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F-lt' a decade or so, in the technically,
financtally, and politically turbu-
lent world of solar power, multiple
companies and hundreds of millions of
dollars in investments have come and
gone. Through it all, efficiencies have
crept up, costs have come down, and
the technology bas become ever more
attractive onshore and afloat. When |
recently looked at the latest optimized
installations for marine applications, 1
was surprised at how many variables
now come into play.

Basic Building Blocks

All salar panels offered in the marine
world currently use siicon-based cells,
|

most commonly created using one of

three core technologies monocrystal
line, polycrystalline, and thin-hlm, This
hasn't fundamentally changed in decades.

Cells in monocrystalline panels are
tormed by placing a silicon crystal
seed” in a vat of maolten silicon and

then slowly withdrawing it, The molten
silicon forms a solid single crystal cvlin-
der around the sead, and the cylinder is
more or less squared off and then sliced
into thin wafers—the basic building
blocks of cells In the process, a fair
amount of the sificon cylinder becomes
waste, driving up the wafers’ cost
Polycrystalline, or multicrystalline,
also starts as a seed In a vat of molten
stlicon, but this liquid brew consists of,
among other things, scraps from
monocrystalline manufacturing, cells
that failed their QC test, and othet
sources, The silicon is simply allowed
- / 10 cool and harden, with the resultant
Text andﬁo‘dgrap S square-sided multicrystal solid once
by Nigel Calder J ! _‘_LZ;ILI: 's[iuk'l.l up into r.cl!». [he square-
’ sided ingots substantially reduce waste
{except where noted) as compared to the cylindrical mono-

o

crystalline ingots. Manufactured this

way, cells are cheaper than monocrys

talline cells.
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On the authars boat, fowr Ayocera S5nartt ngd salar panals are mounted on top of Each monocrystalline cell is cut
a havd bumind specifically instaled to make this passible. Other nrachical mounting trom a single silicon crystal, so its oni

aptions Inciude semi-Daxible paneds mstalied over canvas cockpit covers. entation i1s .lligncul with the surtace of
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Refinements in solar power technology offer
significant opportunities for marine applications,
and some risks as well.

the cell. In a polycrystalline cell the
crystals are multidirectional. How do
you tell the ditference? Monocrystal-
line cells tend to appear uniformly
black, whereas palyerystallines have a
bluish tint and are less uniform. In
theory, a monocrystalline is more efh-
cient than a polyerystalline cell at con-
verting sunlight into electrical energy,
especially in low-light conditions,
with shading, and at low sun angles. In
practice, a range of other factors also
come into play to such an extent that a

high-grade polycrystalline cell in a
well-built panel will be maore efficient,
and sustain that efficiency for longer,
than a low-grade monoerystalline cell
in a poorly constructed panel.
Thin-film panels are made by depos-
iting a film of material onto a substrate.,
Silicon applied in a thin-film format s
commoaly referred to as “amorphous”
silicon. Although nonsilicon thin-
hlm technologies are typically more
efficient than amorphous silicon, they
are less efficient than conventional

crystalline and polycrystalline silicon
options—with one exception: gallium
arsenide, which is used on satellites
but is far too expensive for marine
applications.

Today, all thin-flm panels sold in
the marine world use amorphous sili-
con, The efficiency of these panels has
remained relatively static over the past
decade, while that of monocrystalline
and polycrystalline cells has increased
by up to 50%. As a result, frequently
double or triple the surface area is now
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This chart from the Nationa! Renenable Encvgy Laboratary demonstrates the broad array of technologies that canvert sunilght
Inta electrical enargy and the steady increase in efficiency of almost alf of them over the years.
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SYSTEMS: Advances in Solar

required fora thin-film paned to achieve
the equivalent energy output of a poly
or monocrystalline panel. Thin-Alm
panels are also susceptible to motsture
intrusion. The tiniest pinhole in the
surface of a flexible panel, or minor
edge defamination, will rapidly degrade
panel output.

For these reasons, and the lack of
available space on most boats, [ will
focus on monocrystalline and poly-
crystalline panels.

