1. A

1.3 Planning process _

* Process of taking careful decision.

* Process of selecting vision, values, mission and objectives, decide
plan to achieve them.

* Input for planning is quality of systematic thought that goes
into decision.

* Process of establishing power industry is time consuming and
capital intensive.

* Planning saves project time and utilizes resource economically
* Planning should consider

1 .uncertinity about future

2. alternative action choices

3. goals and constraints

Creating

Vision Values Mission

Formulating objectives

Long Medium Short

n
w
=

Supporting plans
(Guide to action and decision-making)

Policies Strategies | Regulatory | Criteria Budgets
measures standards
rules

5 5 6 7 7

Fig. 1.1 Components of the planning process



It consists of three cyclical components
1. Learning about the environment related issues and possible future

scenarios to identify :

a. Strategically goals

b. Decision criteria and constraints

c. Technological needs and opportunities.

2. Thinking about existing plans, associated costs and risks.
This involves
a. Investment of resources
b. Unforeseen factors
c. Reliability of outcome
3. Preferred plans based on support analysis

Characteristics of power system that makes planning challenging
1. High capital intensive
Plan implemented in advanced countries cannot be implemented in developing
countries
3. Planning diverges a lot before it actually converges.(Eg: Environmental effects)

Planning Actions

No undesirable
deviation from plans

New plans
Monitoring,
comparing plans
with results

Implementation of

Planning
plans

Undesirable
Deviation

Corrective
action

1.b

athematical Modelling-Simulation:

In modelling, the total load is considered to be the sum total of
various components due to various factors.

factors need to be measured and interrelated with load
requirements.

dividual modelling of each load type

identifying their interrelationship to arrive at future load
quirements



* In extrapolation, future load is treated as an extension of the
past

* the load'curve based on past data

* Teohnique mmp detection of trends in the past (various
pdrameters) == fitting a trend curve-which could be a straight
ne, a parabola, exponential or a polynomial of other orders or
mix of the above= finding coefficients of these curves as
given below

Straight line Y=a+bx
Parabola Y=a + bx+ cx’

S. curve Y=a + bx +ex’+dx’
Exponential Y=be™
Modified exponential Y =a + be™
Logistics Y =1/ (a + be®™)

Where Y is a variable to be fitted, x is time in assigned
rame (in day, week, year etc.), and a, b ,c, d are coefficients
¢ calculated.



[0 The mathematical models for domestic, commercial and
other sectors have been determined by the CEA

Domestic sector:

0 Energy in the domestic sector mmpcooking, lighting, heating
and other household appliances like TV, refrigerators etc.

0 /Increase in the family income® demand for electrical
energy in domestic sector.

The following model has been adopted for projecting the
demand in the domestic sector

log Y =a+blog X

".‘
Commercial and Other sectors:

[0 The increased commercial activity has resulted in increasing use
of energy.

e of , weather comforts,
refr/gerators, air-conditioning and water heating is being
in¢reasingly resorted to.

he other sectors, which mainly consist of
public water works.

U\lenergy consumption in the foreseeable future

dustrial development



[0 The public lighting system in the urban areas is also likely to
develop further due to increased demand for energy.

0 The increase in the number of urban households has,
therefore, a close relationship with the increase in energy
demand relating to other sectors.

s such, a. similar model has been adopted for projecting the
energy demand is these sectors separately.

log Y =a +b log X

Y =Energy consumption

a and b=Constants to be determined by Regression
Analysis

X=Number of urban households
2.a

1.8 Enterprise Resources Planni_

Integrated information system =mpSmooth operation of system
&5
various resources
(Man, material, machine....)

Efficient and dynamic organiz*)n

* Integration of functional and geographically dispersed

regions/sub-stations through cross-functional, process-oriented
and virtually integrated enterprise.

* Alllocation «§= ERP data centre ( Gurgon and Yelahanka)
* Connectivity is given by telecom department
* Currently 43 locations are connected

2.b



2.4 Forecasting Techniques

Involves good judgment and sound knowledge of data manipulations as
techniques are getting more complex

[

time series analysis : yields trends in cyclic, seasonal, irregular variation

(=]

Moving average :
metic or weighted average of a no. of points of the series

minimum of two years of past energy consumption is desirable, 1f
seasonal effects are present.

more the history, the better

Trend projections :

0 A trend line is fitted into the mathematical equation
[0 itis projected into the future using the equation

0 study of the past behavior and mathematical modeling & extrapolation
of the future behavior

2.4 Forecasting Technigues

0 Trend projections : Two general approaches :

1. Regression analysis :

[0 Fitting of continuous math functions through actual
data to achieve least overall error

2.Fitting of a sequence on discontinuous lines / curves

[0 Prevalent in short term forecasting



|0 Power system load can be broken
down :

@) TOTAL PROCESS
(i1) Seasonal variation

(iii) Cy«lic variation :longer than the
abov @

the load pattern to be repeated
(2/3 yrs)

SEASONAL RANDOM
BASIC TREND VARIATION FLUCTUATIONS

(iv) Random variations :day-to-day X onL %

changes

= ~ - ot

time of the week-(weekend, week fig: Decomposition of typical load
ay) growth curve

o

REGRESSION
LINE

PEAKS

PROCESS

(@) (b)

