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Biofuel boom

Fed up with rocketing oil and gas prices giving you a
heart attack each time you reach for the petrol pump
but can't be bothered to wait for that all-electric car to
hit the streets? Then perhaps it's time you topped up

the tank with a biofuel, rather than your usual unleaded.
Biofuels - be they bioethanol, biodiesel, or plain old

vegetable oil- are hardly new. In the late 1980s,more than half
of the cars manufactured in Brazil ran on pure bioethanol,
and today many car makers, including Ford and General
Motors produce cars that run on 85%:15%bioethanol/petrol
blends. However, a recent report from the US Oak Ridge
ational Laboratory suggests it could be time we paid more
attention to the greener, cleaner alternative to petrol or diesel.
Researchers' calculations reveal that US forestland and

agricultural land alone could provide more than 1.3billion
dry tonnes of biomass each year, providing enough biofuel to
meet at least one-third of the nation's transport demand. As
they point out, such a strategy would cut dependence on
'foreign oil', reduce greenhouse gas emissions by around 10%
and boost rural industries.
Sounds great, but could Europeans replicate the same

strategy? A European Union directive already recommends
motor fuels contain 2% biofuel by the end of this year and
5.75%by 2010.Also, grain surpluses in the UK come in at
around 1million tonnes; these alone could be converted into
bioethanol to provide nearly 5% UK petrol demand.
And recent encouragement from the International Energy

Association may accelerate biofuel take-up. In its report-
'Biofuels for transport' - published earlier this year, the Paris-
based organisation said biofuel could displace up to 5% of
motor gasoline by 2010,if recent world initiatives are fully
implemented. It also recommended pursuing global trade,
pointing to sugar cane growing countries such as Brazil and
India that produce low-cost bioethanol.
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Costs aside, the biofuel movement has already started. UK
supermarket giant Tesco is currently selling 'GlobalDiesel', a
blend of 95% ultra-low sulphur diesel and 5% rapeseed-based
biodiesel, manufactured by Greenergy, UK. The cost of the
fuel is on par with its diesel equivalent and is said to have
comparable fuel efficiency.
And according to UK organisation 'Biofuel' there are no real

difficulties to overcome when using biodiesel. The fuel can be
mixed in any ratio with petro-diesel, even in the fuel tank, and
can be distributed using the same infrastructure.
Indeed, this ease of use may well have spurred the new

wave of biodiesel plant build. Greenergy is in the process of
building a £10mplant that will produce 100,000tonnes of
biofuel each year to feed a growing European market.
But how about something for the purists out there?

Unfortunately, you may have to wait some time before you see
hoards of cars running off neat bioethanol.
Bioethanol's lower energy density - relative to petrol-

means a car would need to carry up to 50% extra fuel to travel
the same distance as its petrol-fuelled counterpart. Meanwhile
an 'ethanol engine' requires a modified fuel system to provide
higher rates of fuel flow.
But for the time being, feast your eyes on a racing car

designed and built by Team Nasamax, a consortium of engine
designers and manufacturers. The vehicle is the first pure
bioethanol powered car to take part and finish the French 24
hour endurance Le Mans, clocking a top speed of 318km/hour.
While this may be the stuff green dreams are made from

one fact is clear: biofuels are no longer the clean distraction of
yesterday. Real word demand is growing and it's set to change
the face of energy markets as we know them today.
Turn to page 17to read more on trends in the transport

industry.
Rebecca Pool

lEE Publishing & Information Services:
Michael Faraday House, Six Hills Way, Stevenage,
Herts, SG1 2AY United Kingdom
Tel: +44 (0)1438 313311 Fax: +44 (0)1438 313465

Power Engineer is published bi-monthly by the
Institution of Electrical Engineers (lEE). The lEE is not as
a body responsible for the opinions expressed in Power
Engineer.