Cell Construction

Silicon solar cells contain a thin
waler of silicon treated 10 create elec-
tricity when the sun shines on it. One
pole of the electrical circuit typically
consists of three to five silver bus-
bars embedded on the surface of the
wafer {and clearly visible), with a mass
of barely visible “fingers” feeding
into the bushars. To manufacture the
cells, the busbars and fingers are
screen-printed onto a cell in the form
of a silver paste and then fired in a
furnace to drive the silver down into
the silicon and make the necessary
electrical connections. The fingers
collect the current generated by the
cell, feeding it to the busbars, The
other pole of the electrical circuit is
on the back of a cell, typically consist-
ing of a conductive surface, often a
thin layer of aluminum

This array of samifiexible sofer pansels on 8 moloryacht employs SunPower cels (note
the gteance of fingars or busbars on the top of the calls). AV 1he panels have 32 cells
of the same size, bul gue [0 SPace Mtatians the calls have Baan cut in half on Saméa
panals, Fov a given lavel of sunignt, &l the panels wil reach a simisr voltage, tut the
anes with half-sized calls will galver half the amperage

Each cell produces around 0,6V to
0.7V in sunlight, Cells are connected
in series to boost the voltage {for a
nominal 12V panel, there will be any-
where trom 32 to 40 cells in series)
The series connections are made
through a thin strip of copper soldered
to the bushars on top of one cell and
connected to another strip of copper
soldered to the back surface of the
adjacent ¢ell, Cells and wiring are fam-
inated between sheets of plastic or
metal (flexible or semi-flexible) or
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between glass and plastic (rigid) to
form panels. Each panel connects to
an electrical system through a wire
pigtail or a junction box,

The ampere output of a panel is a
function of cell size (surface area), cell
quality, and the level of irradiance
(effective sunlight) it is exposed to. A
panel with 32 cells will produce the
same ampere output as one with 100
similarly sized cells, but the laster will
have a much higher voltage output

In conventional panel-construction,
bushars and fingers on the front of a
paned obstruct surface area, reducing
output. While thinner and fewer con-
ductors can reduce the obstruction,
they Increase resistance, reducing
energy collection, and are more suscep-
tible to fracturing if there is any flexing,
vibration, impact, or stress from the
inevitable varying rates of thermal
expansion and contraction of the dif-
ferent materials in a panel The silver
fingers are particularly vulnerable

An adfustable steyn rall mount hofds a
cormentional ngid solar panel (fngers
and busbars on the top of the pane))
Again, these ara hall calls 1o boost the
voltage to bantery-charging evels n &
rafativaly small paned,
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Tha iwsh cofor end
mutive alignments of
the crystals in this
ngid panel cleany
indicare that these
are povorystaline, or
midtorystaiine, calls,

the thin aluminum
layer on many solar
cells is delicate and

Thin, deep fingers increase strength
and improve conductivity while mini
mizing surface obstruction, but they
increase shadows cast by the grid at
lower sun angles. One way or another,
the construction of the top panel grid
significantly affects the efficiency and
reliability of a cell

On the other side of the silicon water,

prone o corrosion;
the copper strips that connect cells i
series are susceptible to work-harden
ing and fracture, and multiple sol
dered joints praduce potentially dam
aging heat stresses during manufac
ture. Commeon failure modes are metal
fatigue from flexing, detachment of
the copper ribbons from the cells, and
cell cracking,

The Maxeon Cell

Enter the Maxeon monocrystalline
cell from SunPower, considered by
many to be the cell to beat right now
SunPower owns the rights to this cell
design, first developed at Stanford
University, and sometimes referred to
as Interdigitated Back Contact (1BC)
technology. SunPower supplies cells to
premium marine solar panel manu-
facturers such as Solbian (in [taly) and
Solara {in Germany). Until recently,
it also manufactured its own semi-
flexible panels but has cancelled this
program to focus on its core home-
power market.

[he Maxeon silicon waler’s posi-
tive and negative dlectrode fingers are
on the backside of the cell, eliminat
ing the wire grid on the top, along
with associated shading and potential
failure points. On the back of the
cell, the typical thin aluminum kayer is
replaced with a more robust copper

layer, improving clectrical performance
and eliminating the corrosion assocl-
ated with aluminum,

Silicon-based solar panels are dark
in color and heat up in sunlight, but as
the temperature goes up, electrical out-
put decreases. This loss &s quantified
as a panels “temperature coefficient”
For example, a loss of 0.3% of output
per 1°C (1.8°F) rise in temperature
equals a temperature coefficient of
(-0.3/°C). The copper backing on the
Maxeon cells helps dissipate hear,
improving performance in high-tem-
perature environments and lowering
the temperature coelficient.

