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MAKING KSEBL FUTURE READY

ot long ago, the KSEBL Chairman and Managing Director had
lamented in public that KSEBL is not inclined on embarking
implementation of Smart Meters in KSEBL citing feasibility of
the project and returns of the smart metering project. Surely the advisors
have got it all wrong.
Central Government has started an ambitious program of installing
250 million smart meters in the country by 2024, Aggregation of data of all
consumers and efficient management of the resources through various data
analysis is the long-term vision which is driving the program. Through
various entities like Smart Grid forums, Central Government is trying to
percolate the various aspects and benefits of the program to all
stakeholders. Utilities are embracing this vision and have stepped on to the
path of smart vision. Many utilities have formulated their policy and
roadmap towards the implementation of “Smart Grid". Utilities are
implementing even DTR meters as smart meters, incorporating oil levels,
temperature status and other operating parameters into smart meters,
enabling remote and centralised monitoring of Distribution Transformers.

Smart Grid infrastructure envisages a total vision with mainly
Transmission and Distribution sectors involved. It also envisages live
control of Distribution Energy resources such as Solar and other
renewables for managing them efficiently in future scenario. Experts agree
that beyond a certain level renewable management is a task in itself, unless
clarity in managing the resources is attained. KSEBL is already into
ambitious expansion of solar which is bound to become unmanageable
without proper control mechanisms. Cont..page 4
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Voltage collapses and frequency
collapses will be the end results, if we go
on expanding these without establishing
means to collect data and implement

mechanisms to control the same.

Feasibility and returns of the smart
meter project are the immediate concerns
raised by CMD of KSEBL. It is ironic that
most of the current projects like Soura,
some of the Transgrid projects, Nilaavu,
K-FON etc. are going on in KSEBL,
without any proper feasibility studies or
any transparency in implementation,
draining our resources. Some of these
projects are not even approved by KSERC
due to various problems including
financial feasibility, even though these are
in advanced stages of implementation. It’s
anybody’s guess that without KSERC
approval, how these are going to be
accounted. It's only recently known that
attempt is being done to force KSERC- the
regulatory body into submission by
pressurising them politically, which is a
move that should be deplored and
condemned. KSEBL Board management
has rightly rejected the move from certain
quarters to implicate KSERC in its
decisions.

The concerns regarding feasibility of
smart meters are unfounded, if we really
analyse the benefits which will be accrued.
If quantified, especially in the long run,
smart meter projects bring in efficiencies
in organisational operational structure
which cannot be achieved otherwise.

Many of the concerns regarding its
implementation regarding technologies
can be overcome with a judicious
choosing of technologies on offer. That’s
the reason it’s being embraced by utilities
even in underdeveloped countries. Hence
backing off in implementation of smart
metering is bound to backfire.
Proliferation of Solar is also bound to make
things difficult.

Smart Metering project has several
components which need to be thoroughly
analysed in State specific contexts. For
example, the Communication part of the
project should be researched and studied
properly before going for a State wide
implementation. Many of the States have
gone for a hybrid set of communication
technologies, properly designing the
software and systems to acquire data at
different phases of a day. Similarly many
States have gone for different sets of HES
(Head End Systems) for different types of
meters rather than a single HES. Many
States are moving ahead for procurement
of MDMs (Meter Data Management
Systems) keeping their legacy systems for
billing as a separate software entity and
are for receiving data to legacy systems
from new MDMs. These various ways are
being deliberated upon. However there
seems to be no step forward from KSEBL
in this regard.

For smart implementation of these
projects there should be a dedicated
workforce. KSEBL have ample resources
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of Engineers who are willing to work in
these types of projects. Management
should try to earnestly look for them rather
than indulging in other considerations
while going for such implementations. We
as an Association is proud that despite
many attempts from every quarter, we
have a substantial chunk of members
earnestly working in many of the
ongoing projects. And wherever techni-
cal expertise is pushed back in projects,
the projects itself are showing many prob-
lems in implementation and post
implementation for which Moolamattom
Renovation is the best example.

In short, KSEBL
management to towards
formulating a vision on “Smart Grid” for

we urge

move
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KSEBL. The policy formulation regarding
Smart meter implementation shall follow
fast, as it’s already very late. For the same,
a high level committee may be constituted
for deliberating upon every aspect of the
policy and subsequent roadmap duly
ensuring that the committee includes
members who earnestly support the vision
rather than namesake members who
blindly accept the dictums from vested
quarters. All these projects have a
gestation period of minimum two years
and hence the fruitful results will start
accruing only after two years with proper
supporting reorganisation of KSEBL. The
biggest gain will be that KSEBL will be
future ready. We earnestly hope that the
management will move more smartly in
the matter.
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The Challenges in Developing and Implementing
the Medium Voltage Aerial Bundled Cable
System in TNB Distribution Network

Ir. Mohd Faris Ariffin
Technical Expert (Overhead System Design & Performance), Tenaga Nasional Berhad

Abstract

The medium voltage aerial bundled cable (MV ABC) system came into service
in TNB Malaysia in the 1990's as a more economical alternative to medium voltage
bare overhead (MVBOH) line to distribute power to customers. The objective was to
obtain better reliability by avoiding outages given the high probability of lightning-
related failures in Malaysia and line faults due to vegetation and animals. Also, with
no rightof-way issues to be addressed, ABC lines were easier to construct.The migration
policy to MV ABC system came into force beginning 4th April 2002 where the use of
MV ABC system was to be given priority over underground cable system and bare
overhead line system. In the earlier MV ABC systems certain operational, climatic and
environmental issues had not been properly addressed and there were quite a number
of failures. Design,quality, and technical specification issues had to be re-evaluated to
ensure that the new MV ABC system could be adaptable to the current TNB Distribution
Network characteristics so that failures in the MV ABC system could be mitigated.
Thus, this paper attempts to explore the challenges that had to be faced in the TNB
Distribution Network in implementing the MV ABC system and the recent
developments to improve their design and performance.

