EDITORIAL
125th Issue of the News Letter!
Dear Members, Fellow Professionals, Friends and Well wishers,
SEASONS GREETINGS TO ONE AND ALL!
It is indeed a proud moment for the Association and the Team involved in bringing out the issues of
“ELECTRICAL INSTALLATION ENGINEER’ month after month and the 125th Issue is in
your hands. Our continuous efforts have been to provide, apart from ‘News and Views’, information
and details about Technologies, Safety Practices, Energy and Energy Efficiency Matters and general
materials for Life, Culture and Ethical practices. We look for more inputs from Members and our
readers for more improvements. We greatly appreciate and are thankful to all the Members and
Fellow Professionals and Friends who have guided and continuously supported this effort.
We are all aware that India is on an Economic Growth Trajectory for over 2 decades now and with
all kinds of Global and Local problems and challenges, we have been marching ahead and are
expected to become one of the top 3 economies of the world in another 2 decades or so. There is
no doubt about the fact that Electrical Energy in all its dimensions of steady capacity additions,
and steady supplies of adequate and quality supplies of Electricity, be it Agriculture or Commerce
or Services or Manufacturing, decides the performance levels and Growth. In fact the ‘Per Capita
Consumption of Electricity’ is a measure of Growth and Prosperity of a Society. There has been
lot of Growth in these areas in our Country in the past 60 years and further Growth is also very
much on the cards as we continue to be an attractive country for the world to do Business,
Investments and Manufacture.
The Governments have also been doing their role to increase the pace of Growth. Though there are
views that the Growth could have been much faster, we cannot forget the fact that we continue to be
one of the World’s largest Democracies with almost one sixth of the population of the World,
which throws its dimensions of challenges. Another interesting feature is also that we are one of
the oldest and the most diverse civilizations of the World, but we continue to be bonded together,
helped by our Culture and Heritage. Global recognition of “Yoga” now is a testimony for our
Glorious Culture.
A critical look at our Country and our selves at this point can probably go a long way to push us all
to become better and contribute better towards the ‘Nation Building Efforts’. We are one of the
few countries of the World abundantly blessed by nature, be it Sun Shine or Waters or Rivers,
Mountains and Minerals or many such, but we have turned to be a mass of people with Selfishness,
Greed, Envy and all such ills, which is reflected in all our Individual, Collective and Political
activities. It is also a fact, however, that we have been able to prove ourselves, facing the Global
pressures, in many areas, be it Agriculture or IT or Space or Atomic Power or Manufacturing. Even
a modicum of improvement in the Nature, Attitudes, Values and Behaviour of People, individually
and collectively, can go a long way in ensuring our faster Growth towards Better Economy and
Better Standards and Better Living for everyone.
We thank all those members who have helped us by participating in the advertisements
appearing for the issue June 2016 - Abirami Electricals, FLIR Systems India Pvt. Ltd., Ashlok
Safe Earthing Electrode Ltd., Elektrotec 2016, Galaxy Earthing Electrodes Pvt. Ltd., Sun Sine
Solution Pvt. Ltd., Faith Power Solutions, Dehn India Pvt. Ltd., Wilson Power and Distribution
Technologies Pvt. Ltd., Fomra & Fomra, JL Seagull Power Products, Universal Earthing Systems
Pvt. Ltd., Anchor Electricals Pvt Ltd., Supreme Power Equipment Pvt. Ltd., OBO Bettermann
India Pvt. Ltd.
EDITOR
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KNOW THY POWER NETWORK - 106
II Rotating Machinery
Assessing the state of the life or residual life of rotating machine insulation is always a high priority industry
subject because the unscheduled outages of key machineries will lead to costly down time and monetary losses.
So there lies a big demand / need for the presentation of machine failures due to insulation damages. One part
of this preventive work is the assessment of the remaining life of the equipment. The need of the hour is how to
assess the state of insulation after a few years of service (Partial Ageing) and how to use this information to get
reliable predictions about the service life of its insulation. In other words, we have to make use of the currently
available methods to assess age induced changes that took place in the insulation and with that information to
reliably estimate remaining life of the rotating equipment.
Before delving further deep into this topic, let us find answers for the key question viz. “What is the definition
of the remaining life?” From the perspective of utility engineers, it may be defined as the period or time,
the equipment may be expected to operate or give service without (a) The need for major maintenance
or repair or (b) The possible development of a minor fault into a major fault.
From the view point of researchers, it is defined as the time remaining before insulation properties become so
poor that the insulation can no longer withstand the applied multiple stress. Our test methods should cover these
two perspectives. In addition, the required study data should be obtained without shutting down the equipment.
Presently the required diagnostic information are collected during the planned outages. Further we have to
consider the fact that the many factors that influence ageing are quite complex and the methods presently
adopted to assess the state of ageing of the equipment insulation are empirical in nature. i.e. it has limited
practical values.
We all know that among the stresses of concern that contribute to the ageing and loss of life of the equipment
are,
¾ Partial Discharge induced deterioration
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¾ In the absence of these discharges, there is another source that can cause degradation viz. Presence of
chemicals. i.e. chemically induced degradation of organic components of the insulation
¾ Mechanical stresses that lead to the movement of equipment parts or components. It may be due to
thermal cycling or electromagnetic forces. The movement of parts can facilitate electrical discharges.
¾ Local environmental influences (moisture or contaminants)
The main point to be noted in this regard is that the changes induced by the ageing phenomena always lead to
the changes in the electrical properties or parameters, often on a localised scale. These changes gradually
affect the other parts of the insulation and finally alter the integrity of the equipment as a whole.
The degradation brought by Partial Discharge, the chemical, thermal, mechanical and environmental stresses
always reflect in the electrical parameters of the equipment insulation i.e. they bring measurable changes in the
electrical properties of the rotating machinery insulation and thus becomes the crystal ball / viewing mirror /
prism to show the existing condition of the equipment insulation and resultant estimation of the remaining life of
equipment.
¾ Thus the tests that provide the data on the changes experienced by the insulation as a result of the
stresses as outlined above will be the “first step” in the assessment of residual life of the equipment.
Other test methods are also available notable amongst them are
¾ DC Insulation Resistance and Polarization Index
¾ DC hipot test
¾ 0.1 Hz hipot test
¾ Capacitance, dissipation factor and tan delta that changes with AC voltage
Before concluding this topic, it is once again stressed that the ageing process in large rotating machines and
hence its remaining life are brought by the mechanical and electrical stresses faced by it while the life of small
machines is influenced by its operating environment and operating temperature.
III Underground Cables
At present XLPE cables and PE cables find wider application in transmission and distribution networks. The
cables used in distribution circuit suffer degradation due to the entry of water / electro chemical treeing /
moisture and voids. This water treeing degradation is mostly noticed in polypropylene type of cables and
treated as an ageing-induced degradation HVDC testing, which is used for finding out the health status,
maintenance testing of a cable or fault tracing and fault location shortens the service life of a cable. Environmental
stresses, voltage stresses, moisture, higher temperature, presence of trapped changes due to HVAC / HVDC
testing, presence of switching and lightning surges, injuries suffered during installation / digging by other agencies
and poor quality of its heat sinks play an important role in the ageing induced degradation of UG cable insulation.
We have seen that the application of higher DC voltages across cables, as a part of non destructive test, often
leads to its premature loss of life. Further various diagnostic tests indicate its present level of resistance to
oxidation, thermal status of semi crystalline insulation, chemical degradation of its insulation and presence of
foreign ions. Yet there is no fool proof, conclusive and quantitative relationship exists between the results of
these diagnostic tests and the residual life of the cable. Hence the accurate residual life estimation of an UG
cable is always difficult and at best it can only be approximate.
IV HT Circuit Breakers
Several types of monitors are used to assess the remaining life of circuit breakers. One type of circuit breaker
monitor gives the cumulative interrupted current and the number of operations carried out by the breaker. It
measures the actual service undergone by the breaker. In another type of monitor utilizes the signature analysis
of the circuit breaker operations to assess the service life conditions of a breaker. It analyzes the vibration
signatures of the breaker to find out its actual and remaining service lives. This kind of monitor can detect in
vibrations which in turn signify / reflect the changes that took place in the breaker operating mechanism. The
topic on hand viz. Residual life assessment of equipment ends here. In forth coming article, a model format will
be given for assessing the Happiness Index of electrical equipment.
With this, I would like to sign off. Kindly stay tuned.
(To be continued…)
V. Sankaranarayanan, B.E., FIE,
Former Addl. Chief Engineer/TNEB
E-mail: vsn_4617@rediffmail.com
Mobile: 98402 07703
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DATA CENTER POWER SYSTEM HARMONICS:
AN OVERVIEW OF EFFECTS ON DATA CENTER
EFFICIENCY AND RELIABILITY − 1
Executive Summary
People familiar with the fundamental concerns of electricity in data centers may specifically be aware of the
power quality issues associated with alternating current (AC) power line harmonics. Harmonic currents can
distort the voltage that is being consumed by the information technology (IT) equipment, thereby disrupting the
operation of the equipment. Ironically, these harmonic currents are usually caused by the power supply units
(PSUs) within the IT equipment itself, but there can be other causes as well, such as variable frequency drives
in cooling and ventilation equipment. Some devices meant to improve power quality, such as uninterruptible
power supply (UPS) systems, can actually create harmonic currents that could interfere with equipment further
upstream. Such power quality issues have been well documented and are generally understood within the
technical community.
Less appreciated is the effect of harmonic currents on the overall efficiency of a data center. Harmonic currents
are wasted energy that appears as heat. Not only can the heat have a detrimental effect on the performance and
life expectancy of various pieces of equipment, but the harmonic currents also reduce the overall efficiency of
the entire data center by increasing the amount of heat that must be removed.
It is possible to mitigate the effects of harmonic currents to some degree. Devices such as isolation transformers
can trap harmonic currents and prevent their detrimental effects. But these devices themselves consume energy.
Efforts to improve data center operating efficiency by removing transformers might actually be counter productive
if there are significant harmonic currents being generated by the IT equipment. A better solution is to identify the
equipment that could be potential sources of harmonic currents (generally referred to as “nonlinear loads”)
before such devices are put into service in a data center. This may not always be practical or even possible. An
assessment may be necessary to determine the level of harmonic currents that can be tolerated within a data
center, in terms of both power quality and efficiency loss, before deciding to add or remove mitigation equipment.
Instrumentation to locate harmonic currents can be fixed or portable. Instruments commonly found in data
centers that measure volts and amperes, or calculate watts and watt-hours, can give false information if they
are not designed for nonlinear loads. Therefore, consideration must be given to the accuracy of power and
energy metering devices before calculating the power usage effectiveness (PUE™) of a data center.
I. Introduction
Data center power system harmonic currents and voltages contribute to issues that often arise in the data
center electrical infrastructure, such as losses to the efficiency of a system, power component overheating,
negative impacts on neutral conductors (where present), and safety concerns. The causes and effects of these
issues are often complex. Developed by The Green Grid Association—a non-profit, open industry consortium
working to improve the resource efficiency of information technology (IT) and data centers worldwide—this
white paper presents a brief overview of harmonics, including what they are, the difference between harmonic
voltage and current, what causes harmonics, and what problems harmonics can cause. The paper then discusses
what levels of harmonics can be tolerated and under what conditions, along with some suggested diagnostic
and mitigation methods, as well as how harmonic voltages and currents can affect data center power distribution
system efficiency.
This paper does not try to address the broader utility-level or campus-level causes and effects of harmonics.
Instead it looks primarily at the impact of harmonics within an uninterruptible power supply (UPS) and distribution
to equipment further downstream in the data center, including transformers and IT equipment PSUs.
II. Definition of Harmonics
A harmonic is a higher-order integer multiple frequency current and/or voltage distortion of fundamental waveform.
If the fundamental frequency is 60 hertz (Hz), which is typical in the United States, then 120 Hz, 180 Hz,
240 Hz, and 300 Hz are the 2nd-, 3rd-, 4th-, and 5th-order harmonics, respectively. Figure 1 shows an
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example of a fundamental waveform and some lower-order frequencies (i.e., those that are typically of the
15th order or less). Adding those frequencies results in the distorted waveform called out in Figure 1.
Even-order harmonics, such as 2nd, 4th, and so on, are less prevalent, while odd-order harmonics (3rd, 5th,
etc.) more typically exist in a system. Harmonics are typically integral multiples of the fundamental, but they can
also be non-integral (fractional) multiples, called interharmonics.