The higher the number of soldered
connections in a panel, the higher the
series resistance and the higher the
likelihood of poor connections vul
nerable to corrosion and vibration
damage common in marine applica
tions. Because the positive and nega
tive electrodes are on the back of a

»
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The undfarm black indicates that these are manccrystatineg cells, whie the (ack of any

fingers or busbars tells us they are Sunfower’s Maxeon cells, M this case, mownted (0

a semifenibie panel.

Maxeon cell, the thin and vulnerable
top-of-one-cell-to-the-bottom-of - the
next-cell connection on conventional

seres-wired cells is replaced by a more
rugged edge-to-edge connection. In
addition, the relatively high- resistance
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thin silver fingers printed on the fromnd
side of all other cells are eliminated,
along with mumerous soldered con-
nectbons found In other panels.

According te SunPower, the varlous
patented modifications in its cells and
panels elimbnsate 85% of the fallures in
conventbonal designs, which, it daims,
are duae primacaly o corrosion amd elec-
trical breaks. SunPower also claims
shower degradation ever tinse, which
erables it 1o guaraniee $2% of rated
cuflpial after 25 yeurs for ils feume power
prinels {Lhis does nol apply w panes
i1 raarime wie; for mone on warranbies,
s beloaw). The cells pecform well in
low-light conditions and have a broad-
spectrum response, which enables them
b generate electricity from sunlight in
the mornings and evenings. In the lab
oratary, SunPower cells have achieved
efficiency bevels above 25%. In the real
warkd, 1 expect tn see I:I'ﬁi.'il!l'll:]-' Ay
where hetween 9% and 25%.,

Competing Technologies
SunPower’s [BC technalogy is not the

anly way to imgrove the performance of

a solar cell Oiher approsches currently
Belng wsed are described by the acns-
nyms PERC, HIT, MTAT, and MTW.

PERC stands for elther passivated
emitter and rear cell. or passivated emit-
ter and rear contact, These cells have an
additional Jayer on the back, or snsall
grooves that reflect light back theough
the cell, providing a secomd opporiu-
nily to generale electricity, improv-
ing e movement of electrons, and
reducing leal absorption by rellecting
light of certain wavelengths out ol e
cell. Because the addition of a PERC
layer does nat add substantially to the
cast of cell manulfacture, these cells
with up to 21.5% to 22% efficiency are
hecl:-r.ni:nﬁ_ commen in commercial
applications.

HIT stands for heterojunction with
intrinsic thin-layer, The technology

was first developed in 1990 by Sanya,
whose patents have expired, By Far the
most deminant plaver ks Panasonic,
HIT cells combine romnocrystalline
technadogy with ultrathin armerphows
silicom lavers to improve overall effi-
chency and performance bn higher
ambient temperatures. [n the labora-
tory, Pamasonic has achleved eficken-
ches above 25%. In the real world, the
HIT commercial cells range up to
24%. Along with SunPower [BC cells,
Panasoaic HIT cells are recognized a8
U liglest- poiver commercial silicon
cells available. In recent years, a few
companies have been suecessful in
adopting this technology.

MTAT sands for Medin advanced
metallization technology, a proprie-
tary interconnect technology devel
oped by Medin Solar in California,
and now owned by the Filipino Ayala
Corparation. MTAT creates a closely
spaced, low-profle, copper-based grid

A Merlin MTAT enevgy-coffection gnd, held up against a sodar cel
warer screen-printed with silver Angers, shows: (1) the multiple thin
busbars on the MTAY grid with many connection points to the fingers
and shart energy paths to the grid, (2) the wavy gnd that sllows for
differential expansion and contraction of the wafer and grid, and
(3) the wavy conmeclion poirds (top of the phato) that wi¥ make

the garias connection to the next call,

structure applied 1o the front and back
of solar cells.