3.4 Private Participation

» Private power projects are important as a part of the country's investment resources

* Under the Indian Electricity (Supply) Act, the private sector generating companies,

transmission or distribution companies are encouraged
*  Another of private' sector participation
new work and management skills
timely execution of the project

quality in work and service




Table 3.1 Financial parameters
S.No. ltem

Debt: % of capital cost

Equity: % of capital cost

Working capital: % of capital cost
Interest on debt

Return on equity

Interest on working capital
Discount rate 9.0
O&M charges: power plant 25
O&M charges: transmission line 15
Depreciation: power plant

70
30
6
1.5
15.5
12.25

O P ~N LGB WN =

-
o

5.28 for 12 years

* ook e b e
L. C*RYN where, Cost of project in Rs.
2%12%100 R = Rate of interest
- " N = Construction and commissioning period in months.
OWNERSHIP:

¢  Power utilities have a natural mono

The efforts are to by creating

, Argentina, Australia.

The will be
-making, risk-taking and
these qualities are usually

Privatization will the electricity in the near future.

It will in search and

* OWNERSHIP:

TUMMK@Y)
* The and power

utilities have different financial structures

Various

turnkey contract, BOL, ROL
etc.

Build-own-operate
Build-own-operate-transfer
(Rehabilitate-operate-lease) are

Build-own-maintenance) for new
transmission lines.
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Fig: showing the

* OWNERSHIP:

Transmission projects Bid—win—start project
aTeP) (IPPs)

Bulid-own- Build-own Build-transfer IPP project Private owned

transfer -operate-transfer (BT) projects generation

projects (BOOT)project transmission,

(BOT) distribution
Vertically Design-build- Build-transfer Lease of PubliC-prlvaclgmpame;ehabilalion-
interpreted finance-operate -operate(BTO) state-owned participation operate-
state-owned ":g“S'FY(DBFOT) projects power utility project (PPPs) transfer (ROT)

projec assets for existing
plants

Fig. 3.3 Ownership options for power utility

given by the government to

1. Private sector units can set up coal/lignite/oil/ , hydel, wind and solar energy
projects of any size.
2. a)Private enterprises can set up units, either as licensees
distributing power in a licensed area

own generation or

b)as generating companies, generating power for supply to the grid.

3. Captive power plants may be allowed to set up, they can sell or distribute power to state power
utilities
4 .Both licensees and generating companies can the following

(i) Upto participation can be permitted for projects set up by

(i)  With the approval of the g 1ent, import of equipment for power project will be permitted.

(iii)  Approved return




Debt: Equity ratio (4:1) ratio risk for lenders
Debt Equity

Long term loans ) E i
Ordinary paid-up share capital
Convertible and non-convertible bonds Irredeemable prcfcrcncc shares
Deferred payments . Free reserves
Central/state subsidy
Redeemable preference shares ) X
Long term interest-free unsecured loan
Non-refundable deposits for cooperatives

Mode of participation
based on PPA
2. Franchise monopoly :monopoly rights to supply

: Wheeling power (either directly to consumer or T&D n/w)

3.11 Credit risk assessment

Someone has to be responsible to pay the debt

1. Construction stage : completion risk positive cash flow

2. Operational stage: a. Fuel

b. Revenue Return




4.5 Clean coal technologies t

1.

2. IGCC system : 2 staged plant

vv ¥

[}

3.

4.

B

4.b

5.3 Renovation and modernization of
power plants

>

> " maintenance and repair cost

Residual life assessment(RLA) :

>

.

CFBC: Clean filtering technology qp boiler(400 MWe) == burn low grade fuels
Developed by BHEL
Advantages
. High combustion efficiency : turbulence and residence time
Low Nox emission: low combustion temp. and air staging
Low SO2 emissions: due to use of limestone == low combustion temp.
Ability to burn low grade fuel: high thermal inertia of bed
Fuel flexibility : combustion temperatures( 800-850 °C)

‘cleaning up

Pulverized coal

Coal | SO Fuel gas
o Gasification

Exhaust gases

Heat Recovery Steam Gasification

steam generator 1 plant

[

Ageing —» output § == g tendency to breakdown

Diagnostic tests : Non contact partial discharge , oil testing.

Cost of renovation is 1/3 the cost of setting of new plant

Renovation and modernization (R&M) of thermal power plants are essential to
improve their efficiency, reduce emissions, and extend their operational life. This
process requires thorough assessment studies to identify areas for improvement and



to ensure that the renovation is both technically feasible and economically viable.
Here’s a breakdown of the key assessment studies typically required:
Condition Assessment Study

Objective: To evaluate the current condition of the plant's equipment and systems.

Scope: Includes detailed inspection and testing of major components such as
boilers, turbines, generators, transformers, and cooling towers. It also involves
assessing auxiliary systems like fuel handling, water treatment, and ash disposal
systems.

Outcome: Identifies wear and tear, corrosion, erosion, or any other forms of
degradation, helping in determining the parts that need replacement, repair, or
upgrades.

Performance Assessment Study

Objective: To analyze the operational performance of the plant.

