Case Study
Elmar Solar
makes world’s
most efficient
MPPT for solar
powered race cars
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But there is a difference between the amount
of energy falling on the panels as sunlight,
and the amount of energy delivered to the
load, such as a battery or electrical motor.
This is because power loss is inherent in
the electrical circuitry which converts the
PV panel’s output voltage to a voltage that
can be used by the load. The more efficient
the converter, and the lower the losses in
the electrical system, the more of the sun’s
energy can be supplied to the load.
Elmar Solar is a pioneer in the field of
power electronics, and applies its expertise
in the development of systems which
almost completely eliminate power losses
in solar power converters. Its solar power
management systems incorporate:
An advanced Maximum Power Point
Tracking (MPPT) algorithm, to optimize the
panel’s voltage with reference to the sun’s
brightness and angle of incidence, as well
as to solar cell temperature

An ultra-efficient converter circuit to
boost the input from a solar array to the
required output voltage at the load
Its flagship product, the Race MPPT, is a
complete power management module for
use in solar-powered race cars: optimized
for size, weight and efficiency, it enables
designers of specialist solar race cars
to achieve higher average speeds in
long-distance competitions such as the
World Solar Challenge
(www.worldsolarchallenge.org).
Elmar Solar is also drawing on its
engineering expertise to develop new
solar power management products. It has
developed an algorithm which enables it to
configure its technology platform to meet
the needs of applications in fields such as
aerospace and commercial transportation.
The algorithm provides a fast and
effective way to develop new converter
module designs which may be optimized
appropriately for weight, size, cost
and efficiency.
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The radiant energy of the sun enables an
array of photovoltaic (PV) solar panels to
generate electrical power. The stronger the
sunshine, and the longer it shines on the
array, the more electrical energy is generated.

Elmar Solar
is a pioneer
in the field
of power
electronics.

The Challenge
The Challenge

A typical customer for Elmar Solar’s Race MPPT module is
the designer of a race car taking part in a competition such as
the World Solar Challenge, a grueling 3,000km drive across
the desert from Darwin to Adelaide in Australia. A race car is
required to operate solely from solar power it generates itself,
some of which may be stored in a battery with a maximum
capacity of 5kWh.

The appeal of the Race MPPT module to its customers
is its ultra-high conversion efficiency across the inputvoltage range provided by a solar panel array. At peak
efficiency, conversion losses in the Race MPPT are just
0.35%. At these very high efficiency levels, the difference
between the best converter and the next best is measured
in a few tenths of a per cent of a load of up to 1kW.

The car’s design is dictated by the requirements of the competition rules: typically it has a large horizontal surface area
covered in solar panels, and its mechanical design is aimed at
minimizing the amount of energy required to keep it in motion:
race cars are very aerodynamically efficient, and very light.

Measuring such small losses requires highly precise
instrumentation, but all measurement equipment is
subject to inherent measurement error. The challenge for
Elmar Solar was to provide efficiency measurements that
its customers could have confidence in, to enable them
to make valid and meaningful comparisons between the
performance of the Race MPPT modules and competing
products. In other words, Elmar Solar needed a
measurement system with an error small enough to prove
its module was better than other high-efficiency solar
converters.

Engineering determines who wins the race: the goal is to
convert as much of the sun’s energy as possible into power
delivered to the motor driving the wheels, enabling the car to
maximize its average speed over the duration of the race.
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Background

Part of the car designer’s job, therefore, is to minimize the
amount of energy lost between its generation at the solar
panels and its consumption at the motor and at the on-board
battery charger. This is the function of Elmar Solar’s Race
MPPT module: its MPPT algorithm optimizes the panel’s
output voltage to maximize the amount of power
generated by the solar panel array. It then boosts the input
voltage provided by the solar panel array to a higher output
voltage required to charge the battery or to drive the motor.
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Today, Elmar Solar’s Race MPPT is the world’s leading
PV converter module for solar race cars: offering peak
conversion efficiency of 99.65%, its conversion loss is around
half that of its next nearest competitor. It is also extremely
small and light, weighing just 385g and measuring 136mm x
82mm x 44mm.

The Solution
Application requirements
The datasheet of the Race MPPT module specifies its
conversion efficiency at a range of input voltage values from
40V to 120V DC, and an output voltage of 140V (see below).

The Race MPPT’s efficiency peaks at 99.65%, which means that
power loss can be as little as 0.35%. If this small 0.35% value
for power loss is to be credible, measurement error must be
known to be much smaller than 0.35%. Customers can accept a
small margin of uncertainty around the nominal efficiency value
to account for measurement error. But if the measurement error
in the power analysis equipment were as high as ±0.25%, for
instance, it would be impossible for a customer to discriminate
between the Race MPPT and a competitor claiming nominal
peak efficiency of 99.3% - a device with real-world losses twice
as large as those of the Race MPPT.