This interconnect technology can be
used on all cell types with the excep-
tion of SunPower 1BC cells. The con-
ventional silver fingers are first screen-
printed onto cells but not the bushars.
In place of the wide busbars, the
MTAT grid is added, creating more
numerous and thinner current paths
The primary conductors are tapered
from one end to the other, gaining in
cross-sectional area from one side of a
cell to the other as they collect more
and more current from the cell, The
conductors snake slightly back and

forth, creating a “spring”
effect, which absorbs
differential expansion
and contraction with
changes in temperature.
This effect is particu-
larly pronounced at the otherwise vul-
nerable cell-to-cell series connections,
reducing the risk of fracture. In test-
ing, this cell-to-cell connection with-
stood a million flex cycles. MTAT
grids have been successfully tested for
satellite applications, where the tem
perature can alternate between - 140°C
and 140°C (~220°F and 284°F) as
many as 15 times a day

The MTAT copper grid structure,
best thought of as a netwoek of springs
connected to the front and back of
the cell, with a series of compliant
springs linking adjacent cells to each
other, adds a considerable measure
of stability to the otherwise brittle
silicon cell wafers. It minimizes the
failures associated with traditional
soldered conductors. In the event of




microscopic cell fractures that can
severely impact cell performance, the
multiple conductors and connection
points {the front of each cell has
around 2,000) minimize the loss of
panel output. MTAT panels have been
crushed in testing and still retained
most of their output. The technology
lends itself particularly to the semi.
Hexible panels commonly found in
marine applications. The extremely low
profile of the grid minimizes shading

A Morin MIAT anergy-
callection grid for the
back s\ of 3 soky
cal—wilh mavty comniec
hon pownts and short
aneygy paths 1o the
Srid—\owars résistance,
Wnereases efMcendy,
and can signcantly
minimize the effects of
ary ooV cracking and
ather damage.

effects on the front side of cells, improv-
ing efficiency, especially in low-light
conditions and at Jow sun angles. The
complex gricks and multiple intercon-
nection points also improve efficiency
by reducing the paned series resistance.

In metal wrap through (MWT) tech-
nology, minute holes are drilled
through silicon wafers and Alled with
metal contacts. As with SunPower's
IBC cells, this enables the positive and
negative cell contacts to be made on the

back side of the water, However, unlike
[BC technology, it does not completely
climinate the gnd on the front of the
wafer, but it allows the busbars to be
removed, although the fingers remain,
This minimizes the loss of effective sur-
face area and the shading effect. Cell
efficiency Is improved, and reduced
failure rates are reported. MWT tech-
nology has not yet been widely adopted.
Manufacturing these cells & expensive,
and the efficiency benefits are not high
compared to more affordable technolo-
gies. The first US. factory manufactur-
ing these cells opened in 2019.

Efficiency Ratings

For any given type of cell (e.g., Max-
eon, HIT), because of the manufactur-
ing processes for solar cells, the effi-
ciency of individual cells varies. The
cells at the top and bottam of the large
crystal sliced up to make monocrystal
line cells are particularly low quality

and should be discarded. Following
manufacture, cells are tested and
sorted based on their performance
Caells that look identical may vary con-
siderably in performance, and there
may well be minute cracks and other
flaws in lower-grade cells that accel-
erate performance degradation over
time. These lower-grade cells will
likely be a fraction of the cost of high-
grade cells, enabling panel manufac-
turers to produce much cheaper pan-
els but with reduced performance.
Cell efficiency is measured in
defined standard test conditions
(STC), which rarely correlate with real
life but do provide a mechanism for an
apples-to-apples comparison at the
cell level —but not at the panel level, A
panel comparison must also account
for the spaces between cells and the
width of edges when comparing out-
puts based on the total surface area of
a panel. Its efficiency will be less than

In a corventional paherystaliing
cel with fingers and busbars,
YOU Can see nhere the busbay
on the call in the lower Aalf of
the pHalo gucks undear the ceN
i the woper part of the image
10 make the sanes comection 1o
the backsice of the upper cell
These thin MiterceN connections
e easlly damaged, especiaily
by fexing and wibvation

that of a cell; the reduction is a func-
tion of the added area in relation to the
cell surface area plus resistance in cell
connections. Another measure some-
times employed is the efficiency of all
cells in a paned, excluding interconnect
areas andd margins. This encompasses
the efficiency differences between
individual cells, providing a rating for
the total cell surface area.

None of these efficiency ratings
account for real-world conditions

such as shading, poor light, low light

angles, resistive losses in connections,
etc. In marine applications, we are
Interested in the total energy output
over the course of the day in widely
variable conditions. Quite logically,
panels using high-grade cells will typ-
wally outperform those with lower-
grade cells, often by a considerable
margin.