Scope: Involves evaluating the efficiency of key components, heat rate, plant load
factor, and emission levels. Performance data is collected over a period to
understand operational inconsistencies or deviations from design parameters.

Outcome: Helps in identifying inefficiencies and operational bottlenecks, providing
a basis for performance improvement measures.

Environmental Impact Assessment (EIA)

Objective: To assess the environmental implications of the existing plant and the
proposed renovation activities.

Scope: Includes an analysis of emissions (such as NOx, SOx, particulate matter, and
C02), water usage, wastewater discharge, and solid waste management. The study
should also consider the impact on local flora, fauna, and communities.

Outcome: Ensures that the renovation complies with environmental regulations and
identifies opportunities to minimize the environmental footprint of the plant.
Energy Audit

Objective: To assess the energy consumption patterns and identify opportunities

for energy savings.
Scope: Involves a detailed analysis of energy input vs. output, heat losses, auxiliary
power consumption, and efficiency of various plant subsystems.
Outcome: Provides recommendations for energy-saving measures, which can
include upgrading to more efficient equipment or optimizing operational practices.
Feasibility Study

Objective: To evaluate the technical and economic feasibility of proposed R&M
activities.

Scope: Involves a cost-benefit analysis of different renovation options, considering
factors such as capital costs, operational savings, downtime, and return on
investment. Technical feasibility assessments may also include potential upgrades to
control systems, automation, and monitoring equipment.

Outcome: Helps in selecting the most viable renovation options that offer the best
balance between cost and benefit.
Risk Assessment and Safety Study

Objective: To identify and mitigate potential risks associated with renovation
activities.

Scope: Includes an evaluation of potential safety hazards, the impact of renovation
on plant operations, and contingency planning for unexpected failures or accidents.



Outcome: Ensures that the renovation process is safe for workers and minimizes

the risk of operational disruptions.
Residual Life Assessment (RLA)

Objective: To estimate the remaining useful life of critical components and
systems.

Scope: Focuses on materials testing and non-destructive testing (NDT) techniques
to assess the structural integrity of components under current and expected future
operating conditions.

Outcome: Provides an estimate of how long the existing components can continue
to operate safely and reliably, guiding decisions on repairs and replacements.
Technology Assessment

Objective: To explore new technologies that can be integrated into the plant during
the renovation.

Scope: Reviews available technologies in areas such as emission control, fuel
efficiency, automation, and digitalization.

Outcome: Identifies potential technological upgrades that could enhance plant
performance and align with future regulatory requirements.

Financial Assessment

Objective: To evaluate the financial implications of the R&M activities.

Scope: Includes analysis of funding requirements, potential financing options,
payback periods, and financial risk assessment.

Outcome: Ensures that the R&M plan is financially viable and sustainable.

Regulatory and Compliance Assessment

Objective: To ensure that the renovated plant will comply with all relevant
regulations and standards.

Scope: Involves reviewing current and anticipated regulatory requirements related
to emissions, safety, water use, waste management, and other aspects.

Outcome: Ensures compliance with legal and regulatory frameworks, avoiding
potential fines or operational restrictions.

Each of these assessment studies plays a critical role in the renovation and modernization of
thermal power plants, ensuring that the process is effective, sustainable, and aligned with
future energy needs and environmental standards.

5.a



6.1 TRANSMISSION PLANNING CRITERIA

1. N-2 criteria is adapted — large generating complex

= N-1 criteria is adapted — regional planning

2. Adequacy of transmission system

= to check max burden — summer, winter and monsoon peak and off-peak load
= Inter-regional import/ export

= To operate with / without load shedding but with/without rescheduling of
generation

6.1 TRANSMISSION PLANNING CRITERIA

Single Circuit Lattice Double Circuit Pole Single Circuit Pole ~ 120°-160°  105%-135" 75.90° 5570
1207 - 140" 140-180" 140-160"

0
500kV 500/230kV 500kV 230/69kV  230kV  115kV  69kV — -\

DC-
tower




5.b

6.1 TRANSMISSION PLANNING CRITERIA

Operation

1.
2.

Normal operation (components and parameters)

Grid subjected to disturbances(single contingency-- after loss of element)= should restore to
normal parameters

Second contingency (less probable) — back to normal limits [ load shedding /rescheduling of gen.
. Restoration should be done within 1.5 hrs .

Steady-state stability

1.

Withstand events and restore to normal without rescheduling

2. Size and no. of transformers selected ™™ outage of single unit , remaining transformers should
supply 80% of load

Dispatch ability

I. Regional self sufficiency

2. Power angle separation < 40° b/w two buses

3. Withstand events(two ckts of 220kV/ 1 440kV/ 1 pole of HVDC bipolar) and restore to
normal without load shedding

4. Evacuation of max possible o/p from gen. stations

Reactive compensation



6.4 HIGH VOLTAGE TRANSMISSION

3. HVDC transmission

a. Mismatch in 5 regions

b. Disturbances can be transmitted and may become severe
c.  National spinning reserve

d.  Reduce effect of unavoidable grid collapse
Advantages of DC

a. Right of way : HVDC is 50-60% of that of AC

b.  Connect asynchronous regions

C.