Introduction

With Malaysia having an isokeraunic level of 200 thunder days per year, the medium
voltage bare overhead (MVBOH) line system in TNB Distribution Network is faced
with reliability challenges. Furthermore, the MVBOH line system is also exposed to
other failure causes such as trees and animals as shown in Table 1 below:

Major Causes 2001/02 2002/03 2003/04 | 2004/05 | 2006/07
Transient 174 106 101 188 112
Lightning 114 96 98 151 79
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Ageing 64 42 47 51 31
Trees 60 43 24 43 43
Animals 55 31 34 26 42
Poor Contact 28 22 16 40 21
Thunderstorm 18 13 6 14 14
Others 57 93 105 210 79

Table 1: MVOH Top Failure Causes

Ageing is another factor that contributed to the failure of the MVBOH line system in
TNB Distribution Network as most of the lines had been constructed and commissioned
from the 1940’s to the 1970’s.

For example, the age profile for TNB 22kV Overhead Line System is as shown in

Figure 1 below:

iE PROFILE OF 23V LINES

i

[+

Figure 1: Age Profile of 22kV Overhead Lines

As illustrated in Table 2 below, the bare conductor is the MVBOH line component

with the highest number of recorded failures:

Component 01/02] 02/03 03/04 ( 04/05 | 06/07 Total
Conductor 182 128 122 132 120 684
A /Recloser 57 43 48 196 114 458
Jumper 58 32 42 52 41 225
Cross arm 25 27 38 36 11 137
Glass Disc 18 31 22 23 16 110
Pin Ins. 19 21 19 25 14 98
S/ Arrester 26 17 12 16 16 87
Isolator 6 7 6 23 30 72
Shieldwire 16 14 22 14 3 69
Sectionalizer 5 2 1 12 5 25
Table 2: MVOH Component Failure - Top 10

11
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Design Criteria

The design of the MVABC used in TNB Distribution System needs to comply fully
with the requirements of the Electricity Supply Act 1990 that includes the followings :

1. Minimum clearance of 6.10 meter from ground level by the roadside at 75°C

2. Working tension with a safety factor of more than 2 at 21°C

3. Ability to withstand wind speed of 96.56 km per hour at right angle onto the
MVABC and all support structures

Initial Performance of MVABC in TNB Distribution Network

Unfortunately, the MVABC system that was introduced in the 1990’s was a direct
emulation from other utilities. Thus, there were certain characteristics such as the
climate conditions and degree of exposure to ultraviolet rays that had caused the use
of MVABC system in TNB Distribution Network did not seem to produce the desired
results as suggested by Table 3 below:

Conductor Type Fault/100kM/Year
Bare 16.40

ABC (Old Design) | 13.97

Table 3: Comparison Fault/100kM/Year

The older design MVABC had a single layer copper screen with HDPE as the
outer sheath. As shown by Table 4 below, a total of 610 MVABC cable failures had
been recorded between 2001 until 2005:

Financial ABC ABC ABC Total
Year Cable Joint Termination
2001/2002 101 32 10 143
2002/2003 117 64 17 198
2003/2004 156 74 21 251
2004 /2005 236 75 35 346

Table 4: MVABC Component Failure

Improvements in MVABC Design

The new MVABC designed between 2003 and 2004 underwent a number of

changes to achieve the following requirements:

1. Improvements on the previously designed MVABC introduced in the 1990’s to
address its weaknesses and defects

2. Introduction to new cable sizes to improve the MVABC current carrying capacity

@
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3. Enhancements on the pole design to optimise the installation of both low
voltage (LV) and medium voltage (MV) circuits on the same pole.

The new MVABC system design involves the installation of both LV and MV
circuits on the same pole by having 2 MV circuits on the top portion of the pole and 2
LV circuits 1 meter below the MV circuits. To achieve this, the new MVABC system
utilizes a 10-19-5kN spun concrete pole that is 10 meters in height and has a 5.0kN
load withstand capability.

The new MVABC system is designed to handle the following maximum capacity:
1. 43 MVA on the 33kV system
2. 19 MVA on the 11kV system

Common Failure Modes of the Previous MVABC

The most common failure modes of the previous MV ABC are as follows:
1. Stress crack on the outer sheath of the cable
2. Damaged copper screen
3. Burnt outer sheath
4. Damaged outer sheath due to animal bites
5. Dislodged straight through joint
Stress Crack, Damaged Copper Screen & Burnt Outer Sheath

The stress crack found on the outer sheath of the MVABC cable as illustrated

in Figure 2 was addresses by replacing the outer sheath material from HDPE to PVC
Grade ST-2.

As mentioned earlier, stress cracks
could be found on the MVABC
(08 r outer sheath made of HDPE.
= ' Another important point that
should be highlighted is that
HDPE emits a fruity-like smell that
can attract animals such as
rodents or squirrel. It has been
i assumed that because of this
characteristic, rodents and
squirrels would chew on the outer
- - - sheath of the MVABC causing
Figure 2: Stress Crack on HDPE MVABC further exposure of the copper
screen to the environment.
Stress crack on the outer sheath of the MVABC could expose the copper screen to the
environment causing the copper screen to be oxidized as shown in Figure 3 below.

©
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Figure 3: Ex-p-osed- Copper Screen

With the copper screen damaged or cracked,
the capability of the MVABC to carry fault
current would be compromised as damaged or
cracked copper screen would create a high
resistance path. If a fault should occur on the
MVABC feeder, the fault current would flow
to the source through the damaged or cracked
copper screen. Thus, with the copper screen
becoming highly resistance, the fault current
would overheat the XLPE and outer sheath and
subsequently would damage the MVABC as
illustrated in Figure 4 below.

In the previous MVABC, the design was
only with one layer of copper screen. If the
only layer of copper screen were to be
damaged or cracked as shown in Figure 5,
the MVABC would be exposed to local
overheating and further damage as
mentioned above whenever fault occurred.

