  (3in).	  
4.	  Probes	  are	  concentric	  
copper	  tubes	  inserted	  into	  
the	  holes	  and	  filled	  with	  a	  
thermal	  grout.	  
5.	  Manifold	  and	  
connec_ons	  through	  
founda_on	  all	  
underground;	  not	  expected	  
to	  need	  servicing.	  
6.	  	  Anode	  for	  corrosion	  
protec_on;	  power	  supply	  in	  
the	  house. 

 Second hot water tank is electrically 
heated.  The first tank normally reads about 
95 degrees – the second tank then heats it 
up to the desired use temperature.  
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Performance	  

•  First	  full	  year	  2014	  
–  Electricity	  total	  (all	  uses)	  $2,383	  [17.86	  
MWH]	  

–  Propane	  (incl.	  gas	  fireplace)	  $18	  
•  Es_mated	  investment	  recovery	  

–  Est.	  add’l	  cost	  of	  system	  +	  insula_on	  aqer	  
rebates	  $25,000	  

–  Est.	  heat/cool	  energy	  savings	  $1,800	  [13.5	  
MWH	  =	  ~347	  gallons	  of	  oil]	  annually	  

–  Est.	  payback	  14	  yrs	  
–  No	  reference	  to	  validate	  

[Peter	  Dunham]	  	  

House is all electric . 
Main Loads beyond 
HVAC: 
• Dryer, 
• Front load clothes 
washer 
• 5 element cooktop  
• Double convection oven 
• Microwave 
• Dishwasher 
• Central vacuum 
• Well pump 
• 4 gal hot water heater at 
the other end of the 
house from the main tank 
to provide near instant 
hot water     
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Comments	  
•  Advantages	  

–  Easy	  to	  heat	  (our	  set	  point	  is	  low	  -‐	  67°)	  
•  Feb	  2015	  (coldest	  in	  over	  100	  yrs)	  used	  ~60	  gal	  propane	  

–  Easy	  to	  cool	  –	  house	  is	  heavily	  shaded	  
•  Compressor	  runs	  infrequently	  –	  does	  not	  lower	  humidity	  enough	  

–  Quiet	  
•  Issues	  

–  Geothermal	  equipment	  immature	  (2012)	  
•  Need	  2	  or	  variable	  speed	  compressor	  (now	  available)	  
•  Need	  beJer,	  more	  complete	  controls	  (I	  have	  augmented	  my	  
system)	  

–  Design	  of	  very	  _ght	  homes	  for	  livability	  immature	  
•  S_ll	  need	  humidity	  control	  (humidify	  and	  dehumidify)	  
•  Design	  for	  ven_la_ng	  mul_ple	  zones	  difficult	  

[Peter	  Dunham]	  	  
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Geothermal For Us? 
• Objec_ve:	  Poten_al	  replacement	  for	  old	  Central	  Air	  and	  possibly	  oil	  burner	  to	  reduce	  summer	  
electrical	  load	  and	  winter	  oil/wood	  usage	  

• Prefer	  ver_cal	  well	  type,	  	  
– 	  Already	  2	  deep	  wells	  available.	  May	  be	  suitable	  as	  open	  loop	  system…up	  one,	  down	  the	  other	  
– 	  Don’t	  want	  to	  dig	  up	  property	  to	  install	  coils	  in	  trenches,	  thus	  horizontal	  is	  out	  

• Duct	  Design	  (1977	  by	  Falconi)	  
- Heat	  Load:	  42078	  BTU/h	  
- Cooling	  Load:	  18028	  BTU/h	  
- CFM	  air	  flow:	  540.9	  CFM	  

• Furnace	  
- Williamson	  FHA,	  1978	  Temp-‐O-‐Ma_c	  Hi-‐Boy,	  105,000	  in	  84000	  out	  	  BTUh	  
- Type	  AF	  oil	  burner,	  upgraded	  once,	  
- added	  valve	  that	  shuts	  off	  air	  when	  not	  running,	  eliminated	  draq	  control	  that	  sucked	  air	  from	  basement	  
- 0.75	  gal/hour	  nozzle	  
- 6”	  stove	  pipe	  to	  it’s	  own	  flue	  
- 1/3	  HP	  squirrel	  cage	  blower,	  variable	  belt	  drive	  
- Electrosta_c	  air	  cleaner	  
- Might	  retain	  for	  backup	  heat	  &	  air	  circula_on	  blower	  (Likely	  to	  retrofit	  high	  efficiency	  motor)	  
- Uses	  345Gal/year,	  equivalent	  to	  13.4	  MWH	  (Total	  electricity,	  including	  A/C	  =	  11.59	  MWH	  for	  2014)	  

• Wood	  Stove	  
- Central	  on	  first	  floor,	  below	  air	  return	  that	  circulates	  heat	  throughout	  house	  
- Garrison	  One,	  ~1978	  air-‐_ght,	  soapstone	  top,	  8”	  stove	  pipe	  to	  it’s	  own	  flue	  
- Would	  retain	  for	  backup	  heat	  	  

• Central	  air	  Split	  with	  Compressor	  outside,	  Coils	  above	  FHA	  furnace	  
- Hamilton	  Winchester	  0241BD	  	  
- 12	  SEER	  24KBTU/h	  2	  Ton	  
- Installed	  2000;	  Home	  Depot	  kit	  with	  pre-‐charged	  tubing	  
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Practical Region for 
Residential Solar 

Perovskites 
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