Over the years, | have steadily
amended my calculation for the antici-
pated daily output of a solar panel
Today, given quality monocrystalline




A brand-new 36.0e) panel (s sibjected fo
efectraluminescence testing. The camera reveals

a1 underperforming cel and some microscopic

cracking.

cells in a quality panel, I assume 1 will
see the equivalent of three hours’ worth
of output at the panel’s full rated capac

ity, i.e., a L00-watt panel will deliver 3 x
100 watt- bours = 300 Wh a day {which,
at 12V, translates to 25 amp-hours).
This erude cakculation seems to work

Electroluminescence Imaging

fan external current is applied to a solar paned, it canses light emis-

sion at various wavelengths. A special electroluminescence camera,
which detects specific wavelengths, can reveal many weaknesses such
as hidden cracks, broken contacts, dead spols, weak areas, and weak
cells, which appear darker compared to higher-performing cells.
Because weak and damaged cells dissipate some of the power from
higher-performing cells, it is critical for paned manufacturers to prop-
erly match cells when assembling a panel, and for the panel not to be
subsequently damaged during handling, shipping, and installation.
Some panel manufacturers employ electroluminescence imaging to
check every cell before installation and every panel after manufac-

reasonably well in the summertime
regardless of latitude, and in the tropics
year round. It does not work at all in
high latitudes in the wintertime because
of the limited daylight hours, and does
not take account of significant differ
ences in panel efhiciencies.

turing is complete; others do not.

— Nigel Calder

Shading and Hot Spots
Bruce Schwab of OceanPlanet
Energy and | have conducted shading
tests on Solbian panels built with high-
grade cells. We demonstrated that a
hard shadow (in our case, a piece of
wood clamped to the surface of a cell)

has the effect of knocking out a per-
centage of the panel’s output equal to
the percentage shading of a single cell
For example, shading one-quarter of a
single cell knocks out one quarter of
the panels output. When panels are
connected in series to boost voltage—
for example, two 12V panels con-
nected in series to produce 24V—
shading on one panel has an equal
effect on the outpat of all others. In
contrast, tf panels are installed in par-
allel, shading on one can have little or
no effect on the others.

We can draw a couple of somewhat
contradictory conclusions from these
facts:

« Given a shadow of a particular
size, the smaller the cells in a panel,
the greater the shading of any cell
and the higher the percentage loss of
outpat, so it pays to use larger cells.

« Foragiven level of output, having

The author’s four nominady 12V panes are wired in seves and pavale) for 24V The
output of the two panes overshadowed by the boom ks knocked down by 5O%, and
the 1otad array by 25%.

a larger number of small panels {ie,
containing small cells) in parallel as
opposed to a smaller number of larger
panels in parallel will reduce shading
effects by limiting the loss of output to

only the shaded panel.

Soft shadows (for example, from rig
ging at some distance from the panel}
have nowhere near the same effect.




These Sunfower mono-
crystaling (bfack)
Maxgon cals are wirad
with ypass diodes (the
three small, sQuare,
Black devices M the
main busbavs) between
each S0watt to 60-natt
sarjes <ring in the
panef.

fires, causing millions

When cells are totally shaded, they
consume power from nonshaded cells
in a series string. In the case of hard
shadows, it is possible for shaded cells
to become hot enough to melt plastic
cases and even to start fires. This is
currently the subject of a lawsuit
between Walmart and Tesla, the own
ers of Solar City, which has installed
solar arrays on 240 Walmart stores. To
date, eight of these arrays have started

of dollars in damage.
To prevent hot spots, bypass circuits
and diodes are often installed at stra-
tegic points in series strings. If a cell
becomes completely shaded, the
bypass diodes limit the back-feeding
of the shaded cell 1o that part of the
string between the nearest bypass
diodes, isolating a string of cells that
cannot absorb energy from other cell
strings or from other panels connected
in series with this panel,

Bypass diodes should be installed
with any series string of 50-60 watts or
greater. This will limit the maximum
available back-feeding encrgy to levels
that will not cause excessive heating or
cell burning. Bypass diodes can be
built into a panel or added on and
mounted externally.

Bypass diodes will not protect against
hot spots generated by damaged cells,
those with manufacturing impurities,
or low-grade cells with noavisible flaws,
There ure no protection mechanisms
against this kind of cell byrning.

Blocking Diodes

Although diodes in operation create
a voltage drop of around 0.7V, in nor-
mal panel operation they are not part
of the conducting circuit and do not
consume energy or diminish panel
output. But, if a cell is shaded and the
diodes become part of the circuit, the
combined effect of the shading and

digsde will dramatically reduce output.

