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 August 11, 2011 
 
To whom it may concern, 
 

Hello, my name is Bradley Layton, PhD. I currently serve as Director of the Energy Technology Program at the 
University of Montana, College of Technology (UM-COT) in Missoula Montana. As a professor of energy technology, I 
was recently approached by Mr. B.D. Erickson II on behalf of Satic Inc. Mr. Erickson is currently seeking academic 
evaluation as well as third-party product testing and evaluation of the performance of the “Satic Global Energy Saver” 
(GES), in particular the “ES120V Plug-in Electricity Conditioner.” 

I recently had the opportunity to conduct an evaluation of the ES120V on a variety of household appliances. During 
data collection with a Kill-A-Watt® meter, all of these inductive load appliances experienced a drop in current and a 
commensurate increase in power factor while the ES120V was in use. 

My preliminary data as well as that collected by EcoJAB (see attached documentation) indicate that the ES120V has 
the potential to benefit a consumer who implements the ES120V by reducing the current draw for a variety of 
household appliances and to reduce loads on utility lines by dampening inductive loads. The performance of the 

ES120V is appliance-dependent: the type and age of an appliance affect results. So, while the consumer’s power bill is 

not guaranteed to drop, as prices on electricity, billing practice and even meter type used all affect billing, an overall 
efficiency in the energy delivery is nearly certain. As stated by Misikian et al., (2009) “If an energy saving device of the 
type we have considered is used to increase the power factor, the utility will not have to supply as much current when 
certain electrical appliances are operated.” Currently, energy bills are calculated using the product of voltage × current × 
power factor × time × cents per kilowatt hour. With the advent of deregulation and smart grid technology, as indicated 
by the USDOE, it may become the case where customers with low power factors are charged more than customers with 
high power factors (DOE, 1997). Thus the ES120V will likely put these customers at a billing advantage. The primary 
reason that the Satic method for power factor correction is superior to other foreign-made devices is that the ES120V 
uses a multi-capacitor strategy that is tuned to be compatible with nearly any home appliance.  

With the introduction of the national movement to the “Smart Grid,” which promises to add power factor metering 
to the kWh and peak usage billing by utility companies, the GES module has the potential to benefit virtually any 
consumer’s electricity bottom line.  Some regions of the United States currently experience this new “efficiency of use” 
billing.  Understandably, power factor correction largely benefits utility companies; however, micromanagement and 
adjustment of power factor does have the potential to benefit the consumer with upcoming billing codes.  This would 
result in monetary savings via a reduction of total kWh consumed, efficient use, and lower demand rates. 

In conclusion, if the consumer wishes to purchase a home electronics product that has the potential to reduce 
energy consumption without sacrificing personal comfort, the ES120V is a reasonable purchase from a “Triple Bottom 
Line” perspective. For more information, please read Stenzel (2010). 
 
Sincerely, 

 
Bradley E Layton, PhD. 
 
 
DOE, 1997. http://www1.eere.energy.gov/industry/bestpractices/pdfs/mc60405.pdf  Accessed Aug 11, 2012. 
Misakian et al., 2009 Regarding Electric Energy Savings, Power Factors, and Carbon Footprints: A Primer NIST Technical Note. 

http://www.nist.gov/customcf/get_pdf.cfm?pub_id=903669 
Paulette L. Stenzel, 2010 regarding Sustainability, the Triple Bottom Line, and the Global Reporting Initiative http://globaledge.msu.edu/resourcedesk/gbr/gbr4-6.pdf 

http://www1.eere.energy.gov/industry/bestpractices/pdfs/mc60405.pdf
http://www.nist.gov/customcf/get_pdf.cfm?pub_id=903669
http://globaledge.msu.edu/resourcedesk/gbr/gbr4-6.pdf


	  

	  

Electrical	  Harmonics:	  An	  Introduction	  and	  Overview	  of	  What	  That	  Means	  to	  You	  
Lynn	  D.	  Churchill,	  Ph.D.	  

Introduction:	  

The	  purpose	  of	  this	  paper	  is	  to	  attempt	  to	  explain	  the	  basic	  elements	  of	  electricity	  and	  electrical	  circuits	  
such	   as	   current,	   voltage,	   harmonics	   and	   power	   factor.	   Through	   comparisons	   to	   basic	   plumbing	   and	  
simple	   graphs,	   it	   is	   hoped	   that	   the	   reader	   will	   have	   a	   better	   understanding	   of	   some	   of	   the	   basic	  
elements	  related	  to	  electrical	  power	  and	  what	  can	  impact	  their	  power	  bill.	  

An	  analogy	  to	  help	  understand	  electrical	  terms	  is	  plumbing	  and	  water	  pipes.	   If	  we	  use	  plumbing	  as	  an	  
analogy	   for	   electricity	   we	   can	   equate	   “voltage”	   to	   water	   pressure,	   “current”	   to	   rate	   of	   flow,	   and	  
“resistance”	   to	   size	   of	   pipe.	   Assume	   you	   have	   a	   tank	   of	   pressurized	   water	   connected	   to	   a	   hose	   for	  
watering	  the	  garden.	   If	  we	   increase	  the	  pressure	   (more	  voltage)	   in	  the	  tank	  we	  can	  project	   that	  more	  
water	   (more	   current)	   will	   come	   out	   of	   the	   hose.	   This	   is	   the	   same	   as	   saying	   that	   if	   we	   increase	   the	  
voltage,	  more	  current	  will	  flow.	  The	  size	  of	  the	  hose	  you	  have	  attached	  to	  the	  tank	  can	  either	  hinder	  if	  it	  
is	  small	  (meaning	  higher	  resistance)	  or	  if	  it	  is	  larger,	  water	  flows	  more	  freely	  (meaning	  less	  resistance).	  