Figure 1. Example waveform with distortion

Harmonics may exist both in voltage and current. For any electrical system to be operated with good efficiency
and performance, the goal is to have voltage and current waveforms primarily consist of the fundamental
frequency, with minimal higher-order frequencies (i.e., frequencies that are higher than the fundamental frequency).
Low-order harmonics (those that are typically of the 15th order or less) also create higher-order harmonics
(those that are typically of the 25th order or higher) due to ferroelectromagnetic resonance in the power
system. These higher-order harmonics may also be referred to as high-frequency noise.
The International Electrotechnical Commission (IEC) standard IEC 61000-3-2 defines the upper limit of
harmonics as the 40th harmonic of the power frequency (2.4 kilohertz [kHz] for a 60 Hz distribution system),
which is the primary focus of this white paper. It should be noted that there is emerging evidence that
higher-frequency harmonics cause more issues than previously assumed.
III. Causes of Harmonics
HARMONICS CAUSED BY DATA CENTER LOADS
To fully understand harmonics and their causes, the load type on the data center’s electrical infrastructure
needs to be understood. A linear load draws current that is instantaneously proportional to the voltage, such as
in Figure 2 and Figure 3. One example of a linear load is a resistive load, such as an incandescent light bulb. A
nonlinear load either draws a current waveform that is not instantaneously proportional to the voltage or is a
load that causes current to distort its sinusoidal shape. The current waveform also leads or lags voltage or
phase. Example components that cause nonlinear load currents include rectifiers, switch mode power supplies
(SMPSs), UPSs, electronic ballasts, and variable-speed drives. Many of these components are frequently
found in IT power supplies. Nonlinear loads use a switching mechanism, which generates harmonics on the
current and hence the voltage. (See Figure 4.)
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Examples of nonlinear load sources that can inject harmonics back into a system include variable frequency
drives (VFDs), pumps (with and without motor drives), transformers, lighting (electronic and magnetic ballasts),
DC-to-AC converters, and rectifiers. Even DC-to-DC converters can inject harmonics into a DC system,
more commonly known as ripple and/or noise. Older, line-switched, three-phase rectifier loads (e.g., motor
drives) can create higher harmonics than typical IT supplies. The behaviour of current IT PSUs at light loads
depends on how they are optimized around efficiency. At light loads, some more efficient supplies generate
higher amounts of harmonics, although this trend is changing as the focus on low power behaviour is sharpened.
Figure 1 shows a graphical representation of harmonics generated on a fundamental waveform by a nonlinear
load. The pink waveform indicates the nonlinear waveform resulting from the impact of 3rd- and 5th-order
harmonics on the fundamental waveform. This is a typical current waveform for a nonlinear load such as that
from a VFD.
Harmonics involve two undesirable and directly interrelated conditions: current distortion and voltage distortion.

Figure 2. Linear time-aligned (unity or 100% power
factor) voltage and current waveforms

Figure 3. Linear shifted alignment (at 80% leading
power factor) between voltage and current

Magnetic Devices
Devices that contain magnetic structures, such as
transformers, inductors, motors, and ballasts, can
exacerbate a harmonic problem, depending upon the
impedance of the magnetic structure. When these
magnetic structures are operated at or above their rated
capacity, problems from harmonic currents can result
in overheating and/or a potential fire hazard.
To fix the problem, magnetic devices are typically
oversized to handle the additional currents. This can
decrease the efficiency of a system, because
conventional wisdom says to maximize efficiency and
minimize capital cost by operating devices near their
rated capacities. The result is a tradeoff: for example,
operating a transformer or an inverter duty motor near
its rated kilovolt-ampere (kVA) capacity may lower
the capital cost, but full-load operation may not be best
when load-generated harmonic currents are present.
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Using transformers that are designed specifically to handle harmonic loads can assist in alleviating the problem.
(See the Mitigating Harmonics section for more information). Harmonics also cause increases in a transformer’s
no-load losses.
IT Power Supply Units
In a category all their own, IT PSUs, both individually and in combination, have been and continue to be a
known source of harmonic currents. PSUs can interact as a group, creating high harmonic currents that cause
instability at the system level. The problem is primarily found in single-phase IT equipment that incorporates
switch mode power supplies (SMPSs), resulting in an abundance of triplen harmonics (the 3rd and odd multiples
of the 3rd). Whereas other harmonic orders have a tendency to cancel each other out, triplen harmonics are
additive, thereby creating equipment heating and high levels of voltage distortion and current on neutral
conductors. In the early 1990s, triplen harmonic currents that summed in the neutral were a big problem.
Underrated neutral conductors provide a high impedance path that produces a higher voltage distortion. These
underrated neutrals would overheat and cause fires. The solution at the time was to double the rated neutral
conductor cross-sectional area or use multiple conductors to limit the individual cross-sectional area. However,
modern PSUs, now connected phase-to-phase rather than phase-to-neutral, have made triplen harmonics less
of a problem, as discussed below. In addition, three-phase power supplies inherently do not produce triplen
harmonics.
Most modern IT PSUs contain active power factor correction (PFC). This added active variable impedance
can have a mitigating effect on harmonic currents. However, it should be noted that PFC power supplies at
partial load create a higher percentage of harmonics than PFC power supplies at full load. Therefore, simply
because a power supply has PFC built in does not mean it will have a good harmonics profile. The power
factor measurement is at the fundamental frequency, so it is possible to have a power factor of 1.0 (termed
“unity power factor”) while still having a poor harmonics profile with high 3rd- or 5th-order and higher current
harmonics in the current waveform. Power factor–corrected circuits use input voltage waveforms to shape the
current. If the voltage waveform is ideal, then the current waveform is also good; but, if the voltage waveform
is not ideal, the current waveform will not be ideal either. When the source or line impedance is high, the IT
PSU tries to correct the waveform that may have been distorted by external causes.
PSUs from two vendors with similar input and output specifications may behave very differently in the same
facility due to their respective control loop characteristics. In a data center that contains thousands of IT power
supplies, each experiencing different system-loading conditions, their input currents sum together. The total
accumulation at the point of common coupling (e.g., at a circuit breaker panel board) may show many
random-order harmonics even though any one specific power supply may not exhibit any of them.
Power supply unit design has changed throughout the years, as evidenced by the information in Table 1, which
comes from 80Plus. Efficiency has increased over the past eight years; however, power factor and current
harmonics (total current harmonic distortion [THDi]) have varied.
Table 1. Snapshots of PSU efficiency and total current harmonic distortion from 2005, 2010 and 2013
At Light (20-25%) Load
Power Factor
THDi
Efiiciency

Typical 2005 PSU
0.95 leading
7%
70%

Typical 2010 PSU
0.9 leading
20%
85%

Typical New PSU
0.98 leading
12%
95%

Static Power Converters
Static power converters, such as VFDs, rectifiers, and inverters, are nonlinear loads and thus are often sources
of harmonics. VFDs are notable for their high-efficiency operation. Because of that, they are typically found,
for example, on fans, chilled-water pumps, and heating, ventilation, and air-conditioning equipment in data
centers; but their efficiency benefit can be offset by resulting harmonic issues. A VFD has a similar topology to
a UPS, only without a backup energy source. That is, it coverts an AC voltage to a DC voltage and back to AC
again. The rectified conversion is a nonlinear element, which causes upstream harmonics.
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Rectifiers
In past data center installations, rectifiers caused significant harmonics when switching. These included
6-pulse, 12-pulse, 18-pulse, and 24-pulse rectifiers. Each time a device is switched, losses and harmonics are
generated. Today, pulse width–modulated (PWM) rectifiers (e.g., active power semiconductor switching rectifiers
such as insulated-gate bipolar transistors and metal oxide semiconductor field-effect transistors) can switch
more than a thousand times per cycle, but mitigation steps implemented in the switching circuit considerably
reduce the amount of harmonics generated. Figure 5, Figure 6, and Figure 7 show unfiltered current waveforms
for each of the three types of rectifiers.
UPSs
Harmonics also can be caused by a UPS rectifier, as
described in the Rectifiers section above. Similarly,
harmonics generated while a UPS is in eco mode or bypass
mode (or in any situation in which the UPS is not in line with
the power path) will flow upstream to the building
transformers, which could cause problems elsewhere in the
data center’s distribution system. The potential issue exists
when the UPS is in eco or bypass mode and the power is
Figure 5. 6-pulse rectifier
supplied by the generator sets. This issue will likely need to
be addressed in the future as eco and bypass mode UPSs
become more prevalent.
Generators
The harmonic profile of a data center can change when a
load transfer occurs between two power sources with
different impedances, such as between a utility source and
standby generator. With the change in impedance, there is a
Figure 6. 12- pulse rectifier
change in the voltage distortion and resonance of the system.
Generator rotor/stator pitch can aggravate or mitigate
various frequencies, depending upon the pitch ratio. While
resonance is not typically an issue in a system (It is affected
by various combinations of inductance and capacitance.),
the introduction of harmonics into a system can hit a
resonance point that can cause overvoltages. This can also
cause problems for the facility in other ways, such as
Figure 7. PWM rectifier
stressing insulation.
Transient Events
A phenomenon similar to harmonic currents can be caused by ongoing cumulative transient events in the data
center, not just by certain types of equipment. Shutdown and turn-on events, including those for light bulbs,
transformers, capacitors, and IT PSUs can be sources of harmonic frequencies. Since a harmonic is a distortion
of a pure sine wave, an initial inrush is a high momentary surge that is not continuous. The individual events can
last only a few microseconds to a few milliseconds, so they are not continuous. A data center’s harmonics may
fluctuate. If the facility has many on-going turn-on and shutdown events, it may appear to have one continuous
source of varying-frequency harmonics.
ADDITIONAL CAUSES OF HARMONICS
As previously discussed, harmonics typically come from nonlinear loads, but a nonlinear source can be a cause
as well. If either the source or the load is nonlinear, harmonics are generated. For example, when nonlinear
currents react with the linear source impedance, they distort the source voltage. What starts as a sinusoidal
source voltage is distorted by the presence of the nonlinear load. Linear source impedance multiplied by load
current distortion creates nonlinear voltage that adds and subtracts from the sinusoidal source voltage. The
higher the source impedance, the greater the interaction effect with other loads.
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IV. Finding Harmonics Problems in your Data Center
Instrumentation is readily available that can detect and quantify harmonic currents that may be present in a data
center’s power distribution system. Such metering is appropriate at a point of common coupling, such as at the
circuit breaker panelboard on a Power Distribution Unit (PDU). Switchboards, panelboards, and PDUs
frequently have metering capable of measuring the level of harmonic current at each frequency as well as total
harmonic distortion. Such metering typically measures up to about the 40th order; other metering is available to
read the higher frequencies. Where permanent metering is not built into the system, portable power-quality
measurement devices can be deployed for temporary measurement. Temporary devices should remain in place
for at least 30 days in order to capture a complete harmonic profile over time. Instruments are available that
can measure harmonic orders into 100s.
A word of caution: Harmonics can create inaccurate readings on devices that do not give “true RMS” readings.
Voltage and current meters commonly found in rack-mounted power strips and similar devices are frequently
unreliable in a harmonics-rich environment. If such meters are relied upon to calculate power usage effectiveness
(PUE™), the results may be misleading.
V. Acceptable Harmonics Limits
Specifications for the maximum acceptable voltage distortion emissions may vary from one IT device to another,
but they are typically 5% Total Harmonic Distortion (THD) and no single harmonic greater than 3%. Table 2
provides the harmonic limits recommended in IEC 61000-3-2.
Table 2. IEC recommendation for harmonic emission limits
Harmonic
3
5
7
9
13
Other odd harmonics upto 39

