
Energy	
  Efficiency	
  is	
  Cri-cal	
  	
  
in	
  Off-­‐Grid	
  Design!!	
  
�  Small	
  Energy	
  Loads	
  Translate	
  into	
  Smaller	
  Solar/Battery	
  
Systems.	
  

�  Example	
  Solar	
  System	
  
�  Southcentral	
  Off-­‐Grid	
  Solar	
  System	
  
�  Designed	
  to	
  Supply	
  about	
  All	
  of	
  April	
  –	
  August	
  Load.	
  

�  Generator	
  Supplement	
  for	
  other	
  Months	
  

�  Every	
  additional	
  1	
  kWh	
  of	
  Monthly	
  Load	
  adds	
  $80	
  to	
  Installed	
  
Cost	
  of	
  System	
  (plus	
  additional	
  fuel	
  for	
  winter	
  months).	
  	
  This	
  includes	
  
benefit	
  of	
  Tax	
  Credit.	
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Tools	
  for	
  Determining	
  Energy	
  Use	
  

� Yellow	
  EnergyGuide	
  Label	
  
� Online	
  Search	
  
� Measure	
  it!	
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At	
  Home	
  Depot:	
  



Television	
  Efficiency	
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Search	
  for	
  “Most	
  
Efficient	
  Television”	
  to	
  

find	
  this	
  



Refrigerator	
  Efficiency	
  

Search	
  for	
  “Most	
  
Efficient	
  Refrigerator”	
  

to	
  find	
  this	
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2-­‐Tube,	
  4’	
  “Fluorescent”	
  Fixture	
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Search	
  for	
  “LED	
  Tube”	
  
to	
  find	
  this	
  



60	
  WaL	
  Equivalent	
  Light	
  Bulb	
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Incandescent	
  Bulb?	
  	
  	
  
Forget	
  about	
  it!	
  	
  

($600	
  Solar	
  System	
  cost	
  savings)	
  

Philips	
  Lighting	
  has	
  a	
  60	
  Watt	
  Equivalent	
  bulb	
  
using	
  8	
  Watts,	
  although	
  it	
  is	
  Daylight	
  color.	
  



Off-­‐Grid	
  Design	
  Issues	
  	
  
	
  

�  EE	
  first	
  -­‐	
  Design	
  approach	
  –	
  Weighing	
  your	
  options	
  
	
  

�  Being	
  an	
  Energy	
  Manager	
  	
  	
  
	
  

�  Year	
  around	
  use?	
  -­‐	
  Deep	
  Winter	
  Solar	
  Power	
  tradeoffs	
  
	
  
�  Be	
  realistic	
  	
  

�  	
  I	
  have	
  a	
  2,000	
  sq/foot	
  house,	
  what	
  size	
  solar	
  array	
  do	
  I	
  need?	
  
�  How	
  much	
  money	
  are	
  you	
  willing	
  to	
  spend	
  to	
  simulate	
  your	
  luxurious	
  grid-­‐

tied	
  life.	
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Audit	
  –	
  Add	
  everything	
  up	
  	
  
EE	
  first	
  -­‐	
  Design	
  approach	
  –	
  Weighing	
  your	
  op-ons	
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Audit	
  –	
  Add	
  everything	
  up	
  	
  
EE	
  first	
  -­‐	
  Design	
  approach	
  –	
  Weighing	
  your	
  op-ons	
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� What	
  do	
  you	
  already	
  have?	
  How	
  does	
  it	
  fit	
  together?	
  
�  Generators	
  
� Well	
  
�  Battery/inverter	
  space	
  
�  Area	
  for	
  the	
  solar	
  panels,	
  where	
  is	
  it?	
  	
  
� DC/AC	
  
�  3	
  phase	
  or	
  single	
  phase	
  



What	
  does	
  the	
  future	
  hold?	
  
EE	
  first	
  -­‐	
  Design	
  approach	
  –	
  Weighing	
  your	
  op-ons	
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Well	
  Pump	
  

Retirement	
  

Net	
  Zero	
  Goal	
  



Off-­‐Grid	
  Systems	
  Require	
  an	
  Energy	
  Manager	
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� Can	
  you	
  manage	
  each	
  of	
  these	
  electrical	
  loads	
  	
  
(current	
  and	
  future)?	
  	