The	   three	  most	   basic	   units	   in	   electricity	   are	   voltage	   (V),	   current	   (I,	   uppercase	   "i")	   and	   resistance	   (R).	  
Voltage	  is	  measured	  in	  volts,	  current	  is	  measured	  in	  amps	  and	  resistance	  is	  measured	  in	  ohms.	  There	  is	  
a	  basic	  equation	  in	  physics	  and	  electrical	  engineering	  that	  states	  how	  the	  three	  terms	  relate.	  It	  says	  that	  
the	  current	  is	  equal	  to	  the	  voltage	  divided	  by	  the	  resistance.	  

I	  =	  V/R	  	  	  or	  	  	  Amps	  =	  Volts/Ohms	  

Now	   let’s	   use	   a	   water	   wheel	   as	   a	   way	   to	   explain	  
electrical	   power.	   Take	   a	   flume	   (i.e.	   water	   pipe)	   and	  
point	  it	  at	  a	  waterwheel	  like	  the	  ones	  that	  were	  used	  to	  
turn	  grinding	  stones	  in	  watermills.	  You	  can	  increase	  the	  
power	  generated	  by	  the	  waterwheel	  in	  two	  ways.	  If	  you	  
increase	   the	   pressure	   of	   the	  water	   coming	   out	   of	   the	  
flume,	  it	  hits	  the	  waterwheel	  with	  a	  lot	  more	  force	  and	  
the	   wheel	   turns	   faster,	   generating	   more	   power.	   This	  
can	  happen	  due	  to	  gravity	  if	  the	  original	  water	  source	  is	  
coming	   into	   the	   flume	   from	   a	   reservoir	   at	   a	   higher	  
elevation.	  Alternatively,	  you	  can	  increase	  the	  flow	  rate	  
by	   using	   a	   larger	   flume,	   the	   waterwheel	   turns	   faster	  
because	   of	   the	   weight	   of	   the	   extra	   water	   hitting	   it.	  
What	   that	   means	   in	   electrical	   terms	   is	   that	   if	   we	  
increase	   voltage	   or	   current,	   we	   increase	   electrical	  
power.	   You	   can	   visualize	   this	   by	   looking	   at	   the	   water	  
wheel	  image	  to	  the	  right.	   	   	   	   	   Figure	  1:	  Traditional	  Water	  Wheel	  

Electrical	  power	  is	  measured	  in	  watts.	  In	  an	  electrical	  system	  power	  (P)	  is	  equal	  to	  the	  voltage	  multiplied	  
by	  the	  current.	  

P	  =	  V	  x	  I	  	  	  or	  	  	  Watts	  =	  Volts	  x	  Amps	  
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Understanding	  Alternating	  Current:	  

An	  alternator	  is	  an	  electromechanical	  device	  that	  converts	  mechanical	  energy	  to	  electrical	  energy	  in	  the	  
form	  of	  alternating	  current. Alternating	  Current	  (AC)	  is	  created	  by	  the	  magnet	  of	  an	  electromechanical	  
alternator	  as	  it	  moves	  toward	  and	  away	  from	  coils	  surrounding	  the	  magnetic	  rotor	  of	  the	  alternator.	  The	  
voltage	  produced	  by	  the	  stationary	  coils	  by	  the	  motion	  of	  the	  rotating	  magnet	  is	  proportional	  to	  the	  rate	  
at	   which	   the	   magnetic	   flux	   is	   changing	   perpendicular	   to	   the	   coils	   (Faraday's	   Law	   of	   Electromagnetic	  
Induction).	   That	   rate	   is	   greatest	  when	   the	  magnet	   poles	   are	   closest	   to	   the	   coils,	   and	   least	  when	   the	  
magnet	  poles	  are	  furthest	  away	  from	  the	  coils.	  Mathematically,	  the	  rate	  of	  magnetic	  flux	  change	  due	  to	  
a	  rotating	  magnet	  follows	  that	  of	  a	  sine	  function,	  so	  the	  voltage	  produced	  by	  the	  coils	  follows	  that	  same	  
function.	  	  

If	  we	  were	  to	  follow	  the	  changing	  voltage	  produced	  by	  a	  coil	  in	  an	  alternator	  from	  any	  point	  on	  the	  sine	  
wave	  graph	  to	  that	  point	  when	  the	  wave	  shape	  begins	  to	  repeat	  itself,	  we	  would	  have	  marked	  exactly	  
one	  cycle	  of	  that	  wave.	  This	  is	  most	  easily	  shown	  by	  spanning	  the	  distance	  between	  identical	  peaks,	  but	  
may	  be	  measured	  between	  any	  corresponding	  points	  on	  the	  graph.	  The	  degree	  marks	  on	  the	  horizontal	  
axis	  of	  the	  graph	  represent	  the	  domain	  of	  the	  trigonometric	  sine	  function,	  and	  also	  the	  angular	  position	  
of	  a	  simple	  two-‐pole	  alternator	  shaft	  as	  it	  rotates.	  Figure	  2	  illustrates	  this	  below.	  	  

	  

Figure	  2:	  Alternator	  voltage	  as	  function	  of	  shaft	  position	  (time).	  

