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The ISO 50001 International Standard for energy management enables power utilities to establish the

energy performance, including energy efficiency, use, and
s intended to lead to reductions in greenhouse-gas emissions:
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Ministry of Power (MoP) and BEE were entrusted with the task of preparing the implementation plan
. Mission. The role of energy-services companies (ESCOs) will be enlarged. The report of the National

for IS ment Council Committee on Power has indicated the potential for energy conservation as follows [16]:
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11.2 power Pool
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11.7 Power Markets [14]

11.7.1 Power-Exchange Market

The power-exchange market is a market where buyers, sellers, electricity traders, open-access consume
and members of power exchange transact on standardised contracts. Hcrc: the power cxf:hangc, or c.lcann
corporation, is a counter-party to such contracts and, further, scheduling is done by rcglqnal load dlspalc
centres or the National Load Dispatch Centre, The norms are applicable to all contracts (intraday contrac b
contingency, day-ahead contract, term-ahead contract) contract transacted on power exchanges, othe
exchanges and also bilaterally, that is, Over-The-Counter (OTC) market. The norms require a Clearing®
Corporation (CC) for setting up a power exchange. There are, at present, three power exchanges approved by
CERC as given below:
1. The Indian Energy Exchange (IEX)
2. Power Exchange India Limited (PXIL)
3. National Power Exchange Limited (NPEL)

The Exchange is on the pattern of the National Stock Exchan
Memorandum of Understanding (MoU) with a numbe

prevent collusion and unfair gaming,
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7.8 Reliability Evaluation

Q4

Define the criteria for System failure._
¢) List the assumptions to be used.
Developing the System model.
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reduction of technical losses, prevention of theft, improved voltage profile, and better consumer servic
Micro grids are required for isolated villages and urban centres. As per the Electricity Act 2003, electr®
utilities have moved towards unbundled model of generation companies (GENCOs), transmission Cﬂw
(TRANSCOs), distribution companies (DISCOs), energy-service companies (ESCOs), and €lec™™®
franchisees. The franchisee model has been a path-breaking experiment in major cities and rural areas el
needs large expansion. As per the Electricity Act 2003, more than one distribution company can be 4l
in a single area with its own distribution network. As per Section 42 of the Electricity Act, open T;
growth, Sﬁgfﬂgaﬁng carriage 'distribution network’ from content 'electricity supply business will 500"
the operative stage with enactment of the Electricity (Amendment) Bill 2014. One major reason W]}jrm.ja
access has not been able to take off in India can be traced back to the fact that distribution companies 1?
manage businesses of two different natures—wire business and retail business. The wire business: y nuci'i"
152 mﬂ?'{llﬂlistic and regulated-return-earning business. Retail supply, on the other hand, is Mo f:uqd
to providing consumer choice in the form of multiple suppliers, as it involves purchase of electricity ‘:]‘ e
from generators and selling it to consumers, apart from customer services, billing, and collection of ¢ by
fmf“ consumers. In a market structure, wherein the wire business as well as retail business is baf
a single distribution company, conflict of interest makes the distribution company wary of losing 1 s
segmegxt to competition. Hence, the scope for introducing open access and retail competition is ]imIlﬂi;uyL
Al g o.overcome this issue, it is pertinent to segregate the wire and retail businesses. 17 sut e
' re businesses will serve as common carriers and will be paid a reasonable regulated rat® of
. sctments. The retail business could be .
' 'ﬂ’,w mmﬁuﬂm having the choice to chonTthcﬂ?re:et:;i;::mbph mmp"‘“_iﬂs operating in the same area,
ition is E:EPCC[E’FI to enhance operational and costffﬁcicn:i g g e and service quality: Retai