Maximum Permissible Harmonic Current Per Watt
3.4
1.9
1
0.5
0.35
3.85/n

The conversion of distributed AC power to DC power at critical loads is always accompanied by the generation
of higher-frequency harmonics. A DC distribution system will minimize this issue, as will additional mitigation
equipment as discussed later in this paper.
VI. Harmonics and Efficiency
CAUSES OF EFFICIENCY LOSS
Several factors contribute to reductions in data center systems’ efficiency caused by harmonics. Typically, the
issues are a tradeoff between efficiency, costs, and tolerable harmonic amounts that need to be reviewed by
each data center and its particular business case.
Aside from ordinary resistive losses, losses in a conductor also occur because of the skin effect. At higher
frequencies, the current in a wire flows to the outer surface of the conductor. The core is not utilized fully
(i.e., the same current flows in a smaller conductor), which further increases losses and decreases efficiency. In
general, if the distances are short and the cables are well dimensioned, the effect of harmonics will be minimal.
When transmission distances are longer and conductors are operating near their rated power levels, their
efficiency may be noticeably decreased.
Second, transformer eddy currents, hysteresis, and core losses from the additional heat of the harmonics all
can reduce efficiency. Triplen harmonics can also induce heating inside an enclosure, resulting in a secondary
loss mechanism. In this situation, the current does not sum to zero; where there was originally no current, there
now is current. This means additional losses because of the increase in circulating currents in the neutrals.
These triplen harmonics are higher in frequency in the neutral, which can then induce more currents on top of
that via inductive coupling (similar to a transformer). This heats the enclosure, which is both wasteful and
dangerous.
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Transformers that are removed for efficiency gains can also have negative effects. Removal means harmonics
can now flow back to the UPS, which could be a problem if the UPS is unable to handle them. In addition,
losses in other mitigation components (such as active or passive filters, power factor correction equipment, and
transformers) can reduce efficiency in the overall system.
The UPS inverter may need to carry high peak currents and experience higher switching losses in semiconductors,
which again translates to lower inverter efficiency. The UPS efficiency losses caused by the harmonics are
more significant for low loads than for higher loads. At higher loads, the fundamental is greater and dominates
the power flow. At lower loads, the fundamental is lower, so the effect on harmonics is larger. Developed by
the Institute of Electrical and Electronics Engineers (IEEE), the IEEE 519 standard introduces the concept of
total demand distortion (TDD), which allows a higher level of harmonics at lighter loads to account for this
situation even though the THD percentage of harmonics increases at lower loads, the absolute harmonic levels
are lower overall in the system.
HOW MUCH IS TOO MUCH? THE EFFICIENCY TRADEOFF
The problems currently associated with harmonics found in data centers are much different from the harmonics
issues of past decades. Today, equipment is more sensitive to input power. The main concern is the amount of
voltage distortion. Active PFC is available on server power supplies and works well to mitigate effects of
harmonic currents, but it can come with a cost to efficiency. It is important to find the balance of PFC, harmonics,
and efficiency. When PFC is not tightly regulated, efficiency can increase. Some harmonic currents and voltage
distortion might result, but they may remain within a range deemed tolerable by the data center operator. The
expense of having a power factor at or near unity is incrementally higher than it would be (for example) for a
power factor in the range of 0.8 to 0.9 (leading or lagging).
While low-level harmonics do have an effect on the efficiency of the data center, that effect is relatively small
compared with other sources of inefficiency. In general, if a data center is looking to gain efficiency but does
not have major harmonics issues (e.g., THD is <15% for current and <8% for voltage), harmonics mitigation
will likely not yield much in efficiency gains.
As a general guideline, for every percentage point that THDi increases, there may be a 2% increase in losses
(half from the copper and half from the transformers) in the electrical system. To determine a specific site’s
losses due to harmonics, the harmonics losses must be calculated per branch circuit and feeder circuit and
summed up. Always conduct a harmonic study when a data center is new (i.e., acceptance testing), after the
data center is fully populated and running applications, and then again following any major updates; the studies
should be conducted during both standard and contingency operation modes. Particularly for high-frequency
harmonics, efficiency points may be gained through line loss reduction.
VII. Mitigating Harmonics
Harmonics mitigation has a point of diminishing returns; the closer one tries to get to zero harmonics, the harder
(i.e., more costly) it is to reduce them further. Harmonics can be minimized both in existing data centers and in
the design of a new data center. Mitigating harmonics is an important consideration when designing a power
system for a data center. Computer simulations can be conducted to predict what harmonics could arise from
a system. Some specifications are available for facilities and systems that deal with harmonics.
UPSs
When connecting loads to the UPS, it is obvious that the UPS inverter must be able to handle the total amount
of harmonic currents pulled from it by downstream equipment. One aspect often overlooked is that any upstream
bypass source must also be able to handle all harmonics and nonlinear loads when the UPS is in bypass mode
(for maintenance or in response to a fault), as well as any harmonic currents created by the UPS itself. For
example, a generator’s pole pitch can either amplify or suppress harmonics. The generator’s internal impedance
will also be a factor in the severity of the harmonics. Table 3 gives some examples of devices commonly found
in data centers that can change the impedance within the power system.
Some static UPSs and rectifiers—especially 6- and 12-pulse rectifiers using Silicon-Controlled Rectifiers
(SCRs)—can create enough harmonic currents to interfere with the regulation of upstream generators. A lower
impedance generally means a higher potential fault current, which in turn can mean that all circuit breakers
downstream may have to be rated with a higher current interrupting capacity (kAIC).
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Table 3. Comparison of impedance characteristic of various power equipment types
Device
Transformer less static Ups
Utility transformer
Ups with transformer
Generator Set

Typical Impedance
Zero up to current limit
5-7%
4-10%
12-20%

TRANSFORMERS
Making modifications to an existing system, such as replacing a transformer-based PDU with a transformerless
PDU to improve efficiency, can have a measureable impact on harmonics. Removing the transformer reduces
the impedance of the circuit, which can increase current harmonics while simultaneously decreasing voltage
harmonics. The consequences of this change should be reviewed prior to the removal of the PDU transformer.
De-rating the power capacity (i.e., the kVA rating) of a standard transformer may be necessary when nonlinear
loads are introduced into a data center. De-rating means a transformer is overrated in order to deal with the
harmonic currents. De-rating may not be the most desirable approach because a de-rated transformer takes up
more space and is physically heavier than other transformers, can cost more money, and puts out more heat.
A European-type distribution system (i.e., distributed neutral, four-wire system) does not use the three-wire,
wye isolation transformer that is found in North America. In the absence of a transformer, currents will sum in
the neutral. However, the neutral then takes the harmonic currents back to the service entrance (or the first
separately derived source).
When designing new systems, be sure to consider transformers that are designed for use with any anticipated
nonlinear loads. Such transformers are type-rated by “k-factor.” A higher k-factor indicates a higher compatibility
with nonlinear loads. Changing the k-factor rating to match the anticipated loads is important when dealing with
loads that create harmonics. However, higher k-factor transformers are more expensive and typically physically
larger, and they can be less efficient than non-k-factor-rated transformers. To mitigate the skin effect at high
frequencies, nonlinear transformer design should optimize the surface area of the conductors in the windings.
Greater surface area minimizes the skin effect; the more surface area there is, the less skin effect there is.
Rectangular conductors have greater surface area compared with round conductors. In the end, a smaller,
more efficient transformer that is sized appropriately and contains a better steel core (i.e., lower loss) may be
the best solution, even though it is more expensive.
Zigzag transformers can be obtained with varying phase shifts, and when applied properly, paralleled zigzag
transformers can cancel higher-order harmonics.
OTHER MITIGATION TECHNIQUES
Other harmonics mitigation techniques are available for new data centers in the design phase. These include
selecting PWM rectifiers over 12-pulse rectifiers, 12-pulse rectifiers over 6-pulse rectifiers, and high-frequency
PWM inverters over lower-frequency PWM inverters. Avoid equipment that has high surge start-up
characteristics. Reduce source impedances, and check for harmonic characteristics at lighter loads as well as
at heavier loads. Harmonics generation is a characteristic that needs to be considered during system design,
similar to other considerations. Higher-order frequency harmonics can be mitigated using waveform correction
technology.
As with all engineering design challenges, there are compromises with each harmonic mitigation technique. The
Green Grid recommends contacting a qualified power engineer for assistance with designing any new data
center.
FIXING HARMONICS WITH ADDITIONAL HARDWARE
Fixes for harmonics issues are available in many form factors and price ranges. Harmonic filters can be fitted on
site-wide UPSs. Zigzag transformers can act as a higher-order harmonics filter and be used when triplen
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harmonics are present for non-PFC loads, such as motor drives. Simply adding a zigzag transformer can
trigger side effects, however. For example, zigzag transformers add impedance for the source in addition to
their effect of cancelling or minimizing harmonics, and they are a passive filter that needs to be tuned and
reviewed carefully at installation. At the other end of the cost spectrum, active harmonic filters have higher
costs but can cover a broad spectrum with minimal tuning. It should be noted that adding any equipment
detracts from the reliability of the system, increases the need for maintenance, and usually reduces availability.
It is impossible to completely remove low-order harmonics from the electrical system. The amplitude of
low-order harmonics is large compared with higher-order harmonics, especially the 3rd and 5th harmonics. It
is preferable to select equipment that minimizes the generation of low order harmonics in the first place. To
mitigate low-order harmonic amplitudes, large chokes (harmonics filters) can be installed in series. These
chokes shunt the low order harmonic currents back to their source. It is a typical but not a preferred practice
to shunt higher-order harmonics to ground. However, injecting higher-order harmonics into ground conductors
can cause problems elsewhere. In addition, for personnel safety reasons, there are limitations imposed on total
ground current levels.
In view of the negative consequences of higher-order harmonic noise in a data center’s electrical system, the
Green Grid strongly recommends using a waveform-correcting technology that also has low pass filtering
capability to remove higher-order harmonics. Such waveform correctors should not shunt energy to the ground
and should be installed in parallel. (Series filters are relatively large in size and also consume more energy for
their no-load operation.) The most reliable solution is to design a system to handle expected harmonics without
overheating or producing too much voltage distortion.
VIII. Conclusion
Harmonic currents can be a major factor in power quality and efficiency issues within a data center and can be
a complex subject to understand. Causes of harmonic currents can come from any number of nonlinear loads
in the data center, including older IT server PSUs, non-server IT equipment, external power supplies for laptop
computers, electronic ballasts, variable frequency drives, UPSs in eco or bypass mode, and electronic and
magnetic ballasted lighting. The expectation is that without careful study and planning, harmonics in the data
center will continue to increase as the number and types of devices that generate harmonics are more widely
adopted. Mitigation techniques for harmonics are available, but without proper analysis and planning, they may
come at a cost to efficiency. Similarly, harmonics may increase as data centers strive to make improvements in
efficiency; careful study and analysis must be made to find the optimal balance of harmonic currents and
efficiency in the data center.
IX. About The Green Grid
The Green Grid Association is a non-profit, open industry consortium of end users, policy makers, technology
providers, facility architects, and utility companies that works to improve the resource efficiency of information
technology and data centers throughout the world. With its member organizations around the world, The Green
Grid seeks to unite global industry efforts, create a common set of metrics, and develop technical resources
and educational tools to further its goals. Additional information is available at www.thegreengrid.org.
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The greater danger for most of us is not that our aim is too high and we miss it,
but that it is too low and we reach it – MICHELANGELO
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COME LIVE IN THIS ZERO CARBON
HOME FOR FREE
Australian property developer Mirvac, announced a plan to build an ultra-sustainable
home which will not generate any electricity bills, and is inviting one family to live
rent-free in the property for a year.