Since	  the	  horizontal	  axis	  of	  this	  graph	  can	  mark	  the	  passage	  of	  time	  as	  well	  as	  shaft	  position	  in	  degrees,	  

the	  dimension	  marked	  for	  one	  cycle	  is	  often	  measured	  in	  a	  unit	  of	  time,	  most	  often	  seconds	  or	  fractions	  
of	  a	  second.	  When	  expressed	  as	  a	  measurement,	  this	  is	  often	  called	  the	  period	  of	  a	  wave.	  The	  period	  of	  
a	   wave	   in	   degrees	   is	   always	   360,	   but	   the	   amount	   of	   time	   one	   period	   occupies	   depends	   on	   the	   rate	  

voltage	  oscillates	  back	  and	  forth.	  	  

A	  more	  popular	  measure	  for	  describing	  the	  alternating	  rate	  of	  an	  AC	  voltage	  or	  current	  wave	  than	  period	  
is	  the	  rate	  of	  the	  back-‐and-‐forth	  oscillations.	  This	  is	  called	  frequency.	  The	  modern	  unit	  for	  frequency	  is	  
the	  Hertz	  (abbreviated	  Hz),	  which	  represents	  the	  number	  of	  wave	  cycles	  completed	  during	  one	  second	  

of	  time.	  In	  the	  United	  States	  of	  America,	  the	  standard	  power-‐line	  frequency	  is	  60	  Hz,	  meaning	  that	  the	  
AC	  voltage	  oscillates	  at	  a	  rate	  of	  60	  complete	  back-‐and-‐forth	  cycles	  every	  second.	  

The	  voltage-‐time	  graph	  in	  Figure	  3	  below	  shows	  some	  of	  the	  other	  properties	  of	  an	  electrical	  signal.	  	  
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Figure	  3:	  Characteristics	  of	  a	  voltage	  wave	  form	  

• Amplitude	  is	  the	  maximum	  voltage	  reached	  by	  the	  signal.	  It	  is	  measured	  in	  volts,	  V.	  	  

• Peak	  voltage	  is	  another	  name	  for	  amplitude.	  	  
• Peak-‐peak	  voltage	  is	  twice	  the	  peak	  voltage	  (amplitude).	  When	  reading	  an	  oscilloscope	  trace	  it	  

is	  usual	  to	  measure	  peak-‐peak	  voltage.	  	  

The	  value	  of	  an	  AC	  voltage	  is	  continually	  changing	  from	  zero	  up	  to	  the	  positive	  peak,	  through	  zero	  to	  the	  

negative	  peak	  and	  back	  to	  zero	  again.	  Clearly	  for	  most	  of	  the	  time	  it	  is	  less	  than	  the	  peak	  voltage,	  so	  this	  
is	  not	  a	  good	  measure	  of	   its	  real	  effect.	   Instead	  the	  root	  mean	  square	  voltage	   (VRMS)	   is	  used.	  The	  root	  
mean	  square	  voltage	  is	  NOT	  really	  the	  average!	  In	  fact	  the	  average	  voltage	  (or	  current)	  of	  an	  AC	  signal	  is	  

zero	  because	  the	  positive	  and	  negative	  parts	  exactly	  cancel	  out!	  For	  sinusoidal	  voltage	  wave	  forms,	  the	  
root	  mean	  square	  voltage	  is	  really	  approximately	  0.7	  of	  the	  peak	  voltage	  (Vpeak):	  	  

VRMS	  =	  0.7	  ×	  Vpeak	  	  	  and	  	  	  Vpeak	  =	  1.4	  ×	  VRMS	  

These	  equations	  also	  apply	  to	  current	  and	  are	  only	  true	  for	  sine	  waves.	  For	  a	  normal	  120V	  AC	  circuit	  it	  
turns	   out	   that	   the	   actual	   peak	   voltage	   is	   about	   168	   volts	   but	   it	   is	   read	   with	   a	   Watt	   meter	   as	  

approximately	  120	  volts	  (or	  0.7	  x	  168).	  	  

Electrical	   engineers	   frequently	   use	  
oscilloscopes	   to	   view	   the	   waveforms	   of	  
electrical	   current	   and	   voltage.	   A	   typical	  

display	  whereby	   the	   current	   and	   voltage	   are	  
in-‐phase	   and	   delivering	   maximum	   power	   is	  
illustrated	  in	  Figure	  4.	  	  

In	   AC	   circuits,	   electrical	   impedance	   is	   the	  

measure	   of	   the	   opposition	   that	   a	   circuit	  
presents	   to	   the	   passage	   of	   a	   current	  when	   a	  
voltage	  is	  applied.	  In	  that	  respect	  it	  represents	  

a	  complex	  ratio	  of	  voltage	  to	  the	  current	  in	  an	  
AC	  circuit.	   It	   is	  similar	  to	  the	  basic	  concept	  of	  
resistance	   that	   includes	   magnitude	   but	   also	  

has	  implications	  as	  to	  phase.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  4:	  In-‐Phase	  Voltage	  and	  Current	  Wave	  Forms	  
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The	   impact	   of	   impedance	   on	   voltage	   and	  
current	   wave	   forms	   results	   in	   them	   either	  

being	   in-‐phase	   or	   not.	   When	   impedance	  
causes	   voltage	   and	   current	   to	   be	   out	   of	  
phase,	   the	   result	   is	   less	   real	   power	   gets	   to	  

the	   load	   attached	   to	   the	   circuit.	   Figure	   5	  
illustrates	   what	   this	   might	   look	   like	   when	  
current	   and	   voltage	   are	   out	   of	   phase	   by	   45	  

degrees.	   This	   results	   is	   about	   30%	   less	   real	  
power	   being	   delivered	   to	   the	   load	   on	   the	  
circuit.	  	  