High transient stability

6.4 HIGH VOLTAGE TRANSMISSION

Reasons in favour with HVDC

s

-
—

@ o | N e ke

Lower line costs

Lower losses
Asynchronous connection
Controllability

Less cable cost, better conductor utilization

Investment Cost (Rs.) —>

Backbone system : three cases
Costs

Longlines Distance jan) —>
Long cables

Submarine cables

Latest technology



6. a ) Explain Grid Formation and compare existing grid and Smart Grid

Grid Formation:

A grid in the context of electrical power systems refers to the interconnected network of
power lines, substations, transformers, and other components that deliver electricity from
power plants to consumers. The formation of a grid typically involves three main stages:

1. Generation:Power is generated at power plants using various sources such as fossil fuels,
nuclear, hydro, wind, and solar energy.

2. Transmission: High-voltage transmission lines carry the electricity over long distances
from power plants to substations. Transmission is necessary because higher voltage reduces
energy loss over long distances

3. Distribution: From substations, the voltage is reduced using transformers, and electricity
is delivered to homes, businesses, and industries through distribution lines.

Comparison Between Existing Grid and Smart Grid

1. Technology and Infrastructure:

Existing Grid: The traditional grid is primarily composed of analog technology and
mechanical systems. It relies on a one-way flow of electricity from power plants to
consumers, and it has limited communication and automation capabilities.

Smart Grid: The smart grid integrates digital technology, sensors, communication
networks, and advanced software to create a more dynamic and responsive electricity
network. It supports two-way communication between the utility and its customers,
allowing for real-time monitoring and control.

2. Efficiency

- Existing Grid: Efficiency is lower due to energy losses in transmission and distribution,
lack of real-time monitoring, and limited ability to respond to demand fluctuations.

- Smart Grid: Smart grids are more efficient, as they enable real-time data collection and
analysis, which helps optimize energy usage, reduce losses, and improve load management.
They also allow for demand-side management, where consumers can adjust their usage
based on grid conditions.

3. Reliability and Resilience:

Existing Grid: The traditional grid is vulnerable to outages, especially during extreme
weather events or equipment failures. Detection of issues is often slow, and restoration can
take time.

Smart Grid: Smart grids improve reliability by quickly identifying and isolating faults,
rerouting power, and restoring service more rapidly. They also incorporate distributed
energy resources (DERs) like solar panels and batteries, which can provide backup power
during outages.

4. Integration of Renewable Energy:

Existing Grid: Integrating renewable energy sources like solar and wind is challenging due
to their intermittent nature and the grid’s limited capacity to handle variable power inputs.

Smart Grid: Smart grids are designed to integrate a higher proportion of renewable
energy. They use advanced forecasting, storage systems, and demand response strategies to
balance the variability of renewable sources.
5Consumer Involvement:

Existing Grid: Consumers are passive participants with little control over their energy use
or insight into their consumption patterns.

Smart Grid: Smart grids empower consumers by providing them with real-time
information about their energy use. Consumers can participate in demand response



programs, adjust their usage during peak times, and even sell excess energy back to the grid
if they have renewable energy systems.
6. Security:

Existing Grid: The traditional grid has limited cybersecurity measures, which makes it
vulnerable to physical and cyber attacks.

Smart Grid: Smart grids incorporate advanced cybersecurity protocols to protect against
both physical and cyber threats. However, the increased connectivity and complexity also
introduce new vulnerabilities.

7. Cost:

Existing Grid: Lower upfront costs for infrastructure, but potentially higher operational
costs due to inefficiencies and outages.

Smart Grid: Higher initial investment required for advanced technology, but lower
operational costs over time due to improved efficiency, reliability, and integration of
renewables.



6b)

5.6 Sub-Stations

General factors to be considered for planning are the following:

2.

3.

Historical data of worst floods are taken into account to avoid water logging of the sub-station in case of
possibility of flood. Flood plains and wetlands are avoided.
Atmospheric conditions like salt and suspended chemical contaminants influence selection of equipmex
and maintenance requirements.
Interference with communication signals, The construction company has to take permission from the
appropriate authonty.
Electric and magnetic field strengths are of particular concern, especially for Ultra High-Voltage (URV)
systems at 765 kV, 1200 kV, or above. Research organisations have shown the impact of strong elecs/
magnetic fields due to UHV sub-stations and lines on human health. Such new concerns are also reguired
10 be addressed properly.
To comply for approval of forest land and wildlife sanctuary. The usual process takes time (o get approvd
from concerned authorities. This process delays the construction activities.
The following criteria can be adopted:
(a) The capacity of any single sub-station at di

piasin b MV,;\ B at different voltage levels shall not normally exceed

* 400 kV, 1000 MVA

* 220 kV, 320 MVA

* 110KV, 150 MVA

The size and number of interconnecting transformers (ICT i e
! s) shall be planned in such a way
P m of ﬁ single unit would not overload the remaining ICTs or ll":eh:n&ﬂm e Y
n:r m_nmberofEHTMl’t.nmfm shall be planned in suchawaymi"mm
ﬁmmages et any ungk ou;ml. the remaining EHT/HT transformers would still supply 80% of the Io:;
f schematic of a sub- i i i
ub-station, A sub-station model describes primary equipment M-d‘