If panels wired in parallel and to a
comimon voltage regulator are exposed
to significantly different light condi-
thons when one is partially shaded, the
higher-performing panel will back-
feed the lower-performing panel. To
prevent this, blocking diedes are
required an panel outputs. These per-
psaiently wired conponents will cre-
ate a permanent voltage drop and also
absork a very small amount of energy.
To avoid this permanent inefliciency,
your can add individual solar regula-
ters, which contain their own blocking
diwdes, to each panel, Depending on
the regulator type, this will optimize the
output af each panel.

Regulators

To charge a battery, il s necessary Lo
raise voltage above the battery’s at-rest
voltage, This is why a 12V solar panel
has between 32 to 4 cells in series,

with cach producing between 0.6V
amd 0.7V, In sunlight and discon-
nected from a battery, a voltmeter
across the output terminals of a 12V
aolar panel will typleally read From
16% 1o mere than 208, The higher the
viltage, the greater the ability te maln-
tain charging voliages in the face of
voltage dreop from connections wind
wiriing, losses through disdes and reg-
ulators, and declining ouiput from
elevated temperitures. I a solar panel
i% 1.|:|Lr|:|e;u|ul|:d, and in the absence of
external boads, the outpul of even a
moderately sived panel is sulficent w
de.-:l:r-:r}' il |:-:|l|.-|.'rg.- awer Lime l|m:|ug|:
avercharging. A regulintor is nesded on
all fact the smallest paneds. These regu
lators also invariably incorporate a
diode that prevents the battery from
back-teeding a solar panel overnight
or when the panel is seriously shaded,
Two twpes af regulators are cormmanky
used: pulse widih modulated {FW )

and maximum power point tracking
(MPFT])

A PWHM regulator feeds pane] out-
put directly through toe a battery
whose voltage determines the solar
panels sutput voltage. A slgnlficantly
discharged Battery will acoept every-
thing the solar panel can throw at it
at relatively low valtage—the “bulk
charge™ phase. In that mode, the regu-
Lator will do nothing. bui as a batery
beconses more fully charged, voltage
creeps wp. AL a predetermined accep-
tance vaeltage, the regulator kicks in
o buodd e an tsar level. It does this by
disconnecting and reconnecting the
sodar panel al a high (requency, puls-
ing the battery with charging current.
As the battery state of charge dimbs,
and its ability to absorb charging cur
rent continees to decline, the regula
tor’s “on” pericds get shorter com
pared to the "off” periods; this is the
pulse width modulation. When the




battery is fully charged, the regulator
trips to a lower-voltage “float”™ setting.

In different light conditlens, the
ouigit valtage at which the maximwm
energy can be extracted from a solar
panel varies, Because the output valt-
age of & paned connected te a PW
regulator is controlled by the battery
valtage, the regulator caniot madify
Lthe voltage o oplimize panel oulpul.
An MPPT regulator effectively discon-
nects tee solar panel from the battery,
determines the optimum panel voltage
in the given light conditions, and loads
the panel in a manner that holds it a1
this voltage. The panels output is
inverted to high-frequency AC and
then back to I o feed the battery.
The D output is managed with a
multi-step charging program similar
to a PWM regulator,

A variant of o conventional MPPT
regulator is a “boost” regulator, In the
gvent a panel is shaded and the bypass

dicdes engage—shutting down one or
miore strings on the paned and drop-
ping its outpui voltage—ihe boost
function will continue to ralse the
output voltage above battery voltage,
cnabling charging o continoe. A
boost regulator 5 more expensive
buit b sitwations where shading is
Likely, notably on sailboats, (s & good
irmestrment.

In less-than-ideal light conditions,
an MPPT regulaior can push the ouwt-
put of a pane up by as much as 30%
compared 1o a PWM regulator. How-
ever, the complex electronics in the
MPPT regulator will absarb energy
and negate some of this gain. The best
are now meore than 95% efficient, with
some claiming in excess of 99% peak
ethciency.

With PWM regulation, when panels
are wired in parallel, it is common
practice 10 run ml.llliple panels o a
single regulator, with bocking diades

te prevent pangls back-feeding one
another, Although this can also be
done with MPPT regulators (assum-
ing the regulator is rated to carry the
combined output of the panels), i will
wndermine the benefits of the MPPT
technedogy, especially IF the panels are
in different light conditions. To Fully
opimize panel outpur, 4 separate reg-
ulator should be used on each panel.