If	   both	   the	   voltage	   and	   the	   current	  
waveforms	   were	   sinusoidal,	   it	   would	   be	  
possible	   to	   measure	   phase	   angle	   simply	   by	  
reading	   the	   time	   difference	   between	   zero	  	  

crossings	  of	  the	  waveforms	  on	  an	  oscilloscope.	  In	  fact,	  the	  phase	  angle	  is	  defined	  as	  the	  angle	  between	  
the	  fundamental	  voltage	  and	  current	  as	  seen	  in	  Figure	  5	  above.	  The	  real	  power	  (sometimes	  called	  active	  
power)	  that	  the	  load	  on	  the	  circuit	  can	  actually	  use	  is	  measured	  in	  Watts	  with	  a	  Watt	  meter.	  
	  
When	   a	   sinusoidal	   voltage	   is	   applied	   to	   a	   certain	   type	   of	   load,	   the	   current	   drawn	   by	   the	   load	   is	  
proportional	   to	   the	  voltage	  and	   impedance	  and	   follows	   the	  envelope	  of	   the	  voltage	  waveform.	  These	  

loads	  are	  referred	  to	  as	   linear	   loads	   (loads	  where	  the	  voltage	  and	  current	  follow	  one	  another	  without	  
any	   distortion	   to	   their	   pure	   sine	  waves).	   Examples	   of	   linear	   loads	   are	   resistive	   heaters,	   incandescent	  
lamps,	  and	  constant	  speed	  induction	  motors.	  

A	  nonlinear	  load,	  on	  the	  other	  hand,	  is	  a	  load	  that	  does	  not	  oppose	  the	  applied	  voltage	  with	  constant	  

impedance.	  The	  result	  is	  a	  nonsinusoidal	  current	  waveform	  that	  does	  not	  conform	  to	  the	  waveform	  of	  
the	   applied	   voltage.	   Nonlinear	   loads	   have	   high	   impedance	   during	   part	   of	   the	   voltage	  waveform,	   and	  
when	  the	  voltage	  is	  at	  or	  near	  the	  peak	  the	  impedance	  is	  suddenly	  reduced.	  The	  reduced	  impedance	  at	  

the	  peak	  voltage	  results	  in	  a	  large,	  sudden,	  rise	  in	  current	  flow	  until	  the	  impedance	  is	  suddenly	  increased	  
resulting	  in	  a	  sudden	  drop	  in	  current.	  Because	  the	  voltage	  and	  current	  waveforms	  are	  no	  longer	  related,	  
they	  are	   said	   to	  be	   "nonlinear."	  These	  nonsinusoidal	   current	  pulses	   introduce	  unanticipated	   reflective	  

currents	  back	   into	   the	  power	  distribution	   system,	  and	   the	  currents	  operate	  at	   frequencies	  other	   than	  
the	  fundamental	  60	  Hz.	  

Ideally,	   voltage	   and	   current	   waveforms	   are	   perfect	   sinusoids.	   However,	   because	   of	   the	   increased	  
popularity	   of	   computers,	   personal	   electronics	   and	   fluorescent	   lighting,	   these	   waveforms	   quite	   often	  

become	  distorted.	  This	  deviation	  from	  a	  perfect	  sine	  wave	  can	  be	  represented	  by	  harmonics—sinusoidal	  
components	  having	  a	  frequency	  that	  is	  an	  integral	  multiple	  of	  the	  fundamental	  frequency	  (see	  Figure	  6).	  
Thus,	   a	   pure	   voltage	   or	   current	   sine	  wave	   has	   no	   distortion	   and	   no	   harmonics,	   and	   a	   non-‐sinusoidal	  

wave	  has	  distortion	  and	  harmonics.	  To	  quantify	  the	  distortion,	  the	  term	  total	  harmonic	  distortion	  (THD)	  
is	  used	  and	  expresses	  the	  distortion	  as	  a	  percentage	  of	  the	  fundamental	  voltage	  and	  current	  waveforms.	  	  

Figure	  5:	  Out-‐of-‐Phase	  Voltage	  and	  Current	  Wave	  Forms	  
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Figure	  6:	  Distorted	  Waveform	  Composed	  of	  Fundamental	  and	  3
rd	  
Harmonic.	  THD	  approximately	  30%	  

While	  motor	   drives	   and	   commercial	   power	   supplies	   are	  most	   often	   blamed	   for	   harmonics,	   the	  most	  
likely	   culprits	   in	   the	   typical	   power	   system	   is	   "switched-‐mode-‐power-‐supplies"	   such	   as	   those	   seen	   in	  

personal	  computers	  and	  other	  electronically	  driven	  devices.	  Current	  harmonics	  are	  a	  problem	  because	  
they	   cause	   increased	   losses	   in	   the	   customer	  and	  utility	  power	   system	  components.	   Single-‐phase	  non-‐
linear	   loads,	   like	   personal	   computers,	   electronic	   ballasts	   for	   fluorescent	   lights	   and	   other	   electronic	  

equipment,	  generate	  odd	  harmonics	   (i.e.	  3rd,	  5th,	  7th,	  9th,	  etc.).	  The	  troublesome	  harmonics	   for	  single-‐

phase	  loads	  are	  the	  3rdand	  odd	  multiples	  of	  3	  (9th,	  15th,	  etc.).	  These	  harmonics	  can	  also	  be	  out	  of	  phase	  

with	  the	  primary	  current	  as	  seen	  in	  Figure	  7	  that	  results	  in	  complex	  and	  unusual	  wave	  forms.	  Therefore,	  
nonsinusoidal	   waveforms	   consist	   of,	   and	   can	   be	   broken	   down	   into,	   some	   finite	   number	   of	   pure	   sine	  
waves.	  