  

� Understand	
  risks	
  and	
  plan	
  ahead.	
  

Well	
  Pump	
  

Retirement	
  –	
  
More	
  use	
  

Net	
  Zero	
  Goal	
  



Off-­‐Grid	
  Systems	
  Require	
  an	
  Energy	
  Manager	
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� Can	
  you	
  manage	
  each	
  of	
  these	
  electrical	
  loads	
  	
  
(current	
  and	
  future)?	
  	
  

� Understand	
  risks	
  and	
  plan	
  ahead.	
  

•  Peak	
  power	
  

•  Daily	
  power	
  	
  

•  Weekly	
  routine	
  

•  Phantom	
  Loads	
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•  Decided	
  how	
  much	
  back-­‐up	
  (fossil	
  fuels)	
  you	
  are	
  willing	
  to	
  use.	
  	
  	
  	
  	
  
Look	
  at	
  costs	
  $$$	
  

•  Too	
  expensive	
  ….	
  Re-­‐evaluate	
  -­‐	
  Are	
  there	
  things	
  you	
  can	
  mange	
  better	
  or	
  eliminate	
  to	
  
save	
  money?	
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Off-­‐Grid	
  Systems	
  Require	
  an	
  Energy	
  Manager	
  	
  
EE	
  first	
  -­‐	
  Design	
  approach	
  –	
  Weighing	
  your	
  op-ons	
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� Relationship	
  between	
  components	
  

Peak	
  power	
  
	
  
	
  
Daily	
  power	
  	
  
	
  
	
  
Weekly	
  routine	
  
	
  
	
  
Phantom	
  Loads	
  

Inverter/Charger	
  	
  -­‐	
  3	
  phase	
  or	
  Single	
  	
  -­‐	
  Important	
  
in	
  ability	
  to	
  properly	
  recharge	
  batteries	
  and	
  handle	
  
peak	
  loads	
  
	
  
Battery	
  Bank	
  Size	
  (A/hr	
  and	
  Volt)	
  
	
  
	
  
Generator	
  Size	
  –	
  Important	
  in	
  ability	
  to	
  properly	
  
recharge	
  batteries	
  –	
  related	
  to	
  Inverter/Charger	
  	
  
Important	
  in	
  ability	
  to	
  carry	
  peak	
  loads	
  
	
  
Solar	
  array	
  size	
  and	
  solar	
  charge	
  controller	
  –	
  
Important	
  to	
  keep	
  batteries	
  charged	
  –	
  easily	
  
adjusted	
  -­‐	
  	
  Not	
  the	
  big	
  decision	
  here.	
  	
  



Off-­‐Grid	
  Design	
  Issues	
  	
  
	
  

�  EE	
  first	
  -­‐	
  Design	
  approach	
  –	
  Weighing	
  your	
  options	
  
	
  

�  Being	
  an	
  Energy	
  Manager	
  	
  	
  
	
  

�  Year	
  around	
  use?	
  -­‐	
  Deep	
  Winter	
  Solar	
  Power	
  tradeoffs	
  
	
  
�  Be	
  realistic	
  	
  

�  	
  I	
  have	
  a	
  2,000	
  sq/foot	
  house,	
  what	
  size	
  solar	
  array	
  do	
  I	
  need?	
  
�  How	
  much	
  money	
  are	
  you	
  willing	
  to	
  spend	
  to	
  simulate	
  your	
  luxurious	
  	
  

grid-­‐tied	
  life.	
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�  Battery	
  Issues	
  
�  Sizing,	
  maintenance,	
  type,	
  etc	
  

� DC	
  vs	
  AC	
  
�  Inverter	
  Styles	
  
�  System	
  Effieciency	
  
�  Cost	
  effectiveness	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Storage=	
  Batteries	
  
The	
  amount	
  of	
  power	
  needed	
  is	
  directly	
  related	
  to	
  how	
  many	
  
batteries	
  you	
  need	
  in	
  your	
  system.	
  If	
  you	
  use	
  very	
  little	
  power	
  
then	
  you	
  will	
  need	
  a	
  small	
  amount	
  of	
  batteries.	
  If	
  you	
  
consume	
  a	
  lot	
  of	
  power	
  then	
  you	
  need	
  a	
  larger	
  battery	
  bank.	
  