In order to improve the reliability of the
MVABC copper screen, two layers of
copper screen with a 15% overlapping

between the layers are used. Such design
not only ensures the robustness of the copper
screen but also improves the sheath current
carrying capacity of the MVABC. Thus,
enhancing the life cycle of the insulation of
the MVABC.

Figure 5: Damaged/Cracked Copper Screen

system is common as the conductor is
fully insulated conductor, failures due

Damaged Outer Sheath due to Animal
Bites

Animal encroachment to the MVBOH
naturally exposed. But, for MVABC, as it is a
to animals should not pose a serious threat.

Unfortunately, rodents or squirrels, to be exact, have contributed to a number of
MVABC failures by gnawing on the outer sheath and, in the process, exposing the
conductor screen of the MVABC as illustrated below in Figure 6:

14
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This phenomenon is particularly frequent
to the previously designed MVABC with
HDPE outer sheath. An assumption had
been made that HDPE emitted a fruity-like
smell that tend to attract the squirrels. For
the new MVABC with PVC ST2 outer
sheath, there are also attacks by squirrels
but usually before the MVABC is

Figure 6: Damaged Outer Sheath by Squirrel Bite commissioned.

Dislodged Straight Through Joints

Another problem that comes with the implementation of MVABC is the failure of its
straight through joints and terminations. The common mode for this failure is that the
straight through joints or terminations would be dislodged due to the contraction of
the PE jacket. Figure 7 below illustrates an example of contraction of the PE jacket:

The application of heat-shrink straight through joints and terminations is used for
MVABC. However, MVABC joints and terminations are exposed to the environment

Figure 7: ‘Contraction of MVABC Joint

especially the ultraviolet ray. Having the
PE jacket length extended from 100mm to
200mm to overlap the cable outer sheath
mitigates the above failure.

Improvement in MVABC Installation
Another aspect of improvement that is
important to ensure the reliability and
extended

service life of the MVABC system is to

improve on installation practices. Improper
installations of the MVABC can stress the MVABC cable, joints, and terminations. An
example of improper MVABC installation is as shown in Figure 8 below:

Looping of the MVABC joint not only causes mechanical stress on the joint, but also

Figurg

causes the spun concrete pole to experience
mechanical overloading.

Thus, in order to improve the installation
of the MVABC, more accessories have been
introduced to ensure proper installation of
the MVABC system so that the overall
system of MVABC is reliable, safe, and

» 8: Improper Looping of MVABC Joint economical.

©
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Earth Bonding Issues of the MVABC

The common practice for MVABC earth bonding is to have the galvanized steel
messenger wire bonded to the local earth at the first pole, last pole, and H-poles of a
feeder as shown in Figure 9 below:

1st
Prla

Messenger

Prila

Joint Earth
Conneclad

Messenger

I_-!__

o5 B

End
Pria

ai |

Figure 9: Common Bonding Practice for MVABC

Unfortunately with the above set-up, there have been cases where the joints were

overheated and were burnt. It has been suspected that the induced current may have
caused such failure. Table 5 below indicates the amount of calculated induced current
that can be present in the MVABC:

Voltage 11kV 33kV
Conductor Size 70 150 240 70 150
(mm?2)

Effective Screen Area 6.0 6.0 6.0 6.0 6.0
(mm?2)

Conductor Ampacity 216 343 | 470 224 353
(A)

Induced Voltage 12.968 [19.694 P6.1112.378 [19.018
(V/km)

Induced Current 3.890 |5.907 [7.832]3.713 5.705
(A/km)

Table 5: Calculated Induced Current in MVABC Cu Screen

In order to mitigate the above issue, MVABC earth bonding has been placed at every

straight through joint or at every 500 meters as shown in Figure 10 below:

16
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Figure 10: New Bonding Practice for MVABC

As MVABC is actually cable strung on poles, it still cannot replace MVBOH to

distribute power over long distances due to the effect of capacitance and voltage drop.
As MVABC is to be constructed especially for sub-urban and rural areas electrification,
long feeders are inevitable.

The MVABC feeders are sectionalised into 20-km long feeders for operational purposes.
At every 20km, a pole top circuit breaker (PTCB), which is actually an automatic
circuit recloser with the autoreclosing scheme defeated, is usually installed to control
the MVABC. By doing so, long MVABC spur feeders can be controlled efficiently without
the need to construct small substations.

System Average Interruption Duration Index or SAIDI for those MVABC spur feeders
have been improved with the above initiative. Table 6 illustrates the SAIDI
improvement with the use of PTCB to control the MVABC spur feeders:

NoJ Pole Top SS Location SAIDI Before PTCB | SAIDI After PTCB
1 | Kg Kurnia 0.21 0.12
2 | Harcroff 0.14 0.11
3 | Sam Koo 0.09 0.06

Table 6: SAIDI Improvement with PTCB
Figure 11 illustrates how a PTCB is installed in MVABC network:

Figure 11: Installation of PTCB in

MVABC Network o
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Is Surge Arrester Necessary in MVABC Network?
MVABC is designed with a copper screen that is kept at zero potential as it is bonded
to ground. Thus, voltage rise induced by lightning strike should be at a minimum.
However, when the MVABC is connected to the following installations, surge arresters
need to be installed:

a.  Where air-break type isolators or load break switches are installed;

b.  Where uninsulated switches or controlgear, such as expulsion drop-out
fuse assembly, are installed;

c.  Where a connection to the bare overhead line system is necessary.