	  

Figure	  7:	  Distorted	  Wave	  Forms	  based	  on	  wave-‐forms	  with	  different	  frequency,	  amplitude	  and	  timing.	  
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As	   the	  current	  distortion	   is	   conducted	   through	   the	  normal	   system	  wiring,	   it	   creates	  voltage	  distortion	  
according	   to	  Ohm's	   Law.	  While	   current	  distortion	   travels	  only	  along	   the	  power	  path	  of	   the	  non-‐linear	  

load,	   voltage	   distortion	   affects	   all	   loads	   connected	   to	   that	   particular	   bus	   or	   phase.	  	   Each	   harmonic	  
current	   in	   a	   facility's	   electrical	   distribution	   system	  will	   cause	   a	   voltage	   at	   the	   same	  harmonic	   to	   exist	  
when	  the	  harmonic	  current	  flows	  into	  an	  impedance.	  This	  results	  in	  voltage	  harmonics	  appearing	  at	  the	  

load	   bus.	   For	   example,	   a	   3rd	   harmonic	   current	   will	   produce	   a	   3rd	   harmonic	   voltage,	   a	   9th	   harmonic	  
current	  will	  produce	  a	  9th	  harmonic	  voltage,	  etc.	  

While	  motor	   drives	   and	   commercial	   power	   supplies	   are	  most	   often	   blamed	   for	   harmonics,	   the	  most	  
likely	   culprits	   in	   the	   typical	   power	   system	   is	   "switched-‐mode-‐power-‐supplies"	   such	   as	   those	   seen	   in	  

personal	  computers	  and	  other	  electronically	  driven	  devices.	  The	  typical	  office	  can	  have	  as	  much	  as	  50%	  
of	   its	   load	  being	  determined	  by	  devices	  of	   this	   type.	  Operation	  of	   these	  devices	   represents	  a	  double-‐
edged	   sword.	   Although	   they	   provide	   greater	   efficiency,	   they	   can	   also	   cause	   serious	   consequences	   to	  

power	  distribution	  systems	  —	  in	  the	  form	  of	  harmonic	  distortion.	  

Electronic	   equipment	   (switching	   power	   supplies)	   draws	   current	   differently	   than	   non-‐electronic	  
equipment.	   Instead	   of	   a	   load	   having	   a	   constant	   impedance	   drawing	   current	   in	   proportion	   to	   the	  
sinusoidal	  voltage,	  electronic	  devices	  change	  their	  impedance	  by	  switching	  on	  and	  off	  near	  the	  peak	  of	  

the	  voltage	  waveform.	  Switching	  loads	  on	  and	  off	  during	  part	  of	  the	  waveform	  results	  in	  short,	  abrupt,	  
nonsinusoidal	  current	  pulses	  during	  a	  controlled	  portion	  of	  the	  incoming	  peak	  voltage	  waveform.	  These	  
abrupt	   pulsating	   current	   pulses	   introduce	   unanticipated	   reflective	   currents	   (harmonics)	   back	   into	   the	  

power	  distribution	  system.	  As	  mentioned	  earlier	   these	  currents	  operate	  at	   frequencies	  other	  than	  the	  
fundamental	  60	  Hz.	  Harmonic	  currents	  can	  be	  likened	  to	  the	  vibration	  of	  water	  in	  a	  water	  line	  when	  a	  
valve	  is	  open	  and	  closed	  suddenly.	  

Current	   distortion	   affects	   the	   power	   system	   and	   distribution	   equipment.	   It	  may	   directly	   or	   indirectly	  
cause	   the	  destruction	  of	   loads	  or	   loss	  of	  product.	   From	  the	  direct	  perspective,	   current	  distortion	  may	  
cause	  transformers	  to	  overheat	  and	  fail	  even	  though	  they	  are	  not	  fully	  loaded.	  Conductors	  and	  conduit	  

systems	  can	  also	  overheat	  leading	  to	  open	  circuits	  and	  downtime.	  	  

Another	   indirect	   problem	   introduced	   by	   current	   distortion	   is	   called	   resonance.	   Certain	   current	  
harmonics	   may	   excite	   resonant	   frequencies	   in	   the	   system.	   This	   resonance	   can	   cause	   extremely	   high	  
harmonic	   voltages,	   possibly	   damaging	   sensitive	   electronic	   equipment.	   As	   the	   current	   distortion	   is	  

conducted	   through	   the	   normal	   system	   wiring,	   it	   creates	   voltage	   distortion	   according	   to	   Ohm's	   Law.	  
While	   current	   distortion	   travels	   only	   along	   the	   power	   path	   of	   the	   non-‐linear	   load,	   voltage	   distortion	  
affects	  all	  loads	  connected	  to	  that	  particular	  bus	  or	  phase.	  	  

Voltage	   distortion	   directly	   affects	   loads.	   Distorted	   voltage	   can	   cause	  motors	   to	   overheat	   and	   vibrate	  

excessively.	   It	   can	   also	   cause	   damage	   to	   the	  motor	   shaft.	   Even	   non-‐linear	   loads	   are	   prey	   to	   voltage	  
distortion.	   Equipment	   ranging	   from	   computers	   to	   electronically-‐ballasted	   fluorescent	   lights	   may	   be	  
damaged	  by	  voltage	  distortion.	  	  