Elmar Solar’s confidence in the accuracy of the WT5000’s
measurements is reinforced by the quality of the
instrument’s calibration in the Yokogawa laboratory at
Amersfoort, The Netherlands. This is one of the world’s
few commercial, non-government calibration facilities for
power measurement instruments. Regular calibration of the
WT5000 gives users confidence that its DC measurement
accuracy is within the ±0.07% range specified in the
instrument’s datasheet. Measurement bandwidth of 10MHz
for voltage and 5MHz for current is more than enough for
the Elmar Solar application, in which the power switches
operate at a maximum frequency of 80kHz.
Elmar Peters, CEO of Elmar Solar, says that the WT5000’s
power measurements are so precise that the company has
been able to discover previously undetectable causes of
power loss. He says: ‘In a boost converter circuit, every
engineer focuses most of their effort on improving the
efficiency of the active parts of the circuit – the MOSFET
power switches and the supporting inductor and capacitors.
Our instinct was to treat the connector linking the module to
the battery as a neutral, zero-loss component, but when we
isolated it and tested it, the WT5000 was so sensitive that
it was able to detect a small loss attributable to resistance
in the contacts, and to show that this resistance – and the
power loss – actually increases with usage, presumably
due to material degradation. It was thanks to the WT5000
that we were able to find this loss in the connector and take
measures to eliminate it.’
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The application requirement is therefore for power measurement
equipment which offers accuracy high enough to make the Race
MPPT’s efficiency specification meaningful.

After a comprehensive study of the power analyzers
available to commercial users, Elmar Solar chose the
WT5000 Power Analyzer from Yokogawa – the world’s most
accurate precision power analyzer. Crucially for Elmar Solar,
across the voltage range of interest the WT5000 offers DC
measurement accuracy of ±0.07%. This enables solar race
car designers to calculate the additional energy supplied to
the load when compared to a boost converter circuit based
on the use of competing modules offering nominal peak
efficiency values of 99.3% or lower.
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This efficiency value is the most important attribute considered
by solar race designers when evaluating competing boost
converter modules. The method used to measure efficiency
must therefore stand up to close scrutiny.

Measurement solution

Results
Accurate measurements confirm
minuscule power losses
Elmar Solar used the WT5000 Power Analyzer to provide
the reference efficiency values and other important
power measurements specified in its datasheet. The
company openly shares with customers details about
the robust measurement method which it uses to
produce these reference values. As a result, customers
are able to estimate on the basis of desk research alone
the extra dynamic performance that their vehicle will
gain by replacing less efficient competing devices with
the Race MPPT module.

Offering the best in isolation, noise immunity, current
sensing and filtering in a modular architecture, the WT5000
is an extensible measurement platform that provides
precision power analysis backed by the world’s leading
in-house calibration facility for power analyzers.
Users can make simultaneous measurements on up to
seven inputs and compare them in split-screen mode
on the high-resolution 10.1” touchscreen. The modular
architecture of the WT5000 provides seven slots supporting
various types of input modules, providing a flexible and
extensible measurement system.
The WT5000 also offers advanced filtering options,
including:
Synchronization source filter
Enhanced frequency filter
Digital parallel path filters
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Elmar Peters of Elmar Solar says: ‘The value of our solar
converter module is that it offers a unique combination
of higher efficiency, a smaller footprint and lighter
weight than any competing product. This means that
we need an extremely accurate power analyzer to
measure our efficiency with confidence. After studying
the instruments on the commercial market, we are
convinced that the WT5000 is the most accurate power
analyzer available today.’

WT5000 Precision Power Analyzer

Operable by a touchscreen and hardware controls, the
WT5000 offers an intuitive measurement experience.
For more information on the WT5000, visit tmi.yokogawa.com
For more information on Elmar Solar, visit www.elmar.solar
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About Yokogawa Test & Measurement
Yokogawa has been developing measurement solutions
for 100 years, consistently finding new ways to give
R&D teams the tools they need to gain the best insights
from their measurement strategies. The company has
pioneered accurate power measurement throughout
its history, and is the market leader in digital power
analyzers.
Yokogawa instruments are renowned for maintaining
high levels of precision and for continuing to deliver
value for far longer than the typical shelf-life of such
equipment. Yokogawa believes that precise and effective
measurement lies at the heart of successful innovation
– and has focused its own R&D on providing the
tools that researchers and engineers need to address
challenges great and small.

Yokogawa takes pride in its reputation for quality, both
in the products it delivers – often adding new features
in response to specific client requests – and the level of
service and advice provided to clients, helping to devise
measurement strategies for even the most challenging
environments.
The guaranteed accuracy and precision of Yokogawa’s
instruments results from the fact that Yokogawa has
its own European standards laboratory at its European
headquarters in The Netherlands.
This facility is the only industrial (i.e. non-government
or national) organization in the world to offer accredited
power calibration, at frequencies up to 100 kHz.
ISO/IEC17025 accreditation (RvA K164) demonstrates
the international competence of the laboratory.

YOKOGAWA EUROPE B.V.
Euroweg 2, 3825 HD Amersfoort, The Netherlands, tmi.yokogawa.com
Phone: (31)-88-4641000, E-mail: tmi@nl.yokogawa.com
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www.tmi.yokogawa.com

