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ANALOG DOMAIN

Honest energy, part two:
Readers respond

eader response to the last installment of Analog Domain
(Reference 1) has been both strong and informative—so
much so that I'd like to share some of the feedback with
you. One reader asks whether home and business owners
can borrow compensation schemes that industrial sites ex-
ploit, specifically, compensation capacitors for inductive
loads. This kind of apparatus works well in industrial applications because

the loads are essentially large, fixed,
and predictable. Still, the industri-
al-plant operator must bear the cost
of the switching apparatus and of the
capacitor bank to abide by standard
terms that utilities impose on such
customers.

Home and nonindustrial business
owners rarely present large inductive
loads to the grid. The primary induc-
tive loads in typical households in-
clude subhorsepower fuel and cir-
culating pumps for heating systems;
compressor motors for refrigerators;
and drive motors for dishwashers,
washing machines, and clothes dri-
ers. All of these comparatively mod-
est loads exhibit small duty cycles,
which reduces the benefit of com-
pensating them with ex-
pensive apparatus.

Nonetheless, millions of s
these appliances exist, and
the aggregate load is hard-

vices are finding their ways into some
of the most energy-efficient air condi-
tioners, washing machines, and other
home appliances on the market.

Another reader correctly points out
that I had neglected to mention har-
monic distortion in load currents—a
term modern grid-current measure-
ments include. In this more com-
plete model, the grid-load vector, S,
is the sum of three other terms: the
real power, P; the reactive power, QQ;
and the distortion factor, D (Figure
1). The D vector does not lie paral-
lel to either axis because a time-do-
main transform of the frequency-do-
main data reveals both in-phase and
quadrature components with respect
to the real power vector.

Though anegligible con-
cern decades ago, the har-
monic content of mains-
load current has grown due
to the growing prevalence
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ly negligible. An econom- | )
ic-compensation scheme
that some modern motion-
control ICs provide is elec-
tronic PFC (power-factor
correction) as part of their
front-end power-manage-
ment capability. These de-
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Figure 1 The grid-load,
S, is the vector sum of
real, reactive, and har-
monic power terms, P,
Q, and D, respectively.

of electronic systems and,
in particular, switch-mode
supplies. The European
Union has led the world in
establishing limits on the
harmonic content of load
currents through standards

such as EN 61000-3-2,
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which defines four load-device class-
es and the limits on their load-current
spectra extending to the 39th harmon-
ic. The influence of this standard ex-
tends beyond Europe: OEMs find it
economic to ship standards-compliant
products worldwide rather than main-
tain different designs and inventory
for different geographic regions.

A third reader suggests that I had
not made sufficiently clear in text
what the table revealed: Though a
typical CFLs (compact fluorescent
lamp’s) power factor is a disappoint-
ing 0.56, on a per-lumen basis, the
lamp still improves on a tungsten-fil-
ament bulb’s grid use by slightly more
than a factor of two. Some electron-
ic ballast chips for office-type fluores-
cent fixtures include PFC, but I’ve not
yet seen the function in CFLs. Let me
know whether you do.

This same reader notes a Califor-
nia Energy Commission report that
EPRI Solutions and the Lawrence
Berkeley National Laboratory pre-
pared (Reference 2). I found good
introductions to EN 61000-3-2 and -
4-13 available from Reo UK Ltd (ref-
erences 3 and 4).
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