The	  actual	  problems	  of	  any	  building	  will	  vary,	  depending	  on	  the	  types	  and	  number	  of	  installed	  harmonic	  

producing	  loads.	  Most	  buildings	  can	  withstand	  nonlinear	  loads	  of	  up	  to	  15%	  of	  the	  total	  electrical	  system	  
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capacity	   without	   concern,	   but,	   when	   the	   nonlinear	   loads	   exceed	   15%	   some	   non-‐apparent	   negative	  
consequences	  can	  be	  expected.	  For	  buildings	  that	  have	  nonlinear	  loading	  of	  more	  than	  25%,	  particular	  

problems	   can	   be	   become	   apparent.	   The	   following	   is	   a	   short	   summary	   of	   most	   problems	   caused	   by	  
harmonics:	  

1. Blinking	  of	  Incandescent	  Lights	  -‐	  Transformer	  Saturation	  	  
2. Flickering	  of	  Fluorescent	  Lights	  -‐	  Transformer	  Saturation	  	  

3. Computer	  Malfunction	  or	  Lockup	  -‐	  Voltage	  Distortion	  	  
4. Electronic	  Equipment	  Shutting	  down	  -‐	  Voltage	  Distortion	  	  
5. Static	  or	  Interference	  on	  Voice	  or	  Sound	  Communication	  -‐	  Harmonic	  Noise	  	  

6. Circuit	  Breakers	  Tripping	  -‐	  Inductive	  Heating	  and	  Overload	  	  
7. Fuses	  Blowing	  for	  No	  Apparent	  Reason	  -‐	  Inductive	  Heating	  and	  Overload	  	  
8. Motor	  Failures	  (overheating)	  -‐	  Voltage	  Drop	  	  

9. Overheating	  of	  Metal	  Enclosures	  -‐	  Inductive	  Heating	  	  

Miles	   per	   gallon	   is	   commonly	   used	   to	   measures	   the	   fuel	   efficiency	   of	   our	   cars.	   With	   electricity,	   the	  
measurement	  of	  efficiency	  is	  called	  the	  power	  factor.	  Today,	  the	  average	  home	  in	  America	  operates	  at	  a	  
power	  factor	  of	  0.77,	  or	  in	  other	  words,	  twenty	  three	  percent	  of	  the	  electricity	  is	  wasted.	  Power	  factor	  is	  

an	  important	  measurement	  for	  two	  main	  reasons.	  An	  overall	  power	  factor	  of	  less	  than	  1	  means	  that	  an	  
electricity	  supplier	  has	  to	  provide	  more	  generating	  capacity	  than	  actually	  is	  required	  due	  to	  the	  	  

Power factor takes into account both the phase and wave-shape contributions to the difference between 
true and apparent power. Power	  factor	  relates	  watts	  to	  volt-‐amperes:	  

Where:	  kW	  =	  kVA	  x	  PF	  	  	  or	  	  	  VA	  =	  VRMS	  x	  ARMS	  

kW	  =	  true	  power	  (sometimes	  called	  active	  power	  or	  real	  power)	  in	  watts	  measured	  with	  a	  
wattmeter	  
kVA	  =	  apparent	  power,	  the	  product	  of	  rms	  volts	  and	  rms	  amps	  and	  cannot	  be	  used	  by	  the	  load	  

on	  the	  circuit	  so	  is	  either	  fed	  back	  into	  the	  power	  system	  or	  released	  as	  heat	  
PF	  =	  power	  factor	  

Alternatively,	   Power	   factor	   is	   defined	   as	   the	   ratio	   of	   real	   power	   to	   apparent	   power.	   This	   definition	   is	  
often	  mathematically	  represented	  as:	  

PF	  =	  kW/kVA	  

where	   the	   numerator	   is	   the	   active	   (real)	   power	   and	   the	   denominator	   is	   the	   (active+	   reactive)	   or	  

apparent	  power.	  

To	   illustrate	   further	   let’s	   suppose	  we	  want	   to	   fill	   a	   water	   tank	  with	  water,	   one	   bucket	   at	   a	   time,	   by	  
climbing	  a	   ladder,	   carrying	  a	  bucket	  of	  water	  and	  pouring	   the	  water	   into	   the	   tank.	  Once	  we	  pour	   the	  
bucket	  of	  water	   into	  the	  tank,	  we	  have	  to	  go	  down	  the	   ladder	  to	  get	  more	  water.	   In	  this	  one	  cycle	  of	  

going	  up	  the	  ladder	  and	  coming	  down	  we	  have	  done	  some	  work	  or	  the	  energy	  required	  to	  go	  up	  is	  more	  
than	  the	  energy	  required	  for	  coming	  down.	  
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If	  the	  ladder	  was	  climbed	  with	  an	  empty	  bucket	  (no	  real	  load	  or	  work),	  and	  and	  then	  came	  down	  with	  
the	   same	   bucket	   there	   would	   not	   have	   been	   any	   work	   performed.	   The	   energy	   for	   upward	   and	  

downward	  motion	  is	  the	  same.	  Though	  I	  have	  not	  done	  any	  work	  –	  worth	  paying	  for	  –	  it	  required	  some	  
energy.	  That	  is,	  the	  energy	  that	  it	  takes	  to	  go	  up	  and	  down	  a	  ladder	  carrying	  nothing	  either	  way	  requires	  
reactive	  power,	  but	  no	  real	  power.	  The	  energy	  that	   it	   takes	   to	  go	  up	  a	   ladder	  carrying	  something	  and	  

come	  down	  without	  carrying	  anything	  requires	  both	  real	  power	  and	  reactive	  power.	  