	
  
Batteries	
  are	
  the	
  heart	
  of	
  an	
  off	
  grid	
  system.	
  If	
  
you	
  have	
  bad	
  batteries	
  you	
  have	
  a	
  useless	
  
system.	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Battery	
  
Electrochemical	
  form	
  of	
  storing	
  energy.	
  There	
  are	
  
many	
  different	
  sizes	
  and	
  types.	
  But	
  the	
  are	
  classified	
  by	
  
their:	
  chemistry,	
  voltage,	
  size,	
  specific	
  energy	
  
(capacity),	
  specific	
  power,	
  (delivery	
  of	
  power).	
  

Direct	
  Current	
  (DC	
  Power)	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Types	
  of	
  Batteries	
  
	
  Automotive	
  Batteries	
  
	
  Starting	
  Battering	
  made	
  for	
  quick	
  charge	
  	
  	
  	
  	
  
	
  and	
  discharge	
  

	
  
	
  Marine	
  Batteries	
  
	
  Made	
  for	
  quick	
  discharge	
  but	
  can	
  be	
  used	
  for	
  
	
  extended	
  periods	
  also	
  

	
  
	
  Deep	
  Cycle	
  Batteries	
  
	
  Made	
  for	
  long	
  term	
  charge/discharge	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Composition	
  of	
  Batteries	
  

Lead	
  Acid	
  –	
  Constructed	
  of	
  Lead	
  Plates	
  and	
  Sulfuric	
  
Acid	
  Electrolyte	
  Solution	
  	
  
Absorbed	
  Glass	
  Mat	
  -­‐	
  Acid	
  is	
  absorbed	
  by	
  a	
  very	
  fine	
  
fiberglass	
  mat,	
  making	
  the	
  battery	
  spill-­‐proof.	
  
Thin	
  Plate	
  Pure	
  Lead–	
  Sealed	
  lead	
  plated	
  battery,	
  it	
  is	
  
lighter	
  than	
  LA	
  and	
  AGM	
  batteries.	
  
Lithium	
  Ion-­‐	
  Constructed	
  of	
  lithium,	
  the	
  lightest	
  of	
  
all	
   	
   	
  metals	
  and	
  a	
  very	
  high	
  specific	
  energy.	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Battery	
  Bank	
  Size	
  

12	
  Volt-­‐	
  The	
  most	
  common	
  battery	
  bank	
  size,	
  it	
  
requires	
  the	
  fewest	
  amount	
  of	
  batteries	
  but	
  it	
  is	
  
limited.	
  
	
  
24	
  Volt-­‐	
  This	
  system	
  size	
  is	
  generally	
  good	
  for	
  
most	
  systems	
  however	
  it	
  also	
  is	
  limited.	
  
	
  
48	
  Volt-­‐	
  This	
  system	
  has	
  the	
  highest	
  voltage	
  and	
  
therefore	
  the	
  least	
  amount	
  of	
  power	
  loss.	
  It	
  also	
  
does	
  require	
  the	
  most	
  batteries.	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Conversion	
  from	
  DC	
  to	
  AC	
  Conversion	
  from	
  DC	
  to	
  AC	
  
Batteries	
  Store	
  Energy	
  in	
  Direct	
  Current	
  DC	
  
Household	
  Appliances	
  utilize	
  Alternating	
  Current	
  
AC	
  
In	
  order	
  to	
  convert	
  from	
  DC	
  to	
  AC	
  you	
  need	
  an	
  
Inverter	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Types	
  of	
  Inverters	
  	
  
Modified	
  Sine	
  Wave	
  –	
  Output	
  is	
  similar	
  to	
  a	
  square	
  
wave,	
  which	
  works	
  for	
  most	
  appliances	
  just	
  not	
  
sensitive	
  electronics.	
  	