Because charging parameters vary
with battery temperature, many regu-
lators are located close 1o the batberies
by e i similar amibdent tensperature,
Lhi !l'll!]-' Couraect to g |E'.II.'IF|EI.1|l.I:I"E =T
sor attached o the bateries. Either
way, there may be a relatively long
cable run between the salar panels and
the regulators and batteries. Thase
cables should be sized to minimice
voltage drop; also, the section of
cabling that attaches directly to the
panels and is outside needs to be resis
tant to sunlight., UV, and ozone,

Buyer Beware

Solar panels in home applications
and tied to the dectniclty goid must
meet various standards, such as [EC
61215, [EC 61730 and UL 1703, There
are no such standards for off-grid solar,
including marine, and no required
third-party testing to verify claims
Panel manufacturers have been known

Dalaminatian of &
sem-fanle salar
panal is 8 common
failure, Once agan,
these are SunPowar
Maxaon calls,

to quote the cell efficiency of high-
grade cells from a manafacturer such as
SunPower, when in fact they are using
significantly less-efficient lower-grade
cells from the same manufacturer. [t
should also be noted that many panel
manufacturers are supplied with Sun-
Power cells through the "gray” market
rather than through SunPower directly.
Purchasing marine solar panels is very
much a case of buyer beware.

No matter how efficient the cells, if
a panel is assembled from unsuitable
materials, is poorly constructed, is

damaged in shipping, handling, or

Installation, has inadequately sealed wir-
ing connections, or is connected 1o the
boat with undersized wiring, it will per-
form poordy and likely fail prematurely.
Encapsulating materialy and cable exits
vary widely in their resistance to damage
and water penetration. Note that with
flexible and semi-flexible panels, the
resistance of edge margins to water
penetration is at least in part a function
of wadth, which also varies widely.

It is not unuswal to see cheap solar
panels fail in as little as two years. A
good indication of quality is the war
ranty-how many years it is valid, and

what it covers in those years (e.g., full
replacement for failures and loss of
output, or pro-rated replacement).
Most household panels carry no war-
ranty when wsed in marine and mobile
installations.

In marine applications, where the
environment is particularly tough and
the installation cost is often a signifi-
cant part of the overall expense, it
doesn't pay to buy cheap, poorly con-
structed panels with limited warran-
ties and life expectancy. The higher cost
of high-quality semi-flexible panels
may be more cost-etfective overall if




they can Be installed on exdsting swr-
Exces as opposed to building a suppont
structure for bess-costly righd paneds,
Elther way, the total Installation cost is
currently dlgible for a 20% United
Suates federal tax credit that will start to
phesse ot an the end of 2019,

Conclusions

The kv to an effictive solar installa-
tiom e a boat s to buy guality pasels
with an excellent siartie warranty from
a recognized marine vendor, and clweck
them carefully for shipping danage
befire installation. Ideally, the panels
will lave been electroluminescence
tested {see the sidebar, page 46) before
shipping to ensure that there are no
hidden flaws Install them with care
and sdequate support in a location that
minimizes shading, Make sure that the
wiring is sized to minimize voltage
drop and that the connections are
witertight: and add an MPPT regulator

to exch panel. The result should be an
installation that gives at beast a decade
off service with mindmal depradation in
auitpat, Panels incorparating the MTAT
technology are Hkely to e inherently
more capable of dolng this than other
odl imerconnect approaches. WD

TEcitark Mare: Sirce wiriftng fils artioe,
Nigel Crrlder bevarmie o walrarily MirlHers
witly Bruce Schwal ard Ogean Mt
Envrpy a conipany thit s raglats fo the
MTAT recferrodogy die the raarine mmigrket
ciraal Freas ecclastee Fighils b Hhe comibined
HIT+MTAT pansls for merine applica-
tiors. While we remain confident of the
decunicy of e informuition pressted
here, in fll disclosure, Calder feels & is
important that vur readers are aware of
his interest, We agree. |
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msate Contteal for faelr corsidenndile Fedp
with this arrbole,
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Merlin Solar Technologies;
merlinsolar.com

OceanPlanet Energy: ocean
planetenergy.com

Panasenic HIT panels:

M. PANASKHIIC, COMm
Solara Solar Systems: solarn.en
Solbian: selbian,cu

SunPFower; RS, SLTNAONET, COIT
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More: https://www.proboat.com/2019/11/advances-in-onboard-solar/