Reactive	   power	   does	   not	   contribute	   to	   the	   work	   being	   done	   to	   any	   load	   attached	   to	   a	   circuit	   even	  
though	  it	  is	  being	  provided	  to	  that	  load.	  The	  higher	  the	  percentage	  of	  reactive	  power,	  the	  less	  real	  work	  
is	  being	  done	  and	  as	  a	  result	  a	  lower	  power	  factor.	  

Electrical	  engineers	  use	  circuits	  that	  force	  the	  current	  waveform	  to	  be	  near	  sinusoidal	  and	  in-‐phase	  with	  

the	  voltage	  to	  decrease	  harmonics	  and	  increase	  power	  factor.	  These	  circuits	  are	  known	  as	  power-‐factor	  
correction	  circuits.	  These	  can	  be	  beneficial	  if	  you	  can	  answer	  yes	  to	  any	  of	  the	  following	  questions:	  

• Is	  your	  furnace,	  central	  air	  conditioner	  or	  heat	  pump	  more	  than	  three	  years	  old?	  
• Do	  you	  have	  a	  well?	  

• Do	  you	  have	  a	  pool?	  
• Do	  you	  have	  a	  hot	  tub	  or	  jacuzzi?	  
• Do	  you	  have	  a	  number	  of	  appliances	  in	  your	  home?	  

• Do	  you	  have	  more	  than	  one	  refrigerator	  or	  freezer?	  
• Do	  you	  have	  an	  air	  conditioner?	  
• Are	  any	  of	  your	  major	  appliances	  (refrigerator,	   freezer,	  washer,	  dryer,	  dishwasher)	  not	  energy	  

star	  rated?	  

Use	  of	  power	   correction	  circuits	  or	  devices	   is	  becoming	   increasingly	  popular	  due	   to	   the	   recent	  use	  of	  
smart	  meters	  being	  used	  by	  power	  companies.	  A	  tariff	   is	  now	  being	  applied	  to	  electrical	  bills	  based	  on	  

power	  factor.	  Since	  one	  of	  the	  leading	  causes	  of	  low	  power	  factor	  is	  the	  presence	  of	  reactive	  power	  due	  
to	  harmonics,	  it	  is	  becoming	  increasingly	  important	  to	  look	  at	  what	  harmonics	  are	  and	  how	  to	  decrease	  
the	  amount	  of	  reactive	  power	  and	  increase	  the	  amount	  of	  real	  power	  in	  the	  electrical	  system.	  

Summary:	  

The	  purpose	  of	  this	  paper	  has	  been	  to	   introduce	  the	  reader	  to	  some	  of	  the	  basic	  principles	  and	  terms	  

used	  in	  understanding	  AC	  (alternating	  current)	  circuits	  as	  well	  as	  the	  concept	  of	  harmonic	  distortion	  and	  
its	  impact	  on	  those	  types	  of	  circuits.	  In	  addition,	  with	  the	  advent	  of	  smart	  meters	  and	  the	  accompanying	  
charges	  related	  to	  low	  power	  factor	  due	  to	  electrical	  distortion	  caused	  by	  harmonics,	  it	  is	  important	  for	  

consumers	  and	  businesses	  to	  understand	  what	  harmonics	  due	  and	  how	  it	  impacts	  the	  efficiency	  of	  their	  
electrical	  system	  so	  as	  to	  not	  be	  charged	  due	  to	  low	  power	  factor.	  Hopefully	  this	  paper	  has	  contributed	  
to	   a	   better	   understanding	   of	   electrical	   harmonics	   and	  why	   it’s	   important	   to	   consider	  modern	   energy	  

management	  systems	  that	  incorporate	  power	  correction	  circuits.	  
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UULC

Dear Mr, Eiickson & Mr. Dykeman:

I am excited about the potential of the Satic A C Saver, Satic Aqua Saver and the Satic
Energy Saver devices.

With over 17 years hi the electrical industry, and as owner of Spectrum Technologies,
located in Montana, 1 have seen the need for line power conditioning and the devastating
results form a Sack there-of. Reduction of harmonic frequencies, surge suppression and
power factor correction are conditions that can significantly improve the efficiency of
commonly used electrical and electronic devices, prolonging the life and efficiency of
such devices. Motors tend to run smoother, cooler and quieter. Sensitive electronic
devices are less subject to damage or destruction.

Results of line power conditioning will vary depending upon the type of equipment
connected to the Satic Saver, however 1 have seen very promising results with hands on
testing of the device. Commercial users that are charged by the electrical utility supplier
for low power factor, within their feeiiity can benefit from installation of this technology
as well.

It is my opinion that with the proper application and installation of the Satic product fine
mat positive results, for both commercial and residential customers can be achieved in
efficiency and longevity of a varied type of electrical equipment and devices.

These units are compact, requiring no maintenance. The Satic Energy Saver simply plugs
into an available outlet Other products may need to be hard wired to the equipment,
which should be done by a licensed electrician.

Rick Curtis



 

 

 

Tim Drinville 

Owner, Licensed and Bonded Electrician 

4001 Woodville Avenue 
Stevensville, MT 59825 



 
12/28/09 
 
 
To Whom It May Concern: 
 
My name is Tim Drinville of CRD Electric and I have been a licensed and bonded Journeyman Electrician for 
residential contractors in Missoula and Ravalli County. I’ve been a licensed electrician for 15 years. 
 