An artists impression of what the House with No Bills in Cheltenham, Melbourne, will look like. Image: Mirvac

Dubbed the House with No Bills , the three-bedroom unit will be built in Mirvac’s new development at Jack
Road in Melbourne’s Cheltenham suburb, and is part of the company’s efforts to reduce its environmental and
social impact by offering affordable, off-grid homes to communities.
John Carfi, head of residential development, Mirvac, said: “We want to reduce the everyday cost of living for
home owners and protect them against rising energy and utility prices.” This will also help people live
self-sufficiently and sustainably in their homes, he added.
Mirvac’s move is the latest in a series of strides by Australia’s building sector to improve its environmental
performance. The green building movement has gained much traction in the country in recent years, with more
than 1,000 projects certified under the Green Star programme, a national rating scheme for sustainable buildings.
Romilly Madew, chief executive officer of the Green Building Council of Australia (GBCA), noted that sustainable
building designs and technologies have been a mainstay of commercial buildings for some years now. Mirvac’s
initiative has the potential to drive the adoption of similar solutions in residential developments, she added.
The house, which will commence construction early next year and be completed by late 2017, aims to be
carbon positive - that is, when a home generates more energy from renewables than it uses and sells the
surplus back to the grid. In such a home, residents offset any energy costs they rack up by selling
renewable power to utilities.
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Mirvac’s project will look like a typical home, but will be kitted out with sustainability features such as rooftop
solar panels, energy efficient appliances, and increased roof insulation.It will also make use of passive design,
an architectural technique which maximises use of surrounding environmental factors such as sunlight or shade,
to reduce the need for lighting, heating, and cooling.
Mirvac will also install smart meters and energy monitoring systems to help home-owners track their power use
and costs. Carfi shared that the first phase of this project will entail a year-long study of the family invited to live
for free to track how average families consume energy and to measure the performance of sustainable technology
and design features in the house.
Such a study is an industry first, and will help Mirvac understand how to scale up the construction of homes
where resident’s do not have to pay for energy, he noted. Mirvac is looking for a family of four to participate in
this study by spending a year in the house after construction ends. They must be first-time home buyers, and
two residents should be children. At least one member of the household should be in a care-based industry
such as education or nursing.
The company may also provide the family with electric cars and bicycles for the duration of their stay to help
them reduce their transport costs and associated greenhouse gas emissions.Following the year-long study, Mirvac
will explore ways to minimise and offset the costs of water and sewage bills in new development sites, noted
Carfi, adding that “we will also use the learnings from phase one to identify the potential of going fully
off-grid”. GBCA’s Madew added that Mirvac’s study is an important study in creating affordable and energy
efficient communities across the country.

MILESTONE IN SOLAR CELL EFFICIENCY
BY UNSW ENGINEERS
Australian engineers have edged closer to the theoretical limits of sunlight-to-electricity conversion
by photovoltaic cells with a device that sets a new world efficiency record.
A new solar cell configuration developed by engineers at the University of New South Wales has pushed
sunlight-to-electricity conversion efficiency to 34.5% – establishing a new world record for unfocused sunlight
and nudging closer to the theoretical limits for such a device.The record was set by Dr Mark Keevers and
Professor Martin Green, Senior Research Fellow and Director, respectively, of UNSW’s Australian Centre for
Advanced Photovoltaics, using a 28-cm2 four-junction mini-module – embedded in a prism – that extracts the
maximum energy from sunlight. It does this by splitting the incoming rays into four bands, using a hybrid
four-junction receiver to squeeze even more electricity from each beam of sunlight.
The new UNSW result, confirmed by the US National Renewable Energy Laboratory, is almost 44% better
than the previous record – made by Alta Devices of the USA, which reached 24% efficiency, but over a larger
surface area of 800-cm2. “This encouraging result shows that there are still advances to come in photovoltaics
research to make solar cells even more efficient,” said Keevers. “Extracting more energy from every beam of
sunlight is critical to reducing the cost of electricity generated by solar cells as it lowers the investment needed,
and delivering payback faster.” The result was obtained by the same UNSW team that set a world record in
2014, achieving an electricity conversion rate of over 40% by using mirrors to concentrate the light – a technique
known as CPV (concentrator photovoltaics) – and then similarly splitting out various wavelengths. The new
result, however, was achieved using normal sunlight with no concentrators.
“What’s remarkable is that this level of efficiency had not been expected for many years,” said Green, a
pioneer who has led the field for much of his 40 years at UNSW. “A recent study by Germany’s Agora
Energiewende think tank set an aggressive target of 35% efficiency by 2050 for a module that uses
unconcentrated sunlight, such as the standard ones on family homes.”So things are moving faster in solar cell
efficiency than many experts expected, and that’s good news for solar energy,” he added. “But we must
maintain the pace of photovoltaic research in Australia to ensure that we not only build on such tremendous
results, but continue to bring benefits back to Australia.”
Australia’s research in photovoltaics has already generated flow-on benefits of more than
$8 billion to the country, Green said. Gains in efficiency alone, made possible by UNSW’s PERC cells, are
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forecast to save $750 million in domestic electricity generation in the next decade. PERC cells were invented
at UNSW and are now becoming the commercial standard globally. The record-setting UNSW mini-module
combines a silicon cell on one face of a glass prism, with a triple-junction solar cell on the other.
The triple-junction cell targets
discrete bands of the incoming
sunlight, using a combination of
three layers: indium-galliumphosphide; indium-galliumarsenide; and germanium. As
sunlight passes through each layer,
energy is extracted by each junction
at its most efficient wavelength,
while the unused part of the light
passes through to the next layer,
and so on.
A diagram of the spectrum-splitting,
four-junction mini-module
developed at UNSW.
Some of the infrared band of
incoming sunlight, unused by the
triple-junction cell, is filtered out
and bounced onto the silicon cell,
thereby extracting just about all of
the energy from each beam of
sunlight hitting the mini-module.
The 34.5% result with the 28 cm2 mini-module is already a world record, but scaling it up to a larger
800-cm2 – thereby leaping beyond Alta Devices’ 24% – is well within reach. “There’ll be some marginal loss
from interconnection in the scale-up, but we are so far ahead that it’s entirely feasible,” Keevers said. The
theoretical limit for such a four-junction device is thought to be 53%, which puts the UNSW result two-thirds
of the way there. Multi-junction solar cells of this type are unlikely to find their way onto the rooftops of homes
and offices soon, as they require more effort to manufacture and therefore cost more than standard crystalline
silicon cells with a single junction. But the UNSW team is working on new techniques to reduce the manufacturing
complexity, and create cheaper multi-junction cells.
However, the spectrum-splitting approach is perfect for solar towers, like those being developed by Australia’s
RayGen Resources, which use mirrors to concentrate sunlight which is then converted directly into electricity.The
research is supported by $1.4 million grant funding from the Australian Renewable Energy Agency (ARENA),
whose CEO Ivor Frischknecht said the achievement demonstrated the importance of supporting early stage
renewable energy technologies.
“Australia already punches above its weight in solar R&D and is recognised as a world leader in solar innovation,”
Frischknecht said. “These early stage foundations are increasingly making it possible for Australia to return
solar dividends here at home and in export markets – and there’s no reason to believe the same results can’t be
achieved with this record-breaking technology.”He noted that the UNSW team is working with another
ARENA-supported company, RayGen, to explore how the advanced receiver could be rolled out at concentrated
solar PV power plants.” With the right support, Australia’s world leading R&D is well placed to translate into
efficiency wins for households through the ongoing roll out of rooftop solar and utility-scale solar projects such
as those being advanced by ARENA through its current $100 million large-scale solar round, he added. “Over
the longer term, these innovative technologies are also likely to take up less space on our rooftops and in our
fields.”
Other research partners working with UNSW include Trina Solar, a PV module manufacturer and the U.S.
National Renewable Energy Laboratory.
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GAS TURBINE TECHNOLOGY
Gas turbines convert the energy from burning fuel
via three main elements - a compressor, combustor
and turbine. As gas turbines operate in a continuous
thermodynamic cycle, they have a higher power
density than internal combustion engines.A gas
turbine can accelerate air to create thrust (aero
engines) or drive generators to make electricity, or
turn pumps and ship propellers (industrial / marine
gas turbines).
Fans
The fan in a gas turbine draws air into the engine,
compressing the bypass stream to produce 80 per
cent of the engine’s thrust, and feeding air to the gas
turbine core.
The hollow, titanium wide-chord fan blade,
pioneered by Rolls-Royce and introduced into airline
service in the 1980s, set new standards in
aerodynamic efficiency and resistance to foreign
object damage. Since that time we have continued
to innovate and improve on our design of
wide-chord fan blades. Designed specifically for
high-bypass turbofans, the breadth of these blades
sets them apart from the narrow and less efficient
earlier equivalents.
Compressors
The primary purpose of the compressor is to
increase the pressure of the air through the gas
turbine core. It then delivers this compressed air to
the combustion system.
The compressor comprises the fan and alternating
stages of rotating blades and static vanes.
Advanced aerodynamics
Rotors and stators embody an aerodynamic design
to maximise the efficiency of the compression
process. The evolvement of aerodynamic design has
been made possible by the continued development
of computational fluid dynamics allowing accurate
modelling of the airflow.
Ice protection
The Trent 1000 anti-icing function is designed to
prevent ice formation due to water freezing as it hits
cold metal. The core engine section stators (ESS)
warm-air, anti-icing bleed (delivered from the
Intermediate Pressure compressor) is switched
on automatically only when needed, such as during descent – controlled by rating, altitude, ambient temperature,
and forward speed – and on the ground during taxi in cold conditions such as freezing fog. The heated ESS
removes the requirement for most fan anti-icing procedures.
Combustion
Fuel and air are mixed and burned within the combustion chamber to convert chemical energy of the fuel into
thermal energy within the gas-stream prior to entry into the turbines.
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The needs of the system depend greatly on the application (civil aerospace, military aerospace, marine or
power generation). However there are many common themes of technology that span all sectors.
Emissions and pollutant reduction
The key discriminating technology of combustion is the generation and control of pollutant emissions - In
particular NOx, particulate matter, un-burned hydrocarbons and carbon monoxide. For each product, these
are closely regulated and monitored. Rolls Royce has a clearly laid out, long term strategy and commitment to
control gaseous emissions.
Military combustion
The requirements in the military sector are complementary to other business sectors but also have unique
elements of their own. The design of the main combustion system is driven far more by constraints of weight
and excursions to extremely high fuel:air ratio, which can have implications for stealth. The reheat system or
afterburner also requires distinctive technology, being the only application in our business where low pressure
combustion is required in vitiated (oxygen reduced) air.
Manufacturing technology
Research and technology is undertaken in a wide range of areas to improve the productivity of existing processes
and to develop new manufacturing processes. The focus of this work is cost reduction and increased design
capability.
Hot end technology
The temperatures within the combustion chamber are amongst the hottest in the engine yet they are still expected
to last the many hours of operation between service and overhaul. This requires substantial technology in the
form of wall materials (both metallic and ceramic), coatings and manufacturing technology.
Turbines
Rolls-Royce has a variety of turbine architectures to suit each application.
The tradition of Rolls-Royce three-shaft engines for the large civil market has allowed the optimisation of
power extraction through the turbine and improves overall engine efficiency. The three-shaft architecture also
brings benefits to three-shaft marine and large military applications.
Two shaft turbine designs for corporate, regional and defence applications have been optimised and developed
through advanced aero dynamics and materials.
This architecture allows an engine to have fewer stages giving a shorter, stiffer structure.
An increasingly detailed understanding of the turbine is necessary to produce more fuel efficient engines.
Measurements from turbine rigs provide accurate data vital for analysing the complex external and internal air
flows in the harsh environment of the turbine. Techniques for taking detailed turbine measurements in a running
engine enhance understanding and increase the store of reliable data for computer code validation.
The turbine is dependent on three main
components being developed and working
correctly; the blade, nozzle guide vane and seal
segment.
The turbine blade is the rotating component
within the turbine which presents many
challenges to the design and manufacturing
communities. This component leads the way
in terms of future technology. Below are some
of the key technologies to be implemented on
to the turbine blade.
The nozzle guide vane is a static engine component
which has the main function of cleaning up flow
from the upstream blade and is key to maximising
downstream blade performance. Below are some
of the key technologies to be implemented on to
the Turbine Nozzle Guide Vanes:
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The Seal segment is crucial to reducing over tip leakage over the blade helping to maximise blade performance.
Below are some of the key technologies to be implemented on to the Seal segments:
About The Company
Rolls-Royce is one of the most famous brands in the world. It is also one of the company’s most important
assets: it opens doors to new business; reassures existing customers; attracts talented people and
differentiates us from our competition.
A strong brand also gives the company the ability to move into new markets with confidence and today
as well as having a strong presence in aerospace and marine, we are growing in civil nuclear and
reciprocating engines.
Our reputation for engineering excellence has been built over 110 years, today however, reputation also
depends on service and performance – how we deliver on our promises.
Our brand promise of ‘trusted to deliver excellence’ embodies the values of the business: trust, deliver
and excellence.
Trust: is something we know can only be earned. It comes from the way we behave towards our
colleagues, our customers, shareholders and partners. They need to know we can be relied on to do the
right things in the right way.
Deliver: part of earning trust is delivering on our promises. We seek to meet our customers’ needs by
ensuring the quality, performance and reliability of our products and matching this with first-class
services that add value and that they can rely upon.
Excellence: standard, a way of life; few companies can aim higher. If we can be trusted and we deliver
on our promises then we will be regarded as an excellent company; one that people are proud to work
for, work with and, invest in.