(b)

their connection relationshi i i

x g P- An intelligent sub-station is based el :
dispatching automation *ysmncanconinu\e oms' on [EC 61850 communication ”Mcﬂ‘
dlllnndelbosedonlEC&WOin : del based on TEC 61850 in a sub-station

the funci®®

ge engineering information. IEC 61850 fof 'Io’::
the bay level and the station level (protection relay™



6 c)

: ormance (HTLS: Hi -TmpaamtclowSag)neec.lstobeumupm.
WUsc o ngh.fcl:e;’fnu:m:ity. }ﬁom low-loss £ducton are incmai'ingly being used ro.; - ""’:
ulzcnsﬁgh(.of-my problems. Demand for power ooc_mfmes.to increase at an um rat, oy
ms to put greater and greater electrical loads on their existing l;m. m most enm::d transmig,
ircuits have been designed for operation at or below 93°C. ACSR, e Addlmwly W
cannot handle the higher temperatures resulting fxom_ increased current loads. tic mnnnnuon g
are not a cost-effective alternative. With the mcrusmgde-wgulanon pressures, rising construction ooy
and right-of-way scarcity, another option is needed. High-operating-temperature condnc.(ors(e,&.. ACOD
ACSS, ACCR) allow simple replacement on existing structures. These oonducm are designed (o increae
clearance, i.c., less sag at high temperature. The conductors are the following:

1. ACCC (Aluminium Composite Core Conductor)

Due to the composite core, itswcightisdemseducompuedtosteel.mmwnmstfof‘hybndm
and glass-fibre composite core;the rated continuous temperature is 180°C and operates at s:gl'u.ﬁmﬂycml_a
mnpenmmmanmndcmdtmmofsinﬁhrdinmemandwdzhtmdueqw load conditions due to &
increased aluminium content and the higher conductivity. It is the most economical conductor based ¢
lifecycle costs,

This conductor can be used to augment the capacity of existing overload transmission lines. The ACCC
is a high-capacity, low-line-loss, environment-friendly overhead conductor. It is a lightweight, high-stregh
low-loss, small-sag, high-operating-temperature, corrosion resistant, and anti-aging conductor, compared
to conventional Aluminium Conductors Steel-Reinforced (ACSR). High capacity means saving of
aluminium conductor. Annealed aluminium strand wircescanimptwmrcl!u:elomicalc:omhu:tivil)’"”".’d
reduce power consumption of the conductor. For capacity expansion of old lines and power stations, chit6™
the wire to ACCC but not changing the tower have more advantages[9].

Torrent Power Lid has energised the first ACCC conductor transmission line installed in mdiﬂbﬁ"GDC
318mm? Lisbon size conductor was installed to double the capacity of an existing 132 kV transmissio?
between two sub-stations in Ahmedabad, one of the major cities in the western part of India, in the 4
Gujarat. The conductor was delivered by Sterlite Technologies Lid,

immm“,:f"‘”’ Steel Supported) and ACSS/TW(Aluminium Conductof stet

* i u
inecsponse o this need, ACSS and ACSS/TW conductors were developed. These conductors allow g
current up to 40%. Instead of building new transmission lines, WACSSU"’
repinoeemnngACSanchmdnuallowing militiesmimm',mneﬂ"“”'wn’.t

Composite Reinforced) o
15 ¢

drop-in replacement for ACSR- I “‘
: on existing structures, whil® ni"‘
-Wire or trap-wire construction is composed of 3 ™

‘ Mxmwmmabymm;mmmmem
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6.2 Planning Principles

The following are the basic principles of distribution planning:

I

wn - -

6
i
8
)

It is more economical to transport power at high voltage. The higher the voltage, the lower the cost/kW
to transport power to a distant point. Transformers change the voltage level of the power.
Electricity travels as per Kirchhoff’s current and voltage laws.

Electricity follows the least resistance/impedance path in the network.

Every network has two basic ingredients—nodes and connections.

Power must be delivered in relatively small quantities at service voltages, e.g., 400/230 V level. In urban
areas, generally, three-phase, 11/0.415 kV; and in rural areas, generally, three-phase, 11/0.433 kV are
used. The latter choice is due to increased LV line length in rural areas where LV distribution is used.

However, in case of high-voltage distribution, the size of the transformer is kept as three-phase 11/0.415
kV.

- Voltage drop occurs from the source point to other locations.

Ina power grid, electricity moves by displacement.

. Line losses: The farther power is been transported, the more of it is lost as heat.

Losses in power are incurred, creating a cost.

10. The equipment and labour have cost.

11

 Operation and maintenance of service incur cost.

12. Future Joag wth during horizon years is accounted for.
3. When powefri: used for fny purpose by the consumer, the responsibility lies on the consumer to share

degradation of environment on this account. . , . :
» Noming] rated system voltage is the most efficient voltage for equipment operation. A rise above this

Voltage tends to reduce the power factor of equipment.

" Jmand response management is a step towards economy and supplying power at low cost to consumers.
b

' Elecm'c,-,), market. Wholesale, select retail, and bilateral contracts will cut down the cost of supply if
Uate power surplus and grid links are available.
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IR

6.6 Basi‘chcﬂatwork [10] v —>—=1D,

1. Sub-transmission circuits in voltage ratings Load
usually between 33 kV and 220 kV deliver D=
energy to distribution sub-stations.