Annual subscription f 185 ($315 in the Americas).
Details from sales@iee.org

lEE PuBe SH1'\JG Gpr p

Managing Director: Steven Mair

Chief Executive of the lEE: Dr Alf Roberts

© 2005: The Institution of Electrical Engineers. All rights
reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted in any form or
by any means without the permission in writing of the
publisher. Copying of articles is not permitted except for
personal and intemal use, or under the terms of a licence
issued by a Reproduction Rights Organisation such as the
Copyright Clearance Centre Inc (Ref: 0956-3385/04
$20.00). Multiple copying of the content of this publication
without permission is always illegal.

Advertisement Sales Executives:
Louise Hall
Ihall@iee.org.uk tel: +44 (0) 1438767351

Kimberley Hunton
khunton@iee.org.uk tel: +44 (0) 1438 767224

no ~ ENT
Recruitment Sales Manager: Keith Shipston
<hip on@iee.org.uk tel: +44 (0) 1438767253

Recruitment Sales Executive: Emma Houlihan
E-c_'iran@iee.org.uk tel: +44 (0) 1438767228

UK ISSN 1479-8344

Web-offset printing by Wyndeham Heron Ltd,
Colchester. Essex, UK

January-December 2003 Average circulation 21,000
Cover photo courtesy:
©2003 CORBIS INC. (Rights managed)

mailto:rpool@iee.org.uk
mailto:dmross@iee.org.uk
mailto:sdiprose@iee.org.uk
mailto:pej@iee.org.uk
mailto:sales@iee.org
mailto:Ihall@iee.org.uk
mailto:khunton@iee.org.uk
mailto:on@iee.org.uk


10 DANGER ZONE
Getting power to
disaster-stricken regions
isn't easy
By David Flin

16 BLACKOUT SCARE
Facing up to industry
dilemmas
By Richard Ford

32 TAKING THE
PLUNGE
Marine generation
prepares to sink or
sWim

By David Flin

36 EASY CONTROL
Logic controller relieves
induction furnace woes
By H M Unver, M T

Aydemir, V Celik

40 THE RACE IS ON
Power supplies jostle for top place
By Nick Flaherty

44 UP IN SMOKE
Don't let emissions choke your profits
By Elaine Coles



NEWS
PAGES 4-8
• Clean generation witnesses massive growth
•• GE pins hopes on nuclear reador

Energy targets demand industry shake-up

VOYAGE OF DISCOVERIES
High-tech tankers take to
the seas
By Jeff Crook

, ROCKY ROUTE TO
REALITY
Will fuel cell vehicles
ever reach the
roads?
By Steve
Rogerson

MEET THE MILITARY
SUPER POWER
Can your power system take
the pace?
By Martin Bath

INDUSTRY SPOTLIGHT PAGE 14
SECRETS OF SUCCESS
Meet the man responsible for the technology breakthroughs of
industry heavyweight ASS

FI NAL SAY PAGE 48
MANMADE MYTH
Is global warming mankind's deadliest creation?
By Bryan Leyland



lEE

he induction furnace may not be the sexiest of
industrial equipment, but it has been used in
a massive range of applications from heating,
melting and welding to shrink-fitling, forming,
soldering and even plasma physics. The
furnaces operate between frequencies of 10Hz

to 60MHz, and as a result, different power supplies -
operating at different frequencies - have also been developed.
As power supply development has taken place,

switching losses have dropped, safety at high frequency
operation has increased and overall weight has reduced.
At the same time, power semiconductor technologies have
progressed and today, insulated gate bipolar transistors
(IGBT)are commonplace in many applications. Indeed, low
conduction losses and low gate power requirements have
made IGBTs the primary switching device.
But, while induction steel heating furnaces (ISHF) have

several advantages in practical applications, their design is
complex. What's more, when a material is heated within an
ISHF its resistivity and magnetic permeability fluctuate,
which proves detrimental to the control of power within the
furnace.
Looking first at resistivity, an increase in temperature

leads to a rise in this material property, resulting in the
material's total resistance (R) increasing. This, in turn,
causes a significant drop in the power drawn from the
supply.
Meanwhile, as the temperature of a material