When MVABC and MVUG is connected, surge arrester installation is not needed
as both MVABC and MVUG has the same surge impedance values as shown in Table
7 below:

System 20, surge impedance
MV ABC 20 - 50 W

MVUG 20 - 50 W

MVBOH 300 - 400 W

Table 7: Surge Impedance Values for Various Systems
Performance of MVABC with New Design
Major improvements of the new MVABC includes the followings:
1. Use of PVC Grade ST-2 as outer sheath
2. Use of 2 layers of coppers screen with 15% overlapping between the layers
3. Use of additional accessories to improve installation

With the use of new MVABC design, the performance of the MVABC system
has improved tremendously. For example, in Perak, the failure rate of the new MVABC
system as compared to the previously designed MVABC is as shown in Table 8 below:

Conductor Type Fault/100kM/Year
ABC (Old Design) 13.97
ABC (New Design)* 2.50

Table 8: Comparison Fault/100kM/Year
*Note : Performance in Perak

Why MVABC and Not a Covered Conductor?
Covered conductor (CC) system is a cheaper alternative that can replace bare
conductor system. The use of CC is mainly focused to reduce tree-trimming cycles in
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dense vegetation locations. Moreover, with CC, safety clearance can be reduced and
construction of CC on the roadside can also be done as with MVABC. CC only has the
conductor covered with an insulating material, usually XLPE or HDPE, but it is not
actually insulating the system.

The main concern with TNB is lightning-related failures. With Malaysia located
in the high lightning activity zone, CC is not suitable, as it still needs to be protected
from lightning similar to the bare overhead line system.

Conclusion

From results shown in Table 6, the new MVABC has shown tremendous result in
terms of performance as compared to the previous MVABC. Although the performance
result of the new MVABC comes from only one state i.e. Perak, the trend shows that
the new MVABC design has proven its reliability, safety, and economics.

Although the use of PVC Grade ST-2 as the outer sheath has mitigated the stress
crack issues, care must be taken when pulling the MVABC cable onto the poles as PVC
is softer than HDPE and improper pulling and laying of the PVC during construction
can damage the outer sheath of the new MVABC. With the metal price is on the rise,
the use of double-layered copper screen can increase the price per unit of the new
MVABC cable. However, with the improved reliability of the new MVABC, the service
life of the new MVABC cable is extended. Thus, the overall cost of the new MVABC is
still economical.

Moreover, with MVABC being able to be constructed swiftly and effectively at
less the cost of bare overhead line systems and less the hassle of underground cable
system, electrification initiatives can be expedited and expanded especially in the rural
areas.

References
[1] Pabla, A.S., “Electric Power Distribution”, 5th Edition, Tata McGraw-Hill,
New Delhi, 2005

( NOTE h

Please find the study reports on ABC in distribution systems in Tamil Nadu
Distribution Network & Kerala Distribution Network (Will be published in
the next month). As such the report may be considered only as
observations, studies and may not be be considered as approved solutions.
But these reports shall empower field engineers to take appropriate
precautions while implementating ABC in their area of control and

responsibility.

Er. C.P. George, Deputy Chief Engineer (Rtd.)
. J
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Distributed Generation
and
India’s Future Electricity System

Introduction

Industrial revolution of 18th century
gave a shot in the arm to engineers and
scientists that resulted in a series of
inventions starting with water wheel,
steam engine, IC engine and finally
electrical generators and motors.
Commissioning of distribution system
(Direct Current) patented by Edison in
1882 was a turning point. Ease of
management (Generation, transmission
and distribution) of electrical power is the
main contributing factor that prompt the
world to prefer electricity as energy input
for development.

Following the successful commission-
ing of distribution system in 1882 Thomas
Edison and George Westinghouse fought
a titanic battle over electricity. Edison was
the champion of direct current (DC) while
Westinghouse favoured alternating
current (AC). The market accepted
Westinghouse's ideas and so the world has
run on alternating current ever since.

Indian scenario

The first demonstration of electric light
in Calcutta was conducted on 24 July,
1879 by P W Fleury & Co. In 1881, 36
electric lights lit up a Cotton Mill of
Mackinnon & Mackenzie. Note that this
was earlier than the patented project of

20

Er. K. Sivadasan
Dy. Chief Engineer (Rtd.)

Thomas Edison (1882). First thermal
power station in India was commissioned
by Calcutta Electric Supply Corporation
(CESC) on 17.4.1899 with a license
obtained as per Calcutta Electric License
Act of 1895 heralding the beginning of
thermal power generation in India.
Hydroelectric generation was introduced
by the end of 19th century. The first small
hydro power plant, a 130 kilowatt plant,
started functioning in 1897 at Darjeeling.
The power plant at Darjeeling (1897),
Munnar (Kerala) 1900, and Shimsha
(Karnataka) (1902) are a few plants
commissioned in the early days.

Enactments in power sector in India

It would be interesting to trace out the
history of the law relating to
electricity in India. Electricity act of 1887
and 1903 were the earliest legislations in
the world dealing with generation,
supply and use of electricity. The Indian
Electricity Act 1903 was repealed by the
Indian Electricity Act 1910. The Indian
power sector has been regulated for
almost a century by the IE Act 1910. The
Indian Electricity (Supply) Act 1948 was
introduced  after independence.
Considering the importance of electricity
in everyday life, (Almost like air and

water), the IE (Supply) Act 1948 retained
@



the power sector as fully owned by the
government through the State Electricity
Boards (SEB). The parliament of 1948 has
to be congratulated for this people friendly
approach.

Power sector expanded comfortably
in the initial years through SEBs.The
private corporates, in the changing
consumption pattern, identified enormous
profit potential in power sector. This
encouraged them (Profit (only) motivated)
to engineer the ‘system’ (generation,
transmission and distribution) to debase
State Electricity Boards to their advantage.

The ‘clever” manipulation resulted in
poor performance of SEBs due to
mismanagement, poor industrial relations
and unnecessary political interference,
presumably all with the discrete
involvement of corporates. There were
even instances of SEBs approaching
judiciary against avoidable government
interference in the day to day affairs of the
board. One instance to mention is the
selection of Chairman of SEBs which was
based on PERFORMANCE of Engineers.
This aspect was suitably engineered to
bring in individuals who would toe the line
of the corporates. Political powers played
a key role in the whole process. This
confusion and discord was cleverly
engaged for decades to such an extent that
the government was compelled to
privatize the power sector. A reprehensive
reform! Time will decide whether the
decision was right or wrong. Various
amendments to IE (Supply) Act 1948 is the
proof of intentions and the last amendment
was The Electricity Laws (amendment)

HYDEL BULLET ({3}

Act 1991 which prepared the groundwork
for privatization of power sector. This
policy allowed a larger role to private
enterprise in the power sector creating a
new designated segment namely *
Independent Power Producers’.