2. The distribution sub-stations convert the energy
to lower primary system voltage for local
distribution and usually improve facilities for
voltage regulation of the primary voltage.

3. Primary circuits of feeders, usually operating in
the range of 11 kV to 22 kV, supply the load in
well-defined geographical areas. Load Load

4. Secondary circuits of 240/415 V at utilisation (@)
voltage carry energy from the distribution Load Load
transformer along the street, etc.

5. Service lines deliver the energy from secondary
circuits to the consumer premises by service
lines at 400/230 V. AutoRee0SS 7\ Sectonalizer |

The six basic distribution systems used by utilities ‘,{_‘ﬁ“dem O S

i
are shown in Fig. 6.1 Breaker Sectionalizer
.6.1. na
Substation Bus Load e

1. Radial Load

A radial system is connected to only one source Lot

of supply [see Fig. 6.1(a)]. It is exposed to many Lad

interruption possibilities. The mostimportantare those Mt:;‘::f:’ : Sectonaizer 3
due to overhead lines, underground cable failure, or k_D_ o O

: : Breaker
transformer failure. Each may even be accompanied Substation Bus

Breaker ) ‘

Substation Bus

N.D.

by a long interruption. It has lower reliability. Bo_th
components (feeder and transformer) have finite
failure rates and such interruptions are expected and
Statistically predictable. Feeder breaker reclosing or
emporary faults are likely to affect sensitive loads.
This system is suitable for small loads.

Load Load

(b)
Fig. 6.1 Basic distribution systems (contd.)
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2. primary i a radial system is . W
A gm[ improvement over Sy G, which
obtained by arranging 2 pramsy e 6.1(0)].
o feeders [sce f‘g' e path
sumer is by way of SINgIC }*
theﬁ:::: either side of loop d-epcndmg
Jose status of sectionalisers an
normally operated with the
h open. Any sectiog of m;
isolated without interruption an
fmc?:ulzm reduced in duration to the time .
Ec:uhed to locate a fault and do the necessary Substation Bus
switching to restore service. Each line of the loop
must have sufficient capacity to carry all the load.
The additional line exposure tends to increase the
frequency of faults, but not necessarily the faults per
consumer. Sensitive loads are affected by reclosing
under temporary fault conditions.

3. Primary Selective

It uses the same basic components as in the primary
loop. Each transformer can have supply from two
sources [see Fig. 6.1(c)]. High-voltage automatic
switching is provided ahead of the consumer’s
transformer. In the event of loss of feeder, transfer
10 a second feeder is automatic and the interruption
duration can be limited to two or three seconds. Fig. 6.1 Basic distribution systems (contd.)

Each service now represents a potential two-feeder

outage if the open switch fails, but, under normal contingencies, service restoration is rapid and there 8
no need to locate the fault as with the loop prior to doing the switching system. Reliability is high. It 8

offers little advantage to sensitive loads like computer problems caused by temporary faults. This scheme 5
normally used for large, essential, or continuous-process industrial consumers.

4, Secondary Selective

his system uses two transformers, each from a separate primary feeder and with low-voltage switchi"

[see Fig. 6.1(d)). The load is b ;
: . generally divided . wously
energised. T!le tie switch on the seco Mary te b peen O LT buses with both transformers conin

switches This systemis commonly us“d‘"y tie bus is normally open and s interlocked with secondary ¢

Power flow (0
at any one time
upon th open/c S
reclosers. The loop_ls
tie sectionaliser SWIIC

Transformer 1

Load Switch-1
N.C.
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5.1 Transmission Planning ('.rlt;da -[101

1n the nationsl approach, N — 2 criteria may be adopted for a large generating complex (3000 MW &

above) and malti-line corridors (3 double-circuit lines o more)on a case-to-case basis,whereas, 8l

planning may be continued with N — I criteria, However, while N — 1 would be applied to test

without necessitating load shedding or rescheduling of generation during steady-state :

N —2 would be applied to test withstand without necessitating load shedding but with rescheduling

mgmmmdmingrﬂm::dy-mleopemion. .
adequacy o m:nﬁssimsyswmnhmldhewedfordiﬂmmload-gemﬁm“‘“'

comesponding 10 one or more i i i e

mnu‘aﬁmtm: of the following 50 a5 (0 test the scenario of maximum burded o1

{a) Summer peak load

() Summer off-peak load

(c) Winter peak load

(d) Winter off-peak load

(¢) Monsoon peak load

() Monsoon off-peak load

Dispatch scenarios for imisi 2 2 w0
maximising transfe in specifc intr-regional corridors should be cOnSiT

determine the adequacy YRS
o‘lmmmwmmoft,umqw“ 4

_regional export/import. As a general rule, the Inter-State Transmission System (ISTS) shall be capable
ol Wi |,undlnulndb= secure against the following contingency outages:
@ Withstand without pecessitating load shedding or rescheduling of generation during steady-state

i Outage of 2 132kV D/C line, or

Outage of a 220kV D/C line, or

i Outage of a 400kV SIC line, or

wv. Outage of 3 400KV S/C line with series compensation, of
Outage of single interconnecting transformer, or

V.

v.i. Outage of onc pole of HVDC bipole line, or

vii. Outage of a 765KV SIC line without series compensation
((b) Withstand without necessitating load shedding but with rescheduling of generation during steady-state

on:
i, Outage of a 400KV S/C line with TCSC, or
ii. Outage of a 400kV D/C line, or
il Onugeofbo(hpolesofHVDCblpoklinc.ot

iv. Outage of a T65kV S/C line with series compensation.