UNEXPECTED DISCOVERY LEADS
TO A BETTER BATTERY
An unexpected discovery has led to a rechargeable battery
that’s as inexpensive as conventional car batteries, but has a
much higher energy density. The new battery could become
a cost-effective, environmentally friendly alternative for
storing renewable energy and supporting the power grid.
A team based at the Department of Energy’s Pacific
Northwest National Laboratory identified this energy storage
gem after realizing the new battery works in a different way
than they had assumed. The journal Nature Energy published
a paper today that describes the battery.
“The idea of a rechargeable zinc-manganese battery isn’t
new; researchers have been studying them as an inexpensive,
safe alternative to lithium-ion batteries since the late 1990s,”
said PNNL Laboratory Fellow Jun Liu, the paper’s
corresponding author. “But these batteries usually stop
working after just a few charges. Our research suggests these
failures could have occurred because we failed to control
chemical equilibrium in rechargeable zinc-manganese energy
storage systems.”
Chemically inclined
After years of focusing on rechargeable lithium-ion batteries,
researchers are used to thinking about the back-and-forth
shuttle of lithium ions. Lithium-ion batteries store and release
energy through a process called intercalation, which involves
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lithium ions entering and exiting microscopic spaces in between the atoms of a battery’s two electrodes.
This concept is so engrained in energy storage research that when PNNL scientists, collaborating with
the University of Washington, started considering a low-cost, safe alternative to lithium-ion batteries “ a
rechargeable zinc-manganese oxide battery “ they assumed zinc would similarly move in and out of that battery’s
electrodes.
After a battery of tests, the team was surprised to realize their device was undergoing an entirely different
process. Instead of simply moving the zinc ions around, their zinc-manganese oxide battery was undergoing a
reversible chemical reaction that converted its active materials into entirely new ones.
Attractive alternative
Liu and his colleagues started investigating rechargeable zinc-manganese batteries because they are attractive
on paper. They can be as inexpensive as the lead-acid batteries because they use abundant, inexpensive materials
(zinc and manganese). And the battery’s energy density can exceed lead-acid batteries. The PNNL scientists
hoped they could produce a better-performing battery by digging deeper into the inner workings of the zincmanganese oxide battery.
So they built their own battery with a negative zinc electrode, a positive manganese dioxide electrode and a
water-based electrolyte in between the two. They put small, button-sized test batteries through the wringer,
repeatedly charging and discharging them. As others had found before them, their test battery quickly lost its
ability to store energy after just a few charging cycles. But why?
Detailed investigation
To find out, they first performed a detailed chemical and structural analysis of the electrolyte and electrode
materials. They were surprised to not find evidence of zinc interacting with manganese oxide during the battery’s
charge and discharge processes, as they had initially expected would happen. The unexpected finding led them
to wonder if the battery didn’t undergo a simple intercalation process as they had previously thought. Perhaps
the zinc-manganese battery is less like a lithium-ion battery and more like the traditional lead-acid battery,
which also relies on chemical conversion reactions.
To dig deeper, they examined the electrodes with several advanced instruments with a variety of scientific
techniques, including Transmission Electron Microscopy, Nuclear Magnetic Resonance and X-Ray Diffraction.
The instruments used were located at both PNNL and the Environmental Molecular Sciences Laboratory
(EMSL), a DOE Office of Science user facility located at PNNL. Combining these techniques revealed
manganese oxide was reversibly reacting with protons from the water-based electrolyte, which created a new
material, zinc hydroxyl sulfate.
Typically, zinc-manganese oxide batteries significantly lose storage capacity after just a few cycles. This happens
because manganese from the battery’s positive electrode begins to sluff off, making the battery’s active material
inaccessible for energy storage. But after some manganese dissolves into the electrolyte, the battery gradually
stabilizes and the storage capacity levels out, though at a much lower level.
A simple fix
The team used the new knowledge to prevent this manganese sluff-off. Knowing the battery underwent chemical
conversions, they determined the rate of manganese dissolution could be slowed down by increasing the
electrolyte’s initial manganese concentration.
So they added manganese ions to the electrolyte in a new test battery and put the revised battery through
another round of tests. This time around, the test battery was able to reach a storage capacity of 285 milliAmperehours per gram of manganese oxide over 5,000 cycles, while retaining 92 percent of its initial storage capacity.
“This research shows equilibrium needs to be controlled during a chemical conversion reaction to improve
zinc-manganese oxide battery performance,” Liu said. “As a result, zinc-manganese oxide batteries could be a
more viable solution for large-scale energy storage than the lithium-ion and lead-acid batteries used to support
the grid today.”
The team will continue their studies of the zinc-manganese oxide battery’s fundamental operations. Now that
they’ve learned the products of the battery’s chemical conversion reactions, they will move on to identify the
various in-between steps to create those products. They will also tinker with the battery’s electrolyte to see
how additional changes affect its operation.
This research was supported by DOE’s Office of Science and used resources at the Environmental Molecular
Sciences Laboratory (EMSL), a DOE Office of Science user facility located at PNNL.
Source: US Dept of Energy
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SOLAR WIND ENERGY, INC. OFFERS A BOLD NEW
APPROACH TO OVERCOME THE CURRENT LIMITATIONS
OF CONVENTIONAL WIND ENERGY SOURCES
First-To-Market Hybrid Solar-Wind Energy Technology
The Solar Wind Downdraft Tower is the first hybrid solar-wind renewable energy technology in the market.
The patented structure is comprised of a tall hollow cylinder with a water injection system near the top and
wind tunnels containing turbines near the bottom.