Indian Electricity Act 2003 is the last
major enactment in this direction. As per
IE Act 2003, the Indian Electricity Act
1910, the Electricity (Supply) Act 1948 and
the Electricity Regulatory Commissions Act
1998 are repealed. Accept it as a ‘fait
accompli’ for the time being, but there is
scope to amend it, if required.

Evolution of utility

Utility is a concept that was
introduced by Daniel Bernoulli, a
mathematician engaged in the theory on
fluid mechanics. It is an economic term
referring to the total satisfaction received
from consuming a good or service. In the
present context it denotes a company that
generates, transmits and/or distributes
electricity from facilities that it owns and/
or operates. Since consumer demand for
electricity does not change dramatically
with a change in price, these companies
were regulated by the state or provincial
and federal governments. No loss no profit
was the approach to manage the sector.
Philosophy of present day governance
changed the approach and now the
utilities are made to run on commercial
terms.

‘First generation utility”

It all started with the enactment of 1IE
(Supply) Act 1948 where the electricity
system was entirely owned by the State

©
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Electricity Boards (SEB), from power plant
to transmission and distribution network
to the meter at the consumer premises. This
management concept was diluted first
with the formation of Independent Power
Producers in response to the campaign by
ENRON. It is sad that the process of
dilution is in progress even now and no
one knows where it is heading to. The
dilution, an ongoing process should not,
in my opinion, bypass the primary
objective namely “on demand provide
quality power at reasonable cost within
reasonable time’. A timeline of changes in
power sector from 1910 is shown in Fig 1.

Figure 1.2 Electricity Sector Policles and Schemes over Time

1948
Electricity
Supply Act
1910
Electricity Act

2005
National
Electricity
Policy
RGEVY

2001
1995 Energy
Mega Power Policy Conservation Act

199
Amendment to
Electricity Supply
Act

1998
Electricity
Regulatory

Commission Act;

Amendment to

2003
Electricity Act
APDRP

Electricity
Supply Act

Fig.1

Chapter IV of IE (Supply) Act 1948
(Original) clearly define Powers andduties
of state electricity boards and generating
companies'. IE Act 2003 does not contain
such delegations to any entity which
appears an omission which requires
amendment. It seems, the act envisages the
private sector would voluntarily assume

the responsibilities. The onerous to prove
the good intentions behind the enactment
of IE Act 2003 rest with the emerging
stakeholders. Unfortunately, it appears,
they do not rise to the occasion. The
private sector is
government decisions and at times even
challenge it on various occasions quoting
this act. This act, claimed to be
revolutionary, may metamorphose into a

intransigent to

‘toothless’ enactment in the long run
defeating the vision of the parliament of
1948.

The power sector, at present, runs
purely on commercial line. None
can find fault with the board of
directors of the utility to make
profit as stipulated in the act as

2008
Hydropower
Policy
R-APDRP
NAPCC

it is their responsibility to keep
the credit rating high. Business
philosophy permit it.

w0 Second Generation Utility

IE Act 2003 envisages
separation of GTD (Generation,

2006
National Tariff Policy;
Integrated Energy Policy;
Rural Electrification Policy

Transmission and Distribution)
from the previous setup, single
utility (First Generation Utility),
and entrust respective functions to
independent entities in generation,
transmission and distribution. This
transition is in progress or is completed.
Here the profit from the business is
distributed to investors of three segments
of power sector (GID). This is the business
model, call it, “Second generation utility’.

©



Third generation utility

India's electricity system is
undergoing another historic transition the
‘Third generation utility’”. New
technologies like decentralised generation
or distributed generation (DG) challenge
the century old centralised utility business
models - “First generation utility” and the
present ‘Second generation utility’. This is
necessitated due to the alarming depletion
of fossil reserve not only in India but
globally. Ambitious programmes are at
hand in India (175 GW by 2022 and 500
GW by 2050) in line with global vision to
raise renewable generation to meet the
rising demand. Global vision is for 100%
energy from renewable sources.

The grid is one of the greatest
engineering achievement of the 20th
century. Today most of our electricity
comes from large central power plants,
typically hydel, coal or nuclear plants. It
moves one way through transmission lines,
substations and feeder lines to consumer
premises.

Little energy is stored on the grid, so
the grid functions as a-just-in-time
delivery system, where electricity
generation must constantly match
demand. In recent years, concerns about
climate change, pollution and energy
independence have led to new policies to
promote wind, solar and other forms of
renewable energy. These policies along
with the technological advances and
shifting economics, have pushed the grid
to the brink of a historic transformation.

On tomorrow’s grid, more electricity
will come from wind and solar. Wind

HYDEL BULLET ({3}

fluctuate with the weather and solar
fluctuate with the cloud cover and time of
the day, and this intermittency makes it
harder to balance supply with demand. In
addition more customers will generate their
own electricity from rooftop solar panels,
small wind turbines and other distributed
generation sources, with excess electricity
flowing back to the grid.

The existing grid was built to
manage one-way power flow, so, to handle
the two-way power-flow, it will have to
be retrofitted. Building the clean, smart
grid of tomorrow with shift in source and
scale of power generation to distributed
and renewable calls for a redesign of
electrical power system. Towards this
challenge a new business model is getting
evolved that can accommodate distributed
clean power generation, energy storage,
and advanced energy management.

Utilities are fighting this transition,
clinging to the inertia that has kept them
in business for decades as sovereigns of
grid. There is a ‘shadow war’ run by the
private players keeping the government
owned utilities as the “front players’. Profit
(Only) motivated players wish to enjoy the
benefits from the huge volume of energy
business of more than 1200 Trillion Kwh
per annum.

The change in utility model is an
ongoing process permitted by the IE Act
2003 and none can stop it. Similar change
is taking place in the global scenario too.
Best path is to move with the change.