The above contingencies shall be considered assuming 3 pre-contingency system depletion (planned
wngc)olanw:chMVMliumamvsmﬁminmdncatidmmdmunmmmmmcm
sob-station. All the generating units may operate within their :w:tiwupabimymamdmenuwk
valtage peofile shall also be maintained within voltage limits specified.

The capacity of any single sub-station at different voltage levels shall not normally exceed:

(a) 765 kV.9000 MVA

(b) 400 kV,2000 MVA

(c) 220 kV,500 MVA

(d) 132kV.250 MVA

(¢) 110KV, 150 MVA

NMMdewmlmmﬂﬂs)Mhpwmm.mymumW
Dfmyﬁnglcunitmldmcovedodﬂ\emahinglﬂsuthemﬂeﬂyhgsym.mlmmdnumba
dﬂl’l‘nrrum!ommshnllbeplmnedinsochawaymuinnwmotomgeofmys.'.gleunix,u,
Wnin(ﬂﬂﬂﬂtxmsfmwouldulﬂwwly%dﬂwlmd.

5.1.1 Operation

L Inmalmm(n-o)onupid.wimnnememuohemihhlehnsmiceinmeummor
My.'uisraqdmdmnaﬂthesymnpmmmnhvolux«.huﬁnp.mdﬁupmcymdmm
within permissible normal limits.

3 mwm.m,umwdsmmnnmmmm.mmu
disturbance, i.¢.. Joss of an element (N - 1 or single-contingency condition), all the system parameters
Wmm,mﬁqmmlkﬁﬁnp«mbuw&mdﬁnﬁu.

3. However, after suffiring one contingency, the grid is still vulncrable to experience a second contingency,
Mammbkw_|_|),mhmofdnewimmybebadednpwndrcumy
limits, To bring the system pnmmb.dwid\inlheirmﬂﬁmiu. Joad shedding/re-scheduling of
mmyMwwnwlddemuymwmcsmmm,
(SPS).summmmuuwummmwnwwlmm«mam
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[

teady-State Stability . - .
:.:.2 Scr system is planned to supply :fll loads during mmlm;:a ::: ‘mﬁmn %
condnpt.::’ns without the need for rescheduling of generation & cuting

The ission system should be capable of withstanding the following events with the voltage h‘:;

npetwork maintained within the limits spcmﬁed:' ")

Simultancous outage of two 220 kV circuils; or

Outage of 1400 kV SIC; or

Outage of a 765 kV SC:or )

Outage of one pole of an HVDC bugolc; or

Outage of one largest generating unit; of

. One interconnecting transformer outage : ' ‘

or to such contingency, all clements shall be considered to be in service.

The size and number of interconnecting wransformers shall be planned in such a way that the oatage of

single unit would not normally overload the remaining interconnecting transformers. The size and Ntk

of EHT/HT transformers shall be planned in such a way that in the event of outage of any single uai, 4

remaining EHT/HT transformers would still supply 80% of the load.

5.1.3 Dispatch Ability

1. Thetransmission system shall be planned on the basis of regional self-sufficiency. Wherever inter-regior
power transfers are envisaged, the system shall also be suitable for specific quantum of assistance fron
neighbouring regions.

2. ‘The maximum power angular separation between any two important buses shall not normally exceed 4
for Joad flow under steady-state conditions.

3. The transmission system shall be capable of transmitting states’ shares from the central sector/commot
projects.

4. The transmission system shall be planned to withstand outage of two circuits of 220kV system or o
circuit of 400 kV ora higher voltage system or one pole of HVDC bipolar or an EHV transformer witha!
necessity of load shedding or rescheduling of generation.

5. The msmission system shall be planned to ensure full evacuation of the maximum possible output frot
generating stations even under forced outage of a transmission outlet.

6. There shall be sufficient redundancy to ensure that there is no transmission constraint on reschodulits

gmlion under the conditions of outage in any of the generating plants.