To start, a series of pumps deliver water to the Tower’s injection system at the top where a fine mist is cast
across the entire opening. The water introduced by the injection system then evaporates and is absorbed by
hot dry air which has been heated by the solar rays of the sun. As a result, the air becomes cooler, denser and
heavier than the outside warmer air, and falls through the cylinder at speeds up to and in excess of 50 mph. This
air is then diverted into wind tunnels surrounding the base of the Tower where turbines inside the tunnels power
generators to produce electricity.
In geographic areas where atmospheric conditions are conducive, the exterior of the Tower may be constructed
with vertical “wind vanes” that capture the prevailing wind and channel it to produce supplemental electrical
power. This dual renewable energy resource greatly enhances its clean energy-producing capability and
productivity.
Solar Wind Energy’s Tower is unique in that it does not have any operational limitations in terms of time. It’s
capable of operating around the clock, 24 hours per day, and seven days per week. Whereas there are
operational limitations with solar collectors that work only when the sun shines, and with wind turbines that
work only when the wind blows.
It also has the ability to be operated with virtually no carbon footprint, fuel consumption, or waste production.
It generates clean, cost effective and efficient electrical power without damaging effects.
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Proprietary Global Energy Generation Calculator
To complement its renewable energy technology and aid in its expansion efforts, Solar Wind Energy developed
a proprietary software based analytical program to determine the energy generation capabilities of its Towers
based on the climate in geographic locations around the world, and has taken the appropriate steps to protect
its intellectual property invention. This essential tool applies “known” scientific meteorology data of a specific
area to the Tower’s variables in order to determine and project energy outputs on a daily basis. Advancements
in the scientific community over the last decade make it possible to predict and pin-point specific weather
conditions and have provided significant insights into the tool’s development process and direction.
Solar Wind Energy’s analytical tool, combined with its proprietary technology and existing core patents, provide
it with a unique opportunity to plan and target the global positioning of its Towers to help meet the world’s
energy needs. Solar Wind Energy can now rapidly respond to a request from virtually any country reasonably
suitable to host a project and determine specifically where the Tower should be located, the size of it and the
amount of electricity it can produce.
Abundant, Clean, Economical Energy Production
Through consistent innovation, the Company has successfully managed to economize the Tower, reducing
capital costs while enhancing projected financial performance. This development was made possible by utilizing
its Global Energy Generation Calculator software which can calculate and predict energy production of the
Towers given a projected location and incorporating that locations’ local weather data. By feeding weather
data of its future site location into the program, the Tower’s height and
diameter can be adjusted along with the amount of water required as
fuel to create a desired amount of energy. The outcome dictates the
optimum size of each Tower.
Under the most recent design specifications, the Tower designed for a
site near San Luis, Arizona, has a gross production capacity on an
hourly basis, of up to 1,250 megawatt hours. Due to lower capacities
during winter days, the average hourly output per day for sale to the
grid for the entire year averages approximately 435 megawatt
hours/hr.
Each Tower will be constructed on location using conventional materials,
equipment and techniques, associated industries, as well as local
workers in the surrounding town or city. Each location will benefit
significantly from the creation of professional manufacturing,
construction and transportation jobs, in addition to having a high
efficiency energy resource close by – providing clean renewable energy
at a cost more favourable than nuclear plants with no negative impacts
to the environment.
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ANTARCTIC GLACIER MELT
COULD RAISE SEA LEVEL BY 3M
A huge glacier in
the
frozen
wastes of East
Antarctica, a
r e g i o n
previously
thought stable,
could melt much
faster
than
expected,
scientists say.
One
of
A n t a r c t i c a ’s
great glaciers
could become
unstable if global
w a r m i n g
continues at the
present pace. As
warm seas wash
the ice shelf, the
land-based mass of ice could begin to retreat, cross a critical threshold in the present century and then withdraw
300 kilometres inland. In the course of doing so it would spill tremendous quantities of water into the oceans:
enough to raise global sea levels by 2.9 metres and threaten cities that are home to billions.
And here is the bad news: glaciologists have known for decades that West Antarctica’s ice sheets are unstable.
But the Totten glacier is part of the East Antarctic Ice Sheet, a mass of ice most researchers had believed to be
stable and highly unlikely to lose much of its ice, even in a warming world. Scientists from Australia, New
Zealand, the US and Britain report in Nature that they explored the underlying geology of the Totten glacier to
build up a picture of its advance and retreat over many millions of years.
Greater vulnerability
“The evidence coming together is painting a picture of East Antarctica being much more vulnerable to a warming
environment than we thought,” said Martin Siegert, co-director of the Grantham Institute at Imperial College
London. “This is something we should worry about.”Totten Glacier is losing ice now, and the warm ocean
water that is causing this loss has the potential to also push the glacier back to an unstable place.”In the past
few years researchers have pinpointed the insidious effect of warming sea currents, and identified immediate
hazards to the glaciers of the fast-warming West Antarctic region.They have, in separate studies, warned that
climatologists may have under-estimated the pace of change and even proposed scenarios in which the loss of
ice over the whole continent could become inexorable.
But nobody expected any of these things to happen, or even begin to happen, in a human lifespan. Even in a
rapidly-warming world, Antarctica will remain the coldest place on Earth, sheathed by 30 million cubic kilometres
of ice, containing 70 per cent of the planet’s fresh water, a mass so vast that – were it to melt entirely – sea
levels would rise by 60 metres.
The latest study suggests that rapid melting could begin within the next century. ”Totten Glacier is only one
outlet for the ice of the East Antarctic Ice Sheet, but it could have a huge impact,” said Professor Siegert. “The
East Antarctic Ice Sheet is by far the largest mass of ice on earth, so any small changes could have a big
influence globally.”
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Interesting Facts about Antartica
1. Antarctica is the coldest, windiest, highest and driest continent on the planet.
2. Antarctica is a desert, even though it holds 70 percent of the world’s freshwater.
3. The annual snow accumulation across much of East Antarctica adds up to less than two inches of rain.
This is actually very comparable to the Sahara Desert.
4. In wintertime, the sea ice around Antarctica grows at the rate of 40,000 square miles a day
5. Only 2 percent of the continent is actually exposed
6. Antarctica’s ice is so heavy that it deforms the South Pole. In fact, its weight makes the Earth look slightly
pear shaped
7. Antarctica holds the top spot for the lowest recorded temperature on Earth, which was
−129°F (−84.5°C) at the Russian Vostok station in 1983. At this temperature steel will shatter and water
will explode into ice crystals.
8. The continent experiences regular Katabatic (downhill) winds, reaching 300 km per hour
(185 miles/hour), that blow out of the continental interior
9. The first people to reach the South Pole were from the Norwegian-led expedition of Roald Amundsen on
December 14, 1911.
10. Today seven countries have made territorial claims (Argentina, Australia, Chile, France, New Zealand,
Norway and UK), but not all countries, including the USA and Russia, recognise these claims.
11. One of the biggest dangers to researchers and others living on the continent is actually fire. The dry
environment makes it very possible and hard to stop.
12. ANTARCTICA IS THE ONLY CONTINENT WITHOUT A TIME ZONE. The scientists who reside
there go by either the time of their home land or the supply line that brings them food and equipment.
THE ANTARCTIC AND CLIMATE
Local Antarctic effects of climate change are only part of the problem. Antarctica comprises two geologically
distinct regions, East Antarctica and West Antarctica, separated by the great Trans-Antarctic Mountains but
joined together by the all-encompassing ice sheet. The presence of the high ice sheet and the polar location
make Antarctica a powerful heat sink that strongly affects the climate of the whole Earth. Furthermore, the
annual sea ice cover around the continent, which seasonally reaches an area greater than that of the continent
itself, modulates exchanges of heat, moisture, and gases between the atmosphere and ocean and, through salt
rejection when it freezes, forces the formation of cold oceanic bottom waters that spread out under the world’s
oceans. Alterations to this system will affect climate all over the planet.
A map of West Antarctica with the West Antarctic Ice Sheet.Both the ice sheet and the sea ice are potentially
subject to change in a changing climate; the ice sheet, in fact, may be changing now in response to past climate
change. The greatest threat to the inhabited world comes from the West Antarctic ice sheet (WAIS), which
rests on a bed far below sea level and so may have the potential for rapid shrinkage. The Antarctic is so vast,
remote, and difficult to monitor, however, and the physical behaviour of the ice sheet so complex, that there is
as yet no definitive demonstration (or disproof) of such change, even though a pronounced climatic warming is
ongoing in one northerly portion of the continent. The Antarctic ice sheet contains sufficient ice to raise worldwide sea level by more than 60 meters if melted completely. The amount of snow deposited annually on the ice
sheet is equivalent to about 5 mm of global sea level, as is the mean annual discharge of ice back into the ocean.
Thus, a modest imbalance between the input and output of ice might be a major contributor to the present-day
rise in sea level (1.5–2 mm per year), but the uncertainty is large.
Antarctic species are dramatically impacted by climate as well. Krill often feed on algae underneath sea ice
and populations have been declining around the West Antarctic Peninsula as sea ice has decreased. Adélie
penguin populations have been declining in recent years due to reductions in krill populations and changing
weather conditions in their traditional nesting areas. Emperor penguins are highly vulnerable as well and are
predicted to suffer when the world’s average temperature increases by 2 degrees Celsius. Furthermore, a 2008
study has additionally identified Antarctic toothfish as highly vulnerable to climate change. Climate change in
Antarctica will thus have dramatic effects both globally and locally - and perhaps harm some of the world’s
most beloved species.
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SOLAR POWER IN INDIA CROSSED
THE MILESTONE OF 5,000 MW
The Ministry of New & Renewable Energy has
announced that the installed capacity of solar power in
India crossed the milestone of 5,000 MW. The
cumulative installed capacity has reached to 5,130 MW
with installed capacity of 1385 MW in current FY.
The state-wise break-up of 5,130 MW is given in the
Table below. The state of Rajasthan stands 1st in the
country with 1264 MW, followed by Gujarat
(1024 MW), Madhya Pradesh (679 MW), Tamil Nadu
(419 MW), Maharashtra (379 MW) and Andhra
Pradesh (357 MW).

target. Solar PV Power Projects by NTPC/NVVN;
setting up of 2000 MW Grid connected solar power
with Viability Gap Funding through Solar Energy
Corporation of India (SECI). This apart, an ambitious
scheme has been launched by the Ministry for
roof-top solar installation. Various state governments
are coming up with solar power projects under their
own policies.
Sr.
No.

The Government has set the ambitious target of
generating 100 GW of solar power by the year
2021-22 under the National Solar Mission. It is
envisaged to generate 60 GW ground mounted
grid-connected solar power and 40 GW through
roof-top grid interactive solar power to fulfil the
100 GW of solar power. The Ministry has also fixed
year-wise targets to monitor the solar power generation
in the country. The target for the current year is
2,000 MW and next year target is 12,000 MW. The
Ministry is putting all efforts through various schemes
of Central Government and State Governments to
achieve the targets. It has been planned that around
18,000 MW tender should be out by 31st March, 2016.
To achieve above stated objective, the Ministry of New
& Renewable Energy has initiated several projects like
Scheme for Development of Solar Parks and Ultra
Mega Solar Power Projects; Scheme for Development
of Solar PV Power Plants on Canal Banks/ Canal Tops;
Scheme for setting up 300 MW of Grid connected Solar
PV Power Projects by Defence Establishments under
Ministry of Defence and Para Military Forces with
viability Gap Funding; Scheme of setting up 1000 MW
of Grid- Connected Solar PV Power Projects by
CPSUs with Viability Gap Funding ; Scheme for Setting
up of 15000 MW of Grid connected to achieve this
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State/UT

1

Andhra Pradesh

357.34

2

Arunachal Pradesh

0.265

3

Chhattisgarh

73.18

4

Gujarat

1024.15

5

Haryana

12.8

6

Jharkhand

16

7

Karnataka

104.22

8

Kerala

12.025

9

Madhya Pradesh

678.58

10

Maharashtra

378.7

11

Odisha

66.92

12

Punjab

200.32

13

Rajasthan

1264.35

14

Tamil Nadu

418.945

15

Telangana

342.39

16

Tripura

17

Uttar Pradesh

140

18

Uttarakhand

5

19

West Bengal

7.21

20

Andaman & Nicobar

21

Delhi

6.712

22

Lakshadweep

0.75

23

Pondicherry

0.025

24

Chandigarh

5.041

25

Daman & Diu

26

Others
Total

39

Total commissioned
capacity till
14-01-16 (MW)