The new technologies of power
generation like solar and wind require
different approaches compared to the First

©
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and Second generation utilities. The shift
towards decentralised solar and wind is
inevitable as it gets less costly compared
to conventional centralised source.

An encouraging development is
noticed at the moment. The private
players (IPPs) identify profit in such clean
energy programme which made them
compete each other to invest in clean
energy projects. They are aware that just
like water wheel and steam engine fade
away in the past, some of the technologies
would disappear on economic ground.
This thinking of IPPs accelerates the shift
towards decentralised generation. The
'Third generation utility' is a business
model that allows utilities to accommodate
the shift to new technologies. This may
envisage a distribution grid managed
independently from the owners of power
plants and other energy sources, creating
a marketplace for utility and non-utility
participants to provide their services. It
may be a bold and necessary step towards
a demanding business model in the
changing scenario.

Fourth generation utility

Revenue/ profit derived through the
first, second and third generation utility is
managed by the UTILITY. Third
generation utility is the one prevailing at
present. It is time to visualize a Fourth
Generation Ultility. This is an extension of
the third generation utility with a change
in approach to revenue flow. It is possible
to retain and to circulate the profit from
energy business within the community.
Popularising rooftop generation with feed
in tariff is one of the paths. World is

24

moving towards such a business model.
Global vision 100% renewable Power
sector world over is in the process of a
tectonic shift linked to resource potential,
vision on climate change, evolution of
technology and disruption of technology.
It is inevitable to switch over from
depleting source to renewable source. The
scale of generation is shrinking from
depleting sources (coal and nuclear power
plants). Every unit of power produced
from new (water, wind and solar) plants
for the grid displaces a unit of fossil fuel
energy. This is an ongoing phenomena.
Fossil fuel and Uranium deposits are very
large, but, they are not infinite and would
last at the most a few generations, if not
decades. It is a one-time gift and is to be
conserved for future generations. The shift
in source and scale of power generation
to distributed and renewable is inevitable.
Engineers and scientists world over are
hard at work to find alternative sources.
In the search for alternate sources of
energy solar source, which is abundant,
free, predictable and perpetual has
emerged as a viable alternative. Global
vision is to meet 100% energy need from
renewable source. Every nation competes
to become 100% renewable energy nation
within the shortest time following the
dictum “the country that command larger
share of renewable energy would lead the
world.”

India’s vision for energy sector
India cannot ignore the change in
global scenario. India’s energy sector is at

a stark inflection point. Coal with a share
of 60% of power generation, is depleting
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at a faster rate with the revised annual
production target of 1 Billion tons. It is
projected that extractable coal reserve
would last only for a few more decades at
the present rate of revised (increased)
consumption. Several coal plants run on
low PLF and retirement of coal plants are
imminent considering India’s vision on
climate change. Energy demand is rising
which is a function of GDP and national
development.

Weather events, which is
unpredictable nowadays put strain on the
power infrastructure. Thermal plants put
heavy pressure on water resources. India
aims a decarbonised energy sector. There
is scepticism to a successful path based on
technological, financial, and institutional
barriers that exist at present. These will be
overcome by all means. Consumers of
present utilities are passive observers of
utilities, but now the consumers can
become the agents of their own energy
futures.

People can decide as to whether to
consume, or to produce, or to store
electricity at any given moment. A new
terminology is coined to such group of
consumers -the prosumers. Smartphones
and smart appliances are giving
electricity customers unprecedented
opportunities to manage their energy use.

Electric vehicle revolution

A revolution is in progress in
automobile sector. The global vision on
climate change push every nation to
switch over to Electric Vehicles (EV). GOI
has a vision to phase out IC engine vehicles
to electric vehicles by 2030. EVs are
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cheaper to own and operate. Running cost
of electric vehicle is astonishingly low that
a normal car can run 5-7 km with one unit
(kWh) of electricity. Majority of people will
be attracted to EVs on economic ground.
The approach of saving money prompted
citizens to think about smart homes that
reduce energy bills. Incidentally, rooftop
generation is an element in ‘smart homes’.

Batteries and electric vehicles provide
new tools for distributed energy storage.
Technology for energy storage is fast
progressing. Very soon a system with
storage would become cost competitive
with conventional grid. Germany offers
liberal incentives to promote energy
storage. India is on the same path and
expected to enact policies that promote
energy storage.

Change of policy inevitable

Policy on energy sector has to change
in line with the changing scenario, a
reality. Regulations on utilities are enacted
by states as envisaged in the Constitution.
There is a tendency to maintain status quo
on the structure of utility. It has to change.
It has to change according to the
changing conditions - technology and
citizen’s vision. The scenario is linked to
ground realities which include technology,
resource potential, safety and citizen’s
vision. Scenario varies from country to
country and state to state.

Ground realities of resource potential
Policy framework on the energy
transition from fossil fuel to renewables is
linked with ground realities. Richard Perez
and Marc Perez published a paper in 2009
titled 'A fundamental look at energy
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reserves for the planet' indicating the
global reserves of energy sources. Refer Fig
2. No other energy source compares to the
energy potential of solar. Looking at the
image, make sure to note that circles for
Coal, Uranium, Petroleum, and Natural
Gas are TOTAL recoverable reserves,
whereas the recoverable renewable energy
circles (including the giant solar energy
one) are PER YEAR.” (1 Tera Watt hours
=1 Trillion kWh) This is the global ground

ranewable

SOLAR®
23,000 TWylyear

2003 World anergy
consumption

Fig. 2 Source: Perez and Perez

http:/ /www.asrc.albany.edu/people/
faculty/perez/Kit/pdf/a-fundamental-
look-at%20the-planetary-energy-
reserves.pdf

India’s Renewable Energy Resource
Potential India’s renewable energy
potential includes- solar, wind, biomass
and hydro. Refer Fig 3. Considering the
huge solar potential, India looks to solar
source for its energy needs
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India's RE Potential 2015