approaches its Curie point, its magnetic permeability (J..l)
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decreases, eventually dropping to unity at the Curie point.
This leads to a reduction in inductance (L) as well as a
change in resonance frequency. As a result, the active
power transfer from the supply decreases, increasing the
time required to reach a given temperature. Thermal
losses will also extend the time to reach the desired
temperature point.
So what can be done to improve power control within

an ISHF? One way to tackle the problem is to use a
programmable logic controller (PLC). Indeed, modern
PLCs are modular, affordable, have large memory
capacities as well as special functions such as pulse wave
modulation (PWM) and data communication.
Using a PLC not only eases position, temperature and

pressure control within the ISHF, but also provides over-
voltage and over-current protection. A new PLC control
system design, however, has allowed heating to take place at
constant power while maintaining a steady resonance
frequency.

MEET THE SYSTEM
Several researchers have developed PLC control systems
based on a parallel resonance concept, with the resonance
frequency being determined by a phase locked loop (PLL).



However,these systems are complicated, difficult to calibrate
and sensitive to noise.
As a result, researchers have looked for simpler and more

reliable ways of implementing a system to determine
resonance. The control algorithm adopted in this work was
based on the following:

In parallel resonance circuits, the inductor current (IL)
is larger than the capacitor current (Ie>when the operating
frequency is below the resonance frequency. When the
operating frequency is above the resonance frequency, the
inductor current is lower than the capacitor current. The
currents are equal at the resonance frequency.
MATLABSimulink software was used to model a simple

control scheme and achieve the desired output (fig 1).For
the operation of the controller, the switching frequency (fs)
was initially higher than the resonance frequency (fo).
Therefore the capacitor current was higher than the
inductor current, and the controller acted to decrease the
switching frequency to catch the resonance frequency.
In order to simulate the real system as closely as possible,

the inductor value was allowed to change linearly during the
simulation. Mter some point, the controller decided to
increase the switching frequency so that the system was kept
in resonance.

For hardware implementation of the PLC program, the
researchers selected Siemens's S7-2001 CPU214model. The
PLC has 14inputs, 10outputs and pulse width modulation
(PWM) and pulse train-out (PTO) generators, which can be
directed to two outputs (QO.1 and QO.2).
The PLC also has the input-output capability to perform

certain functions such as placing and removing the work
piece as well as temperature, pressure and position control.
A response to over-current, over-voltage and short circuit
protection signals can also be configured into the PLC.
The written PLC program has two main components

(fig 2). The first generates the necessary pulses for the
inverter while the second is responsible for the control of the
induction furnace.
The PLC's 10.0and 10.1inputs can be used as interrupt

inputs, and depending on their status, a four-bit region is
defmed in the memory. Once defmed, it is aimed to transfer
the commands for altering the PWM pulse periods or duty
cycle to the PLC.
Since there are only two interrupt inputs in the PLC

system, another input (10.3)is used to determine which one
of the two parameters - duty cycle or frequency - will be
operated. An electronic switch is used to adjust the period
and duty cycle of the PWM generator. An electronic -+
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circuit has been designed to determine the position of the
electronic switch, which provides an input to 10.3,based on
the signals generated by PI control units. Priority is given to
resonance frequency adjustment.
The program can also automatically determine the

period and the duty cycle,based on the feedback signals sent
by the PI control units, although manual operation is
optional. The program can be adapted to determine
pressure, temperature, over-current and over-voltage as well
as enable short circuit protection, turn-on and turn-off
operations. Structural programming was used with transfer
to the interrupt modules taking place via the main program
and subroutine defmitions.
The system itself consists of a control unit, a power unit,

a high frequency transformer (MFr) and a resonant tank
containing a capacitor and heating inductor (fig 3). The
power unit consists of an AC/DCI AC converter and
provides up to 60kWoutput power at any frequency between
5Hzand 10kHz.
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A three-phase uncontrolled rectifier has been placed at
the front of the converter with the output being taken from
an inverter with voltage and frequency control. The
rectifier section contains 100A, 1200Vthree-phase half-
bridge diode modules. Meanwhile, the single-phase
inverter uses two half-bridge IGBT modules, with rated
values of 200A and 1200V.The CPU generates the PWM
signals that are applied to the gates of the switches. The
positive alternance pulse is applied to the upper switch
while the other one is applied to the bottom switch.
PI controllers are used in the frequency control unit.
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Current samples received from the inductor and capacitor
are separately converted to voltages and then flltered. Each
signal is passed through a PI regulator.
The PI regulator outputs are applied to a differential