  
Pure	
  Sine	
  Wave	
  –	
  A	
  pure	
  sine	
  wave	
  inverter	
  produces	
  
a	
  nearly	
  perfect	
  sine	
  wave	
  output	
  that	
  is	
  essentially	
  
the	
  same	
  as	
  utility-­‐supplied	
  grid	
  power.	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Inverter	
  Sizes	
  
	
  
Based	
  on	
  DC	
  Voltage:	
  12,	
  24,	
  48	
  Volts	
  
	
  
Based	
  on	
  Wattage:	
  Maximum	
  Capacity	
  at	
  any	
  time.	
  
	
  
Based	
  on	
  AC	
  Voltage:	
  120	
  VAC,	
  240	
  VAC,	
  120/240VAC	
  

Maximum	
  Power	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Inverters	
  regulate	
  the	
  power	
  taken	
  out	
  of	
  the	
  batteries	
  
Chargers	
  regulate	
  the	
  power	
  going	
  into	
  them.	
  
	
  
If	
  a	
  power	
  source	
  is	
  not	
  properly	
  regulated	
  the	
  batteries	
  could	
  be	
  
undercharged,	
  overcharged,	
  burnt	
  out,	
  or	
  destroyed.	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

Charge	
  Cycles	
  
	
  

Bulk	
  –	
  Initial	
  Charge	
  of	
  High	
  Amperage	
  High	
  Voltage	
  
Absorb	
  –	
  Steady	
  Charge	
  of	
  Voltage,	
  slowly	
  reducing	
  
Amperage	
  

Float	
  –Trickle	
  Charge	
  to	
  “top	
  off”	
  the	
  batteries	
  voltage	
  
Equalize	
  –Maintenance	
  Charge	
  to	
  burn	
  off	
  sulfation	
  on	
  
the	
  plates	
  and	
  revive	
  battery	
  voltage.	
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Off-­‐Grid	
  Design	
  Issues	
  

JM	
  

AC	
  vs	
  DC	
  
	
  

� A	
  lot	
  of	
  people	
  think	
  that	
  it	
  may	
  benefit	
  them	
  to	
  only	
  
use	
  dc	
  appliances	
  and	
  run	
  dc	
  power	
  from	
  the	
  batteries.	
  	
  

�  Inverter	
  Efficiency	
  has	
  increased	
  to	
  96-­‐98%	
  
� DC	
  Wiring	
  has	
  to	
  be	
  upsized	
  to	
  handle	
  the	
  amperage	
  
which	
  can	
  be	
  expensive.	
  	
  

� Also	
  DC	
  appliances	
  are	
  usually	
  more	
  expensive	
  than	
  just	
  
the	
  regular	
  AC	
  appliances	
  



Alaskan	
  	
  
Off-­‐Grid	
  
Solar	
  PV	
  
examples	
  

�  3.36	
  kW	
  home	
  
�  480	
  watt	
  system	
  for	
  DC	
  LED	
  lights	
  in	
  a	
  ski	
  cabin	
  
�  11.5	
  kW	
  lodge	
  in	
  Chicken,	
  AK	
  
�  2	
  kW	
  Solar	
  Oyster	
  Farm	
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Heite’s	
  System	
  -­‐	
  3.36	
  kW	
  

30	
  

� Picture	
  of	
  Heite’s	
  System	
  

3.36	
  KW	
  Array	
  	
  
	
  
Nikiski,	
  AK	
  
	
  
Top	
  of	
  Pole	
  Mount	
  
	
  
Off	
  Grid	
  with	
  Battery	
  and	
  9	
  
KW	
  Generator	
  Backup	
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�  System	
  details	
  

XW	
  6848	
  Inverter/Charger	
  

Heite’s	
  System	
  -­‐	
  3.36	
  kW	
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�  System	
  details	
  

US	
  Lead	
  Acid	
  Battery	
  L16	
  

Heite’s	
  System	
  -­‐	
  3.36	
  kW	
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� Cost	
  of	
  Electricity	
  