I was recently asked to install Satic’s Global Energy Savers (GES) at Modern Beauty School. I installed three (3) 
units per service panel. The install was successful and the owner has been very happy with the results at her 
business. She was so happy, in fact, that she asked that I go out and install them at her personal residence 
which I have since installed two (2) per service panel. I cannot attest to what her savings have been but she’s 
communicated the results to be outstanding. 
 
Being in the electrical field and interested I went ahead and installed one of the Satic units at my own home 
located in Stevensville, Montana.  I can honestly attest to the results I have received on my own application. I 
installed one (1) unit on my service panel and to my surprise it is working very well and servicing two (2) two 
hundred (200) amp service. And I have noticed some pretty significant changes as a result of the installation. I 
think with another unit or two ever greater results could be achieved. I performed the installation at my home 
three months ago and the results I have realized have surprised me. 
 

A) To date I’ve noticed the lights throughout the house no longer flicker. (We did not change to the Satic 
light bulbs – these are the same lights we’ve always used.) Flickering lights had been an issue, 
especially in the kitchen, for years. I quickly realized it had stopped and has remained unflickering. 
 

B) I have two (2) ovens in my kitchen that run 50 amps each and were used at the same time during 
Thanksgiving and Christmas along with the dishwasher. This year I hung forty-two (42) strands of lights 
on my house along with three (3) snow globes in my front yard. I was sure that this load would be too 
much for one GES unit to handle. To my surprise when I check it after Christmas it was still working as 
well as it was prior to Thanksgiving. 

 
C) I’ve lived in this home for seven years and in this time the power bill has ranged from between $130-

$150 per month. Since I performed the install of just one (1) Global Energy Saver my power bill has 
gone down at least $15 per month, which is a 10-12% energy savings.  

 
This unit pays for itself every 3-4 months while saving energy. I’m happy to recommend the unit. I suggest 
anyone wanting to lower their power bill contact Satic and get started. 
 
Sincerely, 
 
 

 
Tim Drinville 
Licensed & Bonded Electrician 
Missoula & Ravalli County 
Montana 



Todd Byland
Electrical Technician

P.O. Box 1162
Lolo, MT 59847
406-240-2870

January 05, 2010

To whom it may concern:

My Professional Background:

My name is Todd Byland I am a Montana native and father of two
sons. I received my formal education at University of Montana
College of Technology specializing in electronics where I
received my Degree in 97. Since then I have been working full
time in the electronics field. I have made circuit boards and
worked in robotics. I have continued to pursue my advancement
and will have my electrician's license as well in the next two
years. My noteworthy projects to date have been in wiring
Marriott's, Deano's, Sentinel High School just to give you an
example of my recent experience.

I want to start this letter by stating clearly that I was highly
skeptical of the energy saver and of the claims the company
made. It was my initial intention to prove them to be false.

I now offer this sworn affidavit of my professional opinion of
Satic and their product the Global Energy Saver: My personal and
professional opinion concerning the product after my own
extensive testing has changed my option 180 degrees.

In my testing the products and working with Satic, and
installing hands on, their main product the Energy Saver. I'll
begin by stating that I found the Satic team to be professional,
well informed and enjoyable to work with. They were very helpful
in getting me everything I required to conduct my testing and
installations in a highly controlled and professional manner.

We found that the Satic Saver is excellent at conditioning the
sine wave form of an AC signal. This reduces the heat loss and
suppresses voltage surges protecting equipment and hi end
electronics, appliances from damage as well as increasing their
efficiency and actually lengthening their useful life cycle.
The Satic Saver also reduces transient voltages from the



utilities company, which is an unwanted voltage on the supply
that could easily harm your electronics.

I have installed the Satic saver in both commercial and
residential applications. With a team of licensed electricians
and engineers we have installed the energy savers in commercial
retail outlets as well as individuals homes.

All reports we have gotten back from these customers have been
better than we had privately suspected or anticipated. Knowing
electronics and what the technology was designed to do, we liked
the idea and theory behind it immediately, but even we were
surprised at how well the results came in.

On electronic equipment, motors, the ballast in florescent
lighting hermetic compressors, are all of inductive load and can
cause negative harmonics on an electrical signal. The Satic
Saver controls and improves all of these variables and increases
the power factor of all circuits it is connected to. Thus
controlling the amperage of these circuits, which in turn
reduces the amps. The Kilowatt, which the power company charges
you for is based on the amperage that flows through the circuit.
The Satic saver controls and conditions the amount and quality
of amperage flowing through a circuit. Because of this, the
amperage that the loads call for are used as efficiently as
possible, so most of the amperage is not lost or wasted in heat,
negative harmonics, eddy currents or hysteresis. Almost all of
the amperage used by the loads is used effectively making the
components work better, run cooler, last longer and use less
energy.

It is my professional opinion and formal affidavit that there is
absolutely no way that the Satic energy saver will not save the
user money on their electrical bill if they have inductive load
devices/ To put that into perspective, you cannot not live a
normal life or operate a normal household without them.

For any questions concerning these matters I am both willing and
available to speak with you directly and answer any questions
you have regarding the above referenced matter.

Sincerely,

Todd Byland
Electrical Technician
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July 7, 2009

To Whom It May Concern:

I have installed in my office as well as my personal residence the SATIC Global Energy Saver and the

SATIC full spectrum lights. I am extremely pleased with the performance of these products. My office

equipment runs smoother. The lights make the atmosphere much more comfortable. I have seen a

marked difference in my day to day activities because of these products.

I fully endorse the SATIC product line & strongly recommend the installation of these products for

anyone interested in saving energy while enhancing their personal attitude.

Best regards,

11 ( • i/ • / • / j
MiltOatsopoulos
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