5

5.1

4
0.79
5129.813

ENERGY CONSERVATION THROUGH
ENERGY EFFICIENCY – 16
Energy Conservation through ‘Overall’ Efficiency
Improvement of Motor Driven Systems:
It is important to remember that out of the ‘End Use Forms’ of Energy, namely HEAT, FUEL and ELECTRICITY,
almost 60% of the Energy is Electricity. This Percentage is steadily increasing and almost 80% of Electrical
Energy is used through Electric Motors, to ‘Convert’ Electrical Energy to Mechanical Energy to put the Energy
to ‘Productive Use’. It can, therefore be seen; that almost 50% of all Energy use is through Motors and this is
an important area to examine for ‘Energy Conservation through Energy Efficiency’.
A study has shown that the ‘Overall’ Motor Driven System Efficiency (this is dealt in some elaboration in the
later part) of all uses of Motors in all applications put together (Industries, Agriculture, Commercial, Domestic,
Municipal etc) is as low as 25%, which means that 75% of Energy is wasted as losses. Assuming that the
overall Efficiency is improved to 50%, which incidentally is the International Standards, as per the study referred,
we can estimate the massive Energy Conservation that will be achieved. The Overall Efficiency is also referred
as “End Use Efficiency”.
A simple calculation – Present Total Generation of Electricity in India is (Appx) 1000 Billion Units PA
Accounting T & D Losses of 40% (up to the point of utilization) 600 Billion Units come for ‘End Use’
Motor Systems Consume 80% or 480 Billion Units.
If end use Efficiencies are improved to 50%, input Energy required for the same outputs would reduce to
240 Billion Units, accounting for a saving of 240 Billion Units at the end use level and a saving of
(240/0.6) 400 Billion Units at the Generation Level.
1 Ton of Coal (at 5000K.Cal/Kg) with 30% Generation Efficiency can Generate about 2000 Units
(1000 x 5000 x 0.3/ 860 = 1744 Units – 1 Kwh = 860 K.Cal)
50 Tons of Coal, 1 Lakh Units; 500 Tons 1 Million Units; 5 Lakh Tons = 1 Billion Units
400 Billion Units Generation reduction will account for 200 Million Tons of coal saving!?!?
This will certainly sound unbelievable, but this is the kind of potential available in saving of Coal (as presently
most of the Electricity is generated through Coal) ultimately through Efficiency improvements in end use through
Motors.
The Motor Driven System comprises of Drive (Motors), Driven (equipments like Pumps, Blowers, Compressors
and so on) and the Controls (Starter and other control devices if any), to convert Electrical Energy to useful
Mechanical Energy and achieve productive use of the Energy. The overall System Efficiency will depend on all
the 3 of the following combined –
a. Efficiency of the Drive (at the loads operating) – We have seen details of Energy Efficient Motors earlier.
b. Efficiency of the Driven Equipment (at the loads operating) – It may vary vastly depending on Solution to
Solution, selection and the Manufacturer
c. Efficiency of the Controls employed.
d. The illustration below will show that the ‘Overall’ System Efficiency will be better with better Equipment
Efficiencies and Control Efficiency.
Motor Speeds/ Output/ Output Control:
Reviewing some of the basics of Motor Speeds, Output and Output Controls, we understand that
120 x Frequency
Synchronous Speed (RPM) =
Poles
Synchronous Speed - Full Load Speed x 100
Slip (%) =
Synchronous Speed
‘SLIP’ is decided by the Rotor Design, Losses, Efficiency……….
‘SLIP’ or the Running Speeds decide the Actual Load and the Loading Speeds decide the ‘OUT PUT’ which
has to tune with requirements and hence the output control. The picture below shows the choices for output
control.
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The Electronic or AC Drive controls address the RPM of the Motors to
control the outputs and the RPM control has lot of relevance in the context
of Energy conservation due to “Affinity Law” which is applicable to
Centrifugal Loads (which form the bulk of the loads) where the –
Output is proportional to RPM and the Input is proportional to
RPM3
For example if the output is reduced by 20% by reducing the speed of
the Motor Electronically (VFD), the input power will be
0.8 x 0.8 x 0.8 = 0.512 or reduce by 48.8%. We have seen in Part 15
comparison of Energy Consumption with Mechanical and ‘Drive’ controls
of outputs in cases of Pumps and Blowers.
Concerning ‘End Use’ Energy Consumption and Electrical Energy
Conservation, the following technologies are considered as big
contributors.
¾ LED Lights
¾ VFD Drives
¾ EE Appliances and **** Marking
Let us examine the details of Technology and Applications about the
VFDs (Variable Frequency Drive) which concern the control of Motor
Driven Systems and Energy Conservation.
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VSDs and VFDs
Variable Speed Drives
VSDs, also known as adjustable
speed drives, works at different
speeds to help control the speed of
the machinery that it is controlling.
The ability to change speeds helps
when working on assembly lines, for
example, because various parts of
the line may need to operate at
different speeds. Additionally, not all
mechanical equipment is going to
work at the same speed so a
variable speed drive can help. VSD
types of drives can be mechanical,
hydraulic, electromechanical, or
electronic.
It is also important to note that there
may be a difference between a
variable speed drive and an
adjustable speed drive. The
adjustable speed drive works within
a preset range, but the operating
speed on a variable speed drive can
be adjusted outside of those limits.
Variable Frequency Drives
VFDs operate equipment at
different speeds as well, but it by
varying the voltage and/or frequency
of the electric motor. This type of
drive is beneficial because it allows
machinery to run at lower than full
speed. This provides cost efficiency
and reduces energy consumption.
Additionally, using a VFD may help
to improve the quality and lifetime
of the equipment and can
decrease production costs.
As can be seen, there are some
differences between a VSD and a
VFD, but there are also many
similarities. At times, a variable
frequency drive varies the speed of
the equipment that it is operating, so
it can actually be referred to as a
variable speed drive as well. Not all
variable frequency drives work this
way.
Variable Speed Drives, AC
drives, or inverters, Variable
Frequency Drives, or VFDs, are

responsible for controlling the speed and torque of an AC motor. It works by adjusting the voltage and input
frequency to synchronous motors. The recent technologies in VFDs are capable of simplifying the entire process
of adjusting the speed of AC motors with three phases.
3Ø , 415 V, 50 Hz Supply

Frequency
Setting
Signal

VFD
3Ø AC Output with Variable
Frequency
(Max. Value of Output Voltage
= Incoming Supply Voltage)

3Ø
I.M

3Ø Induction Motor

It is very important to have an in-depth understanding of how to configure, install and apply VFDs. After all,
there are some issues involved in the application and operation of VFD such as over-voltage, overload, selection,
grounding problems, electromagnetic field or electromagnetic interference and poor parameter settings or
configurations.
Primarily, VFDs have the capacity to prevent overload and adjust deceleration/ acceleration. These can also
minimize the in rush current in motors during startup, which is crucial when controlling the maximum power load
to its corresponding peak demand. So, when specifying a VFD, it is necessary to choose the appropriate drive
and know the application process involved. Be sure to take into account the load’s operating profile, whether
it is a constant torque application or a variable torque application.
To prevent drive overload, it is necessary to make it a point that the peak torque demand and maximum current
requirements are considered when selecting the size of the VFD. This is important since considering the KW
Ratings alone would not be able to meet the maximum demands on the motor.
VFD Basics:
Variable Output Frequency from the VFD is available, and from the relation for Induction Motors,
120 x F
RPM =
P
Where,
F = Frequency
P = No. of Poles
Speed in terms of RPM
If frequency changes, then speed of the Motor changes proportionately.
(To be continued)
S. Mahadevan, B.E., F.I.E., M.B.A.,
Consultant, Energy and Energy Efficiency,
Mobile: 98401 55209
“There are two kinds of solar-heat systems: ‘passive’ systems collect the sunlight that hits your home,
and ‘active’ systems collect the sunlight that hits your neighbors’ homes, too.” − DAVE BARRY
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LIJJAT POPAT

JASWANTIBEN JAMNADAS POPAT

JASWANTIBEN JAMNADAS POPAT
LIJJAT POPAT

Lijjat Papads: An Enterprise of the
Women, By the Women, For the women
Everyone enjoys ‘rags to riches’ stories
and everyone likes tales of stupendous

ENTREPRENEUR

success achieved through sheer determination. The story of seven
illiterate and poor women who borrowed Rs 80 to start the papad
business popularly known as Lijjat Papad, is indeed a fairy tale.
Lijjat had an annual turnover of around Rs. 650 crore
(over 100 million USD) in 2010, with Rs. 29 crore in exports. It
provides employment to around 42,000 people. Lijjat has 67
branches and 35 divisions all over India.
It is considered as one of the most remarkable entrepreneurial
initiatives by women that are identified with female empowerment
in India. Sticking to its core values for the past forty years, Lijjat
has ensured that every process runs smoothly, members earn a
comfortable profit, agents get their due share, consumers get the
assurance of quality at a good price, and society benefits from its
donations to various causes.
The chief value that holds the institution firmly is a sense of selfdignity and respect. The members share the same values, are a
democratic set up and, are from every community, every religion,
every language. They work together and dream together for a better
tomorrow. They leveraged their basic skill and turned it into a
weapon because they believed in themselves and in each other.
The growth of the Lijjat Brand is often seen in the larger canvas of
women and their empowerment. The members proudly claim
‘consistently good quality’ to be their USP. It is evident in the
fact that even without modern machines, every consumer of Lijjat
Papad, wherever she is, gets the same consistent quality of papad,
How?
Because every member rolls the papad to the same specification
and every lot of papad goes through testing. The quality does
not differ whether it is for exports or for the local market.
There is just one quality. And that’s good quality. Again and
again and again!

20 MOST PEACEFUL COUNTRIES IN THE WORLD - 20
MAURITIUS

According to the GPI Report 2013,
Mauritius is one of the most peaceful
nations on Earth and it was also ranked the
most peaceful country in Africa. The strong
score of this island country in the GPI
highlights the relative stability of the region
and thus further promotes it as a trusted
platform for wealth management services and
estate planning.
It’s a great advantage to live in a peaceful
country, and if you are lucky to live in one
of the above-mentioned countries, you
must be proud of it!
Courtesy: Amerikanki
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rPdh Nghw;Wk; ,e;jpa ‘kf;
kf;fs; kUj;JtH
tH’ - lhf;lH Nfhl;dp];
,e;j kUj;Jthpd; ngaH ,e;jpahtpy; mjpfg;
gpugyk; ,y;iy. Mdhy;> ,e;jpahTf;F tUk;
xt;nthU rPd mjpgUk; Nfhl;dp]pd; ngaiu
cr;rhpf;fj; jtWtjpy;iy. ,U ehl;L vy;iyg;
gpur;rpidfisj; jhz;b> rPdhtpy; ,d;iwf;Fk;
nghpjhf
kjpf; f g; g l; L > nfhz; l hlg; g LgtH
,e; j pa lhf; l H Nfhl; d p]
p]; .

mspf; F k; elkhLk; kUj; J tkidapy; mtH
gzpGhpe; j hH. Nghhpy; fhakile; j tHfSf; F r;
rpfpr;ir mspg;gjpy;> mWitrpfpr;irg; gphpTf;F
mtH nghWg;Ngw;wpUe;jhH.

mtUld; nrd;w kw;w ehd;F ,e;jpa
kUj;JtHfSk; ntt;NtW fhuzq;fSf;fhf ehL
jpUk;gptpl;l epiyapy;> mtH kl;LNk rPdhtpy;
njhlHe;J gzpahw;wpdhH. mtUf;F Kd;djhf
fdlhtpypUe;J cjt te;jpUe;j lhf;lH ehHkd;
ngj;J}Dk;> NghH ele;Jnfhz;bUe;j
fhyj;jpNyNa ,we;J NghapUe;jhH. mtUila
epidthf ngj;J}d; gd;dhl;L mikjp
kUj;Jtkid> NghHr; R+oypy; kpff; Fiwe;j
trjpfSld; cUthf;fg;gl;lJ. me;j
kUj;Jtkidapd; Kjy; jiytuhfg;
nghWg;Ngw;wtH Nfhl;dp];. NghHf;fs kUj;Jtf;
FOTf; F j; jiyik tfpf; F k; nghWg; G k;
Nfhl;dp]plNk te;jJ.
,e;jg; gpd;dzpapy; fhyj;ijAk; jd; cliyAk;
nghUl; g Lj; j hky; rP d kf; f Sf; F mtrpak;
Njitg; g l; l kUj; J t cjtpia lhf; l H
Nfhl; d p]; toq; f pdhH. me; j f; fhyj; j py;
Mapuf;fzf;fhd gil tPuHfSf;Fk; kf;fSf;Fk;
NghHf;fsj;Jf;F
mUfpNyNa
mtH
mWitrpfpr;ir nra;jJ rhjhuzkhdjy;y.
J}q; f h kUj; J tH
KOikahd trjpfs; ,y;yhj R+oy;. fLikahd
jl;gntg;gj;Jf;F ,ilapy; rpy Neuk;