Cost	
  to	
  bring	
  grid-­‐power	
  to	
  location	
  	
  =	
  	
  $27,000	
  from	
  Homer	
  Electric	
  Association	
  
Estimated	
  Electric	
  Bill:	
  240kwh/month	
  approximately	
  $67.20/	
  month	
  
Power	
  Quality:	
  Occasion	
  Blackouts	
  for	
  1-­‐2	
  day	
  periods	
  
Annual	
  Estimated	
  Energy	
  Cost:	
  $806.40	
  	
  	
  (Without	
  the	
  cost	
  of	
  Inflation	
  factored)	
  
	
  
Solar	
  PV	
  System	
  Installed	
  Cost	
  	
  =	
  $20,000	
  
Tax	
  Credit:	
  $6,000	
  
Net	
  Cost	
  of	
  System	
  $14,000	
  
Estimated	
  Generator	
  run	
  time	
  in	
  summer	
  (Apr	
  –	
  Oct):	
  0	
  -­‐10	
  hours	
  
Estimated	
  Generator	
  run	
  time	
  in	
  winter	
  (Nov-­‐Mar):	
  240	
  Hours	
  approximately	
  (240	
  
gallons)	
  
Annual	
  Estimated	
  Cost	
  per	
  year	
  for	
  Diesel:	
  	
  $875	
  	
  	
  ($3.50/gallon	
  *	
  250	
  Gallons/	
  Yr)	
  
	
  

Heite’s	
  System	
  -­‐	
  3.36	
  kW	
  



Manitoba	
  Cabin	
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AK	
  Mountain	
  and	
  Wilderness	
  Hut	
  Association	
  	
  



Manitoba	
  Cabin	
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•  Using	
  a	
  lot	
  of	
  
mantels	
  $$$	
  

•  Using	
  a	
  lot	
  of	
  
batteries	
  

•  Ski	
  groups	
  
wanted	
  lights	
  

•  Photography	
  
classes	
  …	
  	
  

•  Propane	
  
lamps	
  added	
  
to	
  humidity	
  

AK	
  Mountain	
  and	
  Wilderness	
  Hut	
  Association	
  	
  



Manitoba	
  Cabin	
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•  Using	
  a	
  lot	
  of	
  
mantels	
  $$$	
  

•  Using	
  a	
  lot	
  of	
  
batteries	
  

•  Ski	
  groups	
  
wanted	
  lights	
  

•  Photography	
  
classes	
  …	
  	
  

•  Propane	
  
lamps	
  added	
  
to	
  humidity	
  

AK	
  Mountain	
  and	
  Wilderness	
  Hut	
  Association	
  	
  



Manitoba	
  Cabin	
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•  Using	
  a	
  lot	
  of	
  
mantels	
  $$$	
  

•  Using	
  a	
  lot	
  of	
  
batteries	
  

•  Ski	
  groups	
  
wanted	
  lights	
  

•  Photography	
  
classes	
  …	
  
Audubon	
  
Society	
  ….	
  

•  Propane	
  
lamps	
  added	
  
to	
  humidity	
  

AK	
  Mountain	
  and	
  Wilderness	
  Hut	
  Association	
  	
  



Manitoba	
  Cabin	
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AK	
  Mountain	
  and	
  Wilderness	
  Hut	
  Association	
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Link	
  to	
  PDF	
  

Est:	
  4	
  90w	
  =	
  360	
  w	
  
	
  
Actual:	
  three	
  	
  160	
  w	
  =	
  480w	
  
	
  
	
  
	
  
Est:	
  Battery	
  415	
  amp/hr	
  
	
  
Actual:	
  460	
  Amp/hr	
  
	
  
	
  
Est:	
  46	
  Ah	
  day	
  
	
  
Worst	
  case	
  scenario:	
  four	
  	
  
4	
  watt	
  lights	
  left	
  on	
  
continuous.	
  =	
  32	
  Ah/day	
  
	
  
5.4	
  days	
  @415	
  A/hr	
  
	
  