0sts, and operational efficiency is focused
1 =y ) _ MErs exercising their choi i
. sppliers- Cﬂn;ﬁ:‘i:iig“;;ﬂm“; would buy electricity from genm’atnrf or f: ﬂfe: 2&1:31?518;??0“;
i 3 i c
i . o e f ol VI o depend o i iy
_ i ' v 1tion, this is expected to result i il pri
(@ wmpctl[l\]’ft supﬁhct:s::lut I'Il:&l‘g];ﬂiff} and greater effort by competing retailers on in:r:;slii:fﬂ':ec?:l:cpn:nﬁz
consumer welfare. A consumer in Rajasthan wanting his power from Delhi will have to pay wheeli h!'t’
across two states, cross-subsidisation charges, as applicable. SRR e
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To increase consumers’ willingness to pay for a greater level of reliability.. there are lwo. ways: Provide more
redundancy of supply to one consumer than to another. In the.event ofa dlsmrbfiqcc or insufficient capacity,
disconnect or interrupt the consumer who doesn’t pay a prfemlum ratg for electn.c!ty. - '
However, there is an emerging recognition that the [radiuon?l practice of !)roYldmg :'ill users with a un.lform
and a good level of service reliability and power quality merits a rc»c'xammaflon. le.cn the changes in the
electric utility industry’s cost structure in recent years, there is a growing feeling that investments rcla.ted to
the provision of electric service reliability/quality should be more explicitly cwfaluated as regards to their cost
and benefit implications. Cost-benefit analysis provic!es 'tl.le t?asis for answering the fundamc.ntal‘ economic
question in reliability/quality planning: How much rehab.llny is adequate? A key related question is how z.md
Where should a utility spend its “reliability rupees.” Reliability levc?ls a&re.mter-dependem with economics,
since more investment is necessary to increase reliability or even maintain it at current and acceptable levels.

. 5 sahili A
This concept creates the incremental reliability

characteristics as shown in Fig. 7.2.

Because of the changes in technology,
consumer needs and lifestyles, economic factors, i
etc., reliability preferences can also shift over AR
time. This may require periodically revising the
reliability standards. Indeed, many consumer
segments and end-uses today require substantially
higher standards of service than were called for
historically. Thus, reliability planning can be
greatly enhanced if a mechanism can be initiated
to measure consumer preferences for reliability, Investment Cost ————
monitor major shifts in these needs, and use such
information to appropriately revise the standards
periodically if conditions so warrant.

In contrast, the total-cost-minimisation approach
seeks to establish the trade-off that is conceptually depicted in Fig. 7.3.

Reliability'
b
(9]

(a)
Fig. 7.2 Reliability versus cost
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Fig. 7.3 Optimum reliability

The total cost of supplying electricity i
: y is the sum owes
point on the total-cost curve defines the opt o EYE £1k congmmer uuitage no% st

z B imal balanci i
the optimal reliability level, Ing of system costs and consumer costs, and determ
From an implementation standpoint, the f, i
' ollowmg analvsic 3 For ead‘
rv i : Ysis is ui is method.

:’f severs] Qresele;tjed l':zic c;'s:',mgms' AN Oplimum resource m;x i:etcilrsltriid tundf:r gu;ext for each ¥
espurce mix, producti mng, r.evenue requirements, and reliabil; € crmme. ; » ecfo (0
estimate total costs as (revenue requirements) + expected energy no? Sl "yl.zzli‘géﬁosx;s( a::a:e cost if B

upphi 0

kWh). The '(Mc‘,l point on this curve defines the optimum reserve requirement which can also be calibrated
(o an optimal m_‘ E {expecied unserved energy) standard or some normalisation of EENS such as Loss-Of-
gnergy Probability (LOEP). Especially in situations where the present generation fuel mix is non-optimal,
the total-cost-minimisation approach will indicate a higher reliability level because some generating plants
will be added 10 reduce fuel costs.
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7.7 bistribution Reliability

Distribution system fault immediately affect the consumer. Dis-trit?qtion systems account fo; up to 90% 101f
al consumer reliability problems. Key to improv?ng supply mhszll.lty and quality is better design (;.g(.é
KV line on suspension disc insulators is more reliable th§n on pin .u.1511IaLors) and befter mamtgngx;ces usﬁd
diagnostic maintenance). I[EEE Standard 1366-2003 pro?'lc!es definitions for the most important in e
10 characterise reliability. Standard recommends a statistical approach for categorising major even

result in much more uniformity
in reporting reliability indices if it
was adopted. Because rehability
levels vary from site to site around
the system and vary from year-lo-
year 1o a variety of factors, it is
reasonable 1o try and represent