Incia’s RE Potential (CEA)2015 x SRAND TOTAL : 3978 OW
Hydro 1150 6W -
Biomass ;62GW
Wind 1102 GW e
Small hydro 20 6GW
solar: Varkes i i 3
Hichency by A& 3
Ground mounted; 1500 GW i -
Rooftop T 1240 GW
Solar Total : 27480 GW o
S .
Fig. 3

There are scientists (H. Mitavachan
and J. Srinivasan, IISc Bangalore) who feels
that the energy need of India can be met
from renewable sources. Present (2016)
annual demand is around 1200 TkWh.
According to their study, 4.1 per cent of
the total uncultivable and waste land area
in India is enough to meet the projected
annual demand of 3,400 Tera Watt-hour
(TWh) by 2070 from solar source alone.
Note that this does not include rooftop
potential. India’s rooftop potential,
according to KPMG6 a consultant, is 1240
GW (2015) which can generate roughly
1200 Trillion kWh per annum at the
present efficiency of 16%. Overall, it can
be concluded that India’s energy
requirement can be met from solar source.

This does not mean that we should
stick to solar alone. All other renewable
sources are to be exploited.

India’s Solar Mission

Considering the huge solar potential,
government of India had finalised solar
policy in 2009 aiming to have 20,000 MW
of solar power by 2020, expanding to
100,000 MW by 2030 and 200,000 by 2050.
A solar programme JNNSM (The
Jawaharlal Nehru National Solar Mission)
was launched on 11th January, 2010 by
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the Prime Minister of India. The mission
was to commission 20000 MW by 2022.
Policy was to entice investors with
various incentives including subsidies. But
the progress achieved till 2014 was not
commensurate with expectation.

The new government has an
ambitious solar energy programme of
adding 100 GW by 2022 and 500 GW by
2050. Out of the 100 GW, share of rooftop
capacity is 40 GW. To meet the revised
target a new policy approach is required.
It is time to rethink on the approach of
National Solar Mission launched in 2010
in line with the present ‘Make in India’
vision.

It is the state’s prerogative to frame
the policy on power as it is a state
subject as per the Constitution. Indian
Electricity Act 2003 empower the State
Electricity Regulatory Commission to
order the regulatory framework,
following due process, based on
Government’s Policy. Central Government
has limited authority to compel the states
to implement and enforce clean-energy
mandates, beyond the promise of central
government’s generosity (incentives,
subsidies etc). Subsidies may become a
villain if not handled with care. Further,
India is a member in the WTO and the
policies are to be WTO compatible.
Subsidies are anathema to WTO.

There are deficiency of technology to
accomplish the vision, but can be overcome
with pragmatic time bound policies and
investments in R&D. Policies are to be
framed based on feedback from debates
among professionals. Professional bodies
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if properly inspired can come out with
encouraging ideas. Existing infrastructure
is enough to start the process. More
funding can be earmarked in due course.
It is a never ending process.

Power system of the future

The study of energy started with the
establishment of civilizations. A
civilization is the manifestation of culture.
On deeper analysis, it becomes evident
that the growth of civilization is in line
with the overall management of energy.
GDP and civilization has a latent
relationship. GDP and energy
consumption are closely related. Energy
plays a key role in development.

To raise GDP every nation tries all
possible means to generate maximum
energy. In this wild run for energy,
nations turned to fossil fuels and
Uranium. Incidentally, fossil fuels and
Uranium are limited in availability.

It is recognized without contention
that energy is one of the key ingredients
required for social, economic and
particularly industrial development. The
interdependence of power sector and
industrial sector is of major concern for
governments in formulating both energy
and industrial policies. The size and
structure of the industrial sector
determines the amount of investment in
the energy sector.

The abundance of quality power at
affordable cost is a necessity for industrial
development and for the well-being of
citizens. It means power is one of the most
important sectors in governance.
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Handing over the power sector to profit
(only) motivated entities would constrain
the government while taking policy
decisions. Government should have real
control for inclusive growth. A powerful
legislative mechanism is essential to make
the licensee responsible to ensure
abundant power at reasonable cost.

Utilities that work on present policy
identify distributed power as an
existential threat. The change from
conventional to renewable is inevitable on
economic reasons- cost of conventional
power rises and that of renewable declines,
both taking an exponential path. Further,
conventional resources deplete in a few
generations and renewable potential is
stupendous for indefinite period of time.
Utilities are to redraw their codes and
practices so that conventional and
renewable generation complement each
other. More correctly, in an extreme
projection, time is not far when
conventional sector will have to live on
renewable sector. The utilities are forced
to move with the change and adapt to the
changing scenario.

Disruption of technology is a reality.

The  Theory of  Economic
Development suggest that at the
beginning of the trajectory of a new
industry curve, there occur “a cluster of
innovations” spearheading a chain of
innovations. Naturally, not all innovations
take root; some start-ups flourish, others
are abandoned, and yet others combine
with complementary start-ups to give
coherence to the emerging industry.
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After the early phase of slow growth,
the industry growth rate accelerates,
represented by an inflection point in the
emerging “S” curve (Sigmoidal curve).
This would attract new entrepreneurs
with innovative ideas which when
translated to the ground takes the birth of
a fast growing new industry.

The new industry’s birth is
accompanied by the decline, and even
extinction of the existing industry. Such
creative destruction and creative
construction is normal in all industries
including the Electricity Industry which
has more than a hundred years of
existence.

Four fundamental and interrelated
forces do play their role in a grid with
distributed generation.

1. Barriers to entry in the electricity
business have fallen —entrepreneur-
ial entry is occurring and more entry
is inevitable

2. Economies of scale are no longer
necessary for low unit costs of
electricity. Therefore, we do not need
“ultra-mega” power plants and a
transmission infrastructure of towers
and transformers

3. Technological advance in solar
generation and battery storage
enables Distributed Generation (DG);
we have “local generation, local
consumption,” and soon “local
trading;”

4. Natural monopoly, the core of
today’s regulatory dispensation, no
longer holds.
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As a result, the grid is not strictly
necessary, except for select industrial
applications or special cases like
megacities. National budget need not be
strained for huge investments in
transmission sector.