Manitoba	
  Cabin	
  –	
  480	
  waLs	
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AK	
  Mountain	
  and	
  Wilderness	
  Hut	
  Association	
  	
  

Three	
  160	
  watt	
  
panels	
  
	
  
AGM	
  460	
  Amp	
  Hr	
  
Battery	
  
	
  
No	
  Back	
  up	
  
	
  
DC	
  LED	
  Lights	
  
	
  
Public	
  facility	
  
	
  
Winter	
  and	
  summer	
  
breakers	
  



Manitoba	
  Cabin	
  –	
  480	
  waLs	
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AK	
  Mountain	
  and	
  Wilderness	
  Hut	
  Association	
  	
  

Three	
  160	
  watt	
  
panels	
  
	
  
AGM	
  460	
  Amp	
  Hr	
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This solar PV system was designed and installed by our 
volunteer board members and friends of Alaska Huts.  
 
Our total installed cost was $6.25 a watt. – WINTER USE 
 
If we would have paid full price for equipment, labor @20/
hr, and gas expenses, our true cost would have been about 
$10.30 a watt installed.  
 
This is a 480 watt system, for $3,000. We are very thankful 
to everyone who helped to make this project a success.	
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Alpine	
  Holdings	
  Inc.	
  	
  
EE	
  UPGRADE	
  
In	
  two	
  locations	
  (Tok	
  and	
  Chicken	
  ,	
  AK)	
  

LED	
  lights	
  
410	
  Bulbs	
  changed	
  out	
  

•  $22,473	
  	
  Total	
  Project	
  Cost	
  
•  $5,618	
  	
  	
  	
  	
  REAP	
  25%	
  EE	
  Grant	
  
•  ≈	
  $7,000	
  	
  less	
  than	
  projected	
  
due	
  to	
  LED	
  cost	
  decline	
  

8,591	
  	
  kWh/yr	
  	
  	
  saved	
  (w/GHG	
  Calc	
  .914)	
  
7,168	
  	
  kWh/yr	
  	
  	
  saved	
  on	
  electric	
  bill	
  
Approximately	
  $8,521	
  saved	
  annually	
  

Energy Efficiency 



Alpine	
  Holdings	
  Inc.	
  	
  
Renewable	
  Project	
  –	
  Solar	
  PV/	
  Battery	
  system	
  
Chicken	
  ,	
  AK	
  

11.5	
  kW	
  Solar	
  PV	
  (4	
  poll	
  mounts)	
  

•  $33,047	
  Total	
  Project	
  Cost	
  
•  $5,871	
  REAP	
  25%	
  EE	
  Grant	
  

	
  

•  Two	
  year	
  average	
  of	
  	
  8.8	
  kWh/yr	
  	
  production	
  
•  810	
  hours	
  of	
  Generator	
  OFF	
  time	
  
•  ≈	
  $5,000	
  savings	
  in	
  diesel	
  fuel	
  and	
  generator	
  maintenance	
  per/yr	
  
•  Recommendations:	
  Build	
  the	
  full	
  size	
  of	
  the	
  system	
  up	
  front!	
  

	
  

Renewable Energy 



Pristine	
  Products	
  
Solar	
  PV	
  for	
  Oyster	
  Farm	
  –	
  April	
  2015	
  

2	
  KW	
  Solar	
  Array	
  
Breaker	
  box	
  
Charge	
  controller	
  (Outback)	
  
Battery	
  bank	
  24v	
  
Efficient	
  electric	
  motor	
  	
  
Paddle	
  wheel	
  

•  $14,951	
  Total	
  Cost	
  
•  $3,735	
  	
  	
  REAP	
  Grant	
  

•  Did	
  not	
  use	
  his	
  generator	
  all	
  
year,	
  saving	
  960	
  gallons	
  of	
  
Diesel	
  	
  

•  At	
  $4.00	
  a	
  gallon	
  delivered	
  =	
  
$3,840	
  savings	
  a	
  summer.	
  	
  	
  

•  Increased	
  production	
  from	
  4	
  
months	
  to	
  6	
  months	
  

Solar Powered Oyster Farm  

Video	
  Link	
  