System Average Interruption
Duration Index (SAIDI) is
the average total duration
of interruptions of supply
per annum that a consumer
experiences in the period,

th 60 ork ; 2. System Average Interruption
e expecle rman 4 i
robabilisti P9 i lLs;‘ng Frequeney  Index  (SAIFL)
abilistic thod: :
:)han w’thu' ";c 5 d? o is the average number of
ith sim . The ; : .
robabilisti pchm o i mterruptions  of  supply in
abilistic :
4 A & S enanan the year for consumers who
can help in understanding the y G & :
; AP expenences interruption of
uncertainty and the variability . .
. % P ar R supply in the peniod.
inherent in  reliability indices.
3. Consumer Average

Distribution indices for reliability
arc SAIDI, SAIFI, CAIDI, ASAL
MAIFL Distribution automation
improves reliability.

Interruption Duration Index
(CAIDI) is the average
duration of an interruption of



supply in the year for consumers who experience interruption of supply in the period.

MAIFI is the average number of momentary interruptions that a consumer would experience during 2
given period (typically a year). Electric power utilities may define momentary interruptions diffcmnl!y-
with some considering a momentary interruption to be an outage of less than 1 minute in duration while

others may consider a momentary interruption to be an outage of less than 5 minutes in duration. MAI
is calculated as

MAIF] = ___1otal number of consumers interrupted less than defined time
AlFI Total number of consumers served

However, MAIFI is useful for tracking momentary power outages, or "blinks”, that can be hidder;(:;
misrepresented by an overall outage duration index like SAIDI or SATF]. Momentary power outages 4 ¢

caused by transient faults, such as lightning strikes or vegetation contacting a power line, and many utilities
use reclosers to automatically restore pow

. , er quickly after a transient fault has cleared. As per IEEE Standard
1366-2000, momentary interruption is co

nsidered between 3 seconds and 5 minutes duration.
ASAI (Average Service Availability Index) is

_ Consumer hours service availability
Consumer hours service demand

Analysis of consumer failure statistics has indicated that the distribution system makes about 90%
contribution to overall consumer supply unavailability and the bulk power system contributes only a relatively
small component to the overall HLIII consumer indices. A typical illustration of this effect is shown in Fig.
7.4 for a metropolitan city. The ability to perform HLIII adequacy evaluation will provide the planner with
an enhanced ability to quantitatively assess the merits of various available reinforcement options and ensure
that the available but limited capital resources are used to achieve the optimum incremental rcliabil‘ity and
improvement in the system. Another demanding part or reliability is deducing the.oulage costs fqr d.ll.’fcrem
types of consumers in terms of Rs/kW or Rs/kWh not supplied. Typical economic values of reliability for
different consumers are shown in Fig. 7.5. Value of Lost Load (VOLL) is used to evaluate the outage cost
during cconsumer surveys for various categories of consumers. Distribution systems acFount for up to 90%
of all consumer reliability problems. The key to improving supply reliability and quality is bcqcr design (e.g.,
11kV linc on suspension disc insulators is more reliable than on pin insulators) and better maintenance (¢.g.,
diagnostic maintenance) [1, 20].
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Q.7
"A power systems study is made up of various engineering analysis investigations. The goal of

each study is to have a safe, efficient and reliable power system for your facility under both normal
and abnormal conditions."

In order to perform Power systems studies, design engineers and power systems engineers are
required who must have a high degree of understanding on proper application as well as a depth
of understanding on power systems.

A power system comprises of the various subsystems that include generation, transmission, and
distribution. The goals of power system analysis are the following:

To model or to execute per phase analysis of power system components

To monitor the voltage at different buses, real and reactive power flow between buses
To plan future expansion of the current system

To analyze the system under different fault conditions and based on different Scenarios
To design the Protective Devices, as well as to investigate the ability of the system to
handle small and large disturbances or faults of any kind.