It is predicted that by 2030 all power
generation will be solar and wind and all
cars will be self-driving electric
vehicles. The existing energy industry will
be “obliterated”. It may sound unlikely but
there is possibility as explained in the book
“Clean Disruption of Energy and
Transportation” by Tony Seba. This
inference is made considering exponential
rise in solar generation and exponential fall
in costs.

For  decades, energy and
transportation were two of the dirtiest
industries in the world. In the future they
will be cleaner, much cleaner. Sincerely
hope the prediction is right, for the benefit
of humanity. His point was explained well
in a video presentation shown in the
report titled “The Great Energy Disruption
may already have begun.” https://
cleantechnica.com/2017/01/31/
great-energy-disruption/

We cannot escape from Distributed
Generation. Clean Disruption shows the
path for abundant and cheap energy for
everybody, with economic and efficient
transportation on demand. Poor people
around the world will leapfrog the fossil
fuel and utility dinosaurs and move
directly to intelligent distributed energy
systems, just like the poor moved from no
phones to mobile phones. This Clean
Disruption will be better for humanity, and
better for the environment.
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Let us move fast to distributed
generation. Frame policies to that cause.
Build awareness. Invest in R&D. Inspire
scientists. We can make it!!
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I forwarded this write-up titled ‘Kerala power sector - an overview’ to the
Kerala State Electricity Regulatory Commission on 01.11.2020. In response
to this I received an appreciation message on 12.11.2020 from KSERC. I share
below the communication dated 12.11.2020 from KSERC.

K. Sivadasan
Sir,
Ref: Your E mail dated 01.11.2020 regarding the 'Kerala Power Sector’.

The article 'Kerala power sector — an overview' attached with the mail is seen and
found to be informative. The suggestions put forth are worthwhile in the context of
the rapid developments occurring globally in the field of solar and renewable energy.
I am directed to convey the appreciation of the Commission for your active and
concerted efforts to enlighten the public and the related entities in the field on the
effects of solar energy and its socio-economic aspects in the near future.

Yours faithfully,
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Secretary

Kerala State Electricity Regulatory
Commission

Thiruvananthapuram
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Fused Bulb Concept

A senior executive retired and shifted
from his palatial official quarters to the
housing society, where he owned a flat.
He considered himself big and never talked
to anyone. Even while walking in the
society park every evening, he ignored
others, looking at them with contempt.
One day, it somehow transpired that an
elderly person sitting beside him started a
conversation, and they continued to meet.

Every conversation was mostly a
monologue with the retired executive
harping on his pet topic, “Nobody can
imagine the big post and high position I
held before retirement; I came here due to
compulsions”; and so on, and the other
elderly person used to listen to him
quietly.”

After many days, when the
retired executive was inquisitive about
others, the elderly listener opened his
mouth and said, “After retirement, we are
all like fused bulbs. It does not matter what
a bulb’s wattage was, how much light or
glitter it gave, after it gets fused.” He
continued, “I have been living in this
society for the last 5 years and have not

told anyone that I was a Member of the
Parliament for two terms. On your right,
over there is Vermaji, who retired as
General Manager in Indian Railways.
Over there is Singh Saheb, who was a
Major General in the Army. That person
sitting on the bench in spotless white dress
is Mehraji, who was the Chief of ISRO
before retirement. He hasn’t revealed it to
anyone, not even to me, but I know."

"All fused bulbs are now the same -
whatever its wattage was - 0, 10, 40, 60,
100 watts - it doesn’t matter now. Nei-
ther does it matter what type of bulb it
was before it got fused - LED, CFL,
Halogen, Incandescent, Fluorescent, or
Decorative. And that, my friend, applies
to you too. The day you understand this,
you will find peace and tranquillity even
in this housing society.”

The rising sun as well as the setting
sun are both beautiful and adorable. But,
in reality, the rising sun gets more
importance and adoration, and is even
worshipped in some societies, whereas the
setting sun is not given the same reverence.
It is better to understand this sooner than
later.

*

N. Nazarudeen

Former Deputy Chief
Engineer, KSEB Ltd.

“KSEB Engineers’ Association expresses our Deepest Condolences.
? May their soul rest in Peace”

Sarfaraz Khan
Former Deputy Chief
Engineer, KSEB Ltd.

Parmeswara Iyer
Former Executive
Engineer, KSEB Ltd.
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Energy Management

The strategy of adjusting and optimizing energy, using systems and procedures so as
to reduce energy requirements per unit of output while holding constant or
reducing total costs of producing the output from these systems or in other words the
methodology of conservation involves the use of the management tool commonly
referred to as energy management.

Objective of Energy Management

To achieve and maintain optimum energy procurement and utilisation, throughout
the organization

To minimise energy costs / waste without affecting production & quality

To minimise environmental effects.

Why is it important?

Energy management is the key to saving energy in any organization. Much of the
importance of energy saving stems from the global need to save energy - this
global need affects energy prices, emissions targets, and legislation, all of which lead
to several compelling reasons why you should save energy at your organization
specifically.

Energy management, the more inclusive term for energy conservation, involves
the following professions and fields:

° ﬁgineering t o Energy Pyramid
. anagement, organization , :
5 . & Left bram side Right brain side
° Economics 2w ==
. Financial analysis ii E E EI== g
° Operations research u o : : < E
_ _ i & Energy NE
° Public relations 3 Conservation = % E
° Environmental engineering § - Efficiency and Sparage E =t
Some of the tools that are dealt with E Rﬂm';"’""“ﬂ“m' %‘
RETEY
e Meters and measurement (solar, lvdro, Biomass, wind, -
e Demand and energy limiters geothermal ...}
e Highly efficient energy devices Nos-Renewnble/Non-Susinimable
e Control systems - Energy
il fwels: coal, oil.

building management Systems
(To be continued...)
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