,t;tsTf;Fk; rPdhtpy; mtH kUj;Jt
Nritahw;wpa fhyk; ntWk; Ie;J Mz;Lfs;jhd;.
me; j Ie; J Mz; L fSk; etP d rpP d htpd;
tuyhw;wpy; kpf kpf Kf;fpakhdit. mg;NghJjhd;
[g;ghDf;F vjpuhf rPd kf;fs; gil Nghhpl;Lf;
nfhz;bUe;jJ. NghHf; fsj;jpy; fhakile;j
tP u HfSf; F kUj; J tr; rpfpr; i r mspj; j J
kl; L kpy; y hky; > uhZt kUj; J tg; gzpapy;
,Ue;jtHfSf;F rPd nkhopapNyNa kUj;JtKk;
gapw;Wtpj;jhH lhf;lH Nfhl;dp];. rPd kf;fs;
,d;Wtiu mtiug; Nghw;wp tUtjw;F ,Jjhd;
fhuzk;.
NghHf; f sj; j py; rpfpr; i r
kfhuh~; b u khepyk; N~hyhg; G +hpy; gpwe; j tH
Nfhl; d p]; . lhf; l H Jthufehj; rhe; j huhk;
Nfhl; d p]; vd; w KO ngaH nfhz; l mtH
1938-y; rPdhTf;Fg; Nghd ,e;jpa kUj;Jtf;
FOtpy; ,ize;Jnfhz;lhH. mjw;fhd
Vw;ghLfisr; nra;jtHfs; NeUTk; fhq;fpu];
fl;rpj; jiytH Rgh~; re;jpu Ngh]{k;. mg;NghJ
Nfhl;dp]pd; taJ 28 jhd;. NghHf;fsj;jpy;
fhakilAk; tPuHfSf;F kUj;Jtr; rpfpr;ir
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Nfhl; d p]{f; F Xtpa mQ; r yp

njhlHr;rpahf %d;W ehl;fSf;Fj; J}q;fhkYk;
,ilntsp ,d;wpAk; gzpGhpa Ntz;ba fl;lhak;
Nfhl;dp]{f;F Vw;gl;lJ. 1940-y; NghH fLikahf
ele;J nfhz;bUe;j NghJ> njhlHr;rpahf 13
ehl;fSf;F ,ilapy; 72 kzp Neuk; J}f;fk;
,y;yhky; 588 mWit rpfpr;irfis Nfhl;dp];
Nkw; n fhz; b Uf; f pwhH. ,d; i wf; F xU vspa
mWit rpfpr;irf;Ff;$lg; gy yl;rk; &gha;
tR+ypf; f g; g Lk; epiyapy; > NghH Kidapy;
giltPuHfSf;Fr; rpf;fyhd mWit
rpfpr;irfis clDf;Fld; nra;J> capiuf;
fhg;ghw;wpa mtUila gzpia vd;dntd;W
nrhy;tJ?
,g;gbg;gl;l gy;NtW fhuzq;fshy; cly;eyk;
Fd; w pa mtH> 1942 brk; g H 9-k; Njjp 32
tajpNyNa fhykhdhH. rP d kf; f s; gil
nrtpypauhd Nfh rpq; y hd; vd; w ngz; i z
kze;jpUe;j Nfhl;dp];> ,ilg;gl;l fhyj;jpy;
jd;Dila je;ij ,we;jNghJ$l ,e;jpahTf;Fr;
nry;ytpy;iy. Nfhl;dp]; ,we;jNghJ mtUila
kfd; apd; `_M %d;wiu khjf; iff; Foe;ij.
apd; `{M kUj;Jtg;gbg;G gbj;Jf;nfhz;bUe;j
fhyj; j py; > jtwhd kUj; J tr; rpfpr; i rahy;
24-tJ tajpNyNa JujpH~;ltrkhf
,we;Jtpl;lhH.

‘lhf;
lhf;lH Nfhl;dp];’ vd;w rpwe;j Xtpa tho;f;if
tuyhw;W E}iy vd;.rp.gp.vr;. (NCPH) ntspapl;L
cs;sJ. ,e;jg; Gj;jfj;ij vOjp tiue;Js;stH
rPd Xtpa – vOj;jhsH ~q; ~pad;Fq;. jkpopy;
nkhopngaHj;jtH
ClftpayhsH
vk;. ghz;bauh[d;. ,e;jg; Gj;jfk; nghpatHfis
kl; L kpy; y hky; > Foe; i jfisAk; ftUk;
tifapy; moF epiwe;j 101 KOgf;ff; fWg;Gnts;is Xtpaq;fSld;> Nfhl;dp]pd;
tho;f;ifia xU eOTglf; fhl;rpiag; Nghy
vspikahfr; nrhy; y pr; nry; f pwJ. r%f
Nkk;ghl;Lf;Fk;> khw;wj;Jf;Fk; jq;fis
mHg; g zpj; J f; n fhz; l tHfspd; tho; f ; i fia
,JNghd;w Kiwapy; nrhy;tJ Foe;ijfs;>
,isQHfs; kj; j papy; Gjpa cj; N tfj; i j
cUthf;Fk;.
lhf;lH Jthufehj;
lhf;lH Nfhl;dp]; gw;wp ‘lhf;
rhe; j huhk; Nfhl; d p]; fij
fij’ vd; w rpwpa
Gj;jfj;ijAk;> mtUf;F Kd;djhf rPdHfSf;F
cjtpa fdlh lhf;lH ehHkd; ngj;J}d; gw;wp
lhf;lH ehHkd; ngj;A+d; fij: xU
‘l
rHtNjrpa
Nghuhspapd;
capHg;Gk;
mHg;gzpg;Gk; ’ vd;w tphpthd nkhopngaHg;Gg;
Gj;jfj;ijAk; rTj; tp~d; Gf;]; Vw;fdNt
ntspapl;Ls;sJ.

rPdhtpy; %jhijaUf;F Mz;LNjhWk; khpahij
nra;Ak; rpq;kpq; gz;bifapd;NghJ> ,d;iwf;Fk;
Nfhl;dp]pd;
fy;yiwapy;
kyHfs;
Ftpe; J tpLfpd; w d. rP d hTf; F g; gq; f spj; j
may;ehl;ltHfspd; thpirapy; Kjy; 10 Nghpy;
Nfhl; d p]{f; F rP d kf; f s; ,lkspj; J s; s dH.
mtUila tho;fi
; fia mbg;gilahff; nfhz;L
lhf;lH
Gfo;ngw;w ,e;jp ,af;FeH rhe;jhuhk;> ‘lhf;
Nfhl; d p];
fp
mkH
f`hdp
f`hdp’
vd; w
jpiug;glj;ij vLj;Js;shH. jkpopy; mtiuf;
lhf;lH Nfhl;dp]; ’ vd;w
nfhz;lhLk; tifapy; ‘lhf;
Xtpag; Gj;jfk; te;jpUf;fpwJ.
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lhf; l H Nfhl; d p];
- rP d j; j py; cwq; F k; ,e; j pa tpj; J >
~q; ~pad; F q; >
jkpopy; : vk; . ghz; b auh[d; >
ntspaP L : epA nrQ; R hp Gf; `T]; >
njhiyNgrp 044-26241288
Courtesy: jp ,e; J > 30.04.2016
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TIRUKKURAL AND MANAGEMENT IN A ‘NUTSHELL’ − 39
Tirukkural is a work by
Tiruvalluvar as a ‘MORAL’
guide for the whole World for
living a ‘USEFUL’ and ‘HAPPY
LIFE’. KURALS can provide
guidance for every one in every
walk of life including
Professionals, Managers and
Management. Every issue of this
News Letter has carried
Messages of Tiruvalluvar bringing out the relevance
of them in all contexts.
This Issue of the News Letter is its 125th Issue and
the Kural 125 and the other Kurals in that
‘Adhikaram’ or Chapter were revisited for a
Presentation. It is no wonder that these Kurals were
conveying some of the ‘Most Powerful’ Messages
most relevant to Management.
As we have discussed frequently, some of the most
important qualities of Managers and Management
include “Humility” apart from some more like
Professionalism, Equality, and Equivanimity.
Tiruvalluvar deals with the concept and importance
of Humility in ten kurals stressing its importance, in
particular, for the ‘Successful’ and the ‘Wealthy’.

The following Kurals chosen will bring out the Lessons
for our adoption.
Ellarkkum Nandruam Panithal; Avarullum
Selvarkke Selvam Thakaiththu
Kural 125
vy; y hHf; F k; ed; W Mk; gzpjy; : mtUs; S k;
nry; t Hf; N f nry; t k; jifj; J
Fws; 125
“Humility is Beautiful in all men : but alone on the
rich it shines in all its splendor.”
Serivuarindu Seermai Payakkum; Arivuarinthu
Aatrin Adankap Perin
Kural 123
nrwpTmwpe; J rP H ik gaf; F k; mwpTmwpe; J
Mw; w pd; mlq; f g; ngwpd;
Fws; 123
“Behold the men who rateth the things of this world
at their true value and liveth a life of self control;
wisdom and every other blessing will come unto
him.”
Kadamkaththuk Katruadangal Aatruvan Sevvi
Arampaarkum Aatrin Nuzhainthu
Kural 130
fjk; f hj; J f; fw; W mlq; f y; Mw; W thd; nrt; t p
mwk; g hHf; F k; Mw; w pd; Eioe; J Fws; 130
“Behold the men who hath learned wisdom and self
control and when alloweth not anger to harbor in his
heart; Righteousness pilgrimeth to his home in order
to have a sight of his face.”

HOME FESTIVALS − 8
Mtzp − AVANI (August/September)

This is a busy month, with two major festivals celebrated both
at home and at the temple. Krishna Jayanthi, the birth of Lord
Krishna, comes first. In the painting at right is the rescue of
the baby Krishna, who was born in a prison. His father carries
him across a swollen stream while the seven-headed serpent,
AdiSeshan, protects the incarnation of Lord Vishnu from the
storm. In the Home, offerings of butter and yoghurt are made
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to Krishna’s image, and footprints made with red
powder reveal his path from the home’s front door to
the shrine room, suggesting that Krishna has come to
participate. Ganesha Chathurthi is a mammoth festival
across all of India, ten days in celebration of His
manifestation. Shown in the center of the painting is a
statue of Lord Ganesha and a devotee offering
obeisance by pulling his ears and bobbing up and
down, a practice called thopukarnam in Tamil, done
only for Ganesha – one explanation being that it is to
make the Baby Ganesha laugh. The icon of Ganesha
is made by the devotees from river clay and painted
and decorated. At festival’s end is the Visarjana or
departure, when the clay icon is placed into the river
the Deity is bid farewell. In North India Visarjana is
celebrated by millions of people. At far right in the art
is depicted the story of Ganesha consuming so many
sweet offerings that He had to tie a snake around his
belly to keep it from bursting. Ganesha chastised the
Moon for laughing at His predicament, and as penance
the Moon has ever since waxed and waned through
the month instead of remaining constantly bright.
(To be continued)