amplifier, the bandwidth of which can be adjusted. Finally,
the output of the differential amplifier is used to control the
PLCdrive.
The power control unit also has a PI regulator. Load

voltages and currents are detected, rectified, filtered and
multiplied, and then passed through a PI regulator.
A differential amplifier amplifies the difference between

the output of the regulator and the reference value. This
amplified signal is used to control the PLC driver.
A mid-frequency transformer is also used, which has a

turns ratio of 10/25 and rated values of 500V/1250V and
55kVA.When building the transformer, O.lmm thick, 35000
Gauss laminated steel was used.

TESTING TIMES
Initial computations performed on a pipe material
showed the cold value of the inductance to be 67.8flH,
with this value dropping to 63.17flHon heating. Similarly,
the resistance increased from the cold value of 16.3flQ
up to 13m.
To achieve a resonance frequency of around 3kHz, a

28.82flF capacitor was used. Given these conditions, the
initial resonance frequency was 3600Hz(see equationl).
When the material temperature reaches 1250°C,a resonance
frequency of 3730Hzis obtained.
Numerical values for the secondary side voltage and

current at the initial resonance frequency are shown in
Table 1.The increasing values following the minimum point
should not be misinterpreted as a power increase.
The phase difference between the fundamental

components of the voltage and current was found to be as
high as 60°and the system was operating in the inductive
region. As the power drawn in this region was very loW;the
temperature did not settle at 1250°Cin 25s as would be
expected, but took 160sto reach 900°C.
Using the control unit, the system was then used to heat

a pipe and a solid cylindrical material (fig 4). The power
factor (PF) at the input was measured as 0.89for the pipe and
0.93for the solid cylinder. The power (Pp) in the pipe heating
was calculated as 19.8kW(equation 2)while the power for
the solid cylindrical material case (Ps) was 24.3kW

(equation 3).The current and voltage variations were found
to be within the acceptable limits of ±3%.
Frequency analysis of the high frequency transformer

revealed that the primary power was 18.6kWat a 0.79power
factor, with a displacement factor of 0.99.The instantaneous
resonance frequency of the system was 3.73kHz.
Meanwhile, for the secondary side voltage, current and

frequency, a measurement of ~330Vand -54A was read at
3.73kHz. The fundamental voltage and current waveforms
were shown to be in phase indicating that a resonance
condition existed. Given a power factor of 0.79, the total
power was found to be 15.6kW(equation 4).
The power difference between the input and output was

mainly due to losses in the mid-frequency transformer.
However, designing and building a more efficient
transformer would cut these losses.
Additional analysis of the secondary voltage, current and

frequency data - with the system operating at an input power
level of 55kW - showed the secondary power to be 48.4kW
Sowhat can we conclude from this work? Firstly,a system

suitable for PLC control in an induction steel heating

1
--~-_-_-_-_-_-_-_-_-_-_-_-_-_-_=3600 Hz
21'C~67,8.1O-6.28,82.1O-6

2: Pp =U.1.PF = 400Ax55.5xO.89 = 19777.758 ~ 19.8 kW

furnace has been successfully built. Indeed, tests using a
range of capacitor and inductor values have revealed that
the new system follows resonance frequency and power
variations.
The next stage of development is to introduce analog

input and output ports, in order to achieve Pill control inside
the PLC. This will allow other control cards to be removed
from the system. Additional control techniques, such as
adaptive control, fuzzy logic and artificial intelligence
techniques can also be used in this system.
What is clear, however, is that the system enables the

control of a range of processes. These include material
loading, material selection depending on time of the day,
responding to fluctuations on the AC line voltage, and
interactions between units following heating .•
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