Rencu\-e.compensaion shall be provided as far as possible in a lower voltage system with a view to meet

the reactive-power requirement-loads close to load points,

e

b)

6.10 Sy§tem Studies

The system may consist of group of feeders interconnected so that there is always more than one route
between any two points in the feeder network. It is designed with sufficient capacity protection throughout.
This system gives high level of reliable power to the consumer. The cost is very high as compared to radial
systems, Voltage drop, fault behaviour, load-flow studies are somewhat complicated. Now, computer
programs are available for carrying out such studies. The proposed system is analysed for meeting the load
demand in horizon year so that
L. Voltages are within permissible limits,
2. Adequacy of the system is established,
3. Losses are within limits, and
4. The scheme is financially justified. :
lumb(;:hd project reports are framed to identify the system strengthening works on long-term and short-
is:
1. For feeders having poor performance, reconfiguration (bifurcation or trifurcation, etc.) of feeder or
2 augmentation of line conductors and distribution transformers
3 New technology deployment for system improvement
X -minimisation plan . : geovy
-management project reports will be undertaken on pay-back to achieve tangible reduction in
wmdenergyconsumpdoninuwplannedhoﬁwnyw- AL _ ) )
The initia) system i ts can be very cost-effective in removing the above inadequacies as
Y lmprovcmen. Thus, there are two options:
) o other alternative of laying a new extended system. 1hus. P I
* System i (, augmentation and strengthening the existing system, improving the reliability and
Quality of supply, reduction of commercial and technical losses, and/or



. isting network ;
3. Expansion of the existing from various alternative schemes may be worked out copg;

The least-cost SR So:::::: and present values of the kW and energy losses over the ex %.g %

capital cost of the o ansion of network. When augmentation and strengthening of the exi Pecteq hfe“_'

O:VU;{JVI:;'B :l:cn :ea::ffts of saving in losses (kW and energy), net revenue increase due to additiona] . St
1

S s ture incurred on generation of the additi
.« calculated after adjusung the expenditure 10 ; ol
:::i;rl:srcgn{ ?a;:ues of alternate plans ar¢ compar-ed to chopse-the least cost solution. Also, financiy tn,.lm
of the chosen scheme is done to satisfy the funding organisation.

6.10.1 Automated Planning . _

Optimisation-based methods contribute to an engineer's understanding pf the interplay of costs, stan
performance and their trade-offs. The computer-aided power-flow studies of thf: existing sub- %
and distribution system and proposed expansion of network up to the meter point should be carried ot
assess the following:

Active and reactive power flows

Voltage variation (at each node or bus, % variation)

Technical peak power loss and average energy loss

Computation of commercial loss from feeder or sub-station energy-balance sheets

Inadequacy: Overloading of transformers and lines

Adequacy of new expansion

Security and reliability of supply

Load-flow analysis for voltage regulation, active and reactive power flows and loss calculations (power
and energy)

9. Short-circuit analysis

10. Sub-station sizing and locations

11. Capacitor placement and sizing

12. Network reconfiguration and reinforcement

13. Voltage control through series capacitors and voltage regulators, etc.

6.10.2 Software Needs

Before purchasing any package, its strengths and weaknesses must be ascertained (0 find its suitabil®
for the job. Load unbalancing, low voltage conditions, 2-phase supply or single-phase supply. and 11 l
supply for agriculture in some states need special consideration in the choice of software. A very impress"®
computer program, implementing a clever algorithm, will produce nothing of value if built upon model 14
is inadequate when measured against the planning requirements. Generally, software is selected 0f the
of least lifecycle cost or least ownership costs (hiring or purchase + rraininé + maintenance costs). The

points given below can be checked up dependi :
1. Best overall performance p depending upon the importance attached to each.

2. Best solution

P TR B ol o e
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9.

10.
11.
12.
13.
14.
15.
16.

of the vendors for distribution system studies software

ViIuIvuLIveT e

; AM/FM/GI s i
©ecrcite de France, Paris (PRAO) ( S/Network system analysis) are

scott and Scott, New Delhi (SYNERGEE)

swed Power Sydkraft International, Malmo, Sweden (SWENET)

Milsoft Integrated Solutions Inc., Abilene, Texas

power Technologies South-Asia Pvt. Ltd., New York (PSS/U, NE PLAN)
ABB, Bengaluru

Trident Technologies Pvt. Ltd., New Delhi (CYME)

Global Energy Consulting Engineers Pvt. Ltd., Hyderabad (POWERNET)
KLG System Ltd., Gurgaon (SPARD)

International Computers, New Delhi (DINIS)

Indicos Information Technology (P) Ltd., Mumbai (GIS)

Autodesk®, Bengaluru, (GenMap)-AM/FM/GIS

KLG System (PSS)

Tata Consultancy Services (TCS), GIS, Billing, Metering, ERP
WindPRO 2.8: planning and design of windfarm projects

PowerWorld Simulator17

6.10.3 Geographical Information System (GIS)

L
2.

Create a digitised background map of the area from Survey of India maps.

Carry out GPS survey with a GPS receiver to locate the sub-stations/transformers/poles/consumer points,

etc. A GPS receiver figures out the distance to each satellite and uses this information to deduce its own

location. A GPS receiver must have a clear line-of-sight to satellites to operate.

Attribute data of each pole and other facilities collected during the survey such as asset data, transformer

details, cables, line poles, services, type of use, load, consumer details, etc. Draw single-line diagrams.

Preparation of Network in GIS package (AutoCAD map/Map Info/Arcinfo) Use DGPS (Differential

Geographical Positioning System) to fix salient topographical details and handheld GPS (Global

Positioning System) to locate network details of the consumer level up to 1-metre resolution.

Layers (e.g., using GeoMedia Professional software) of information are contained in these map

representations.

(a) The first layer corresponds to the distribution network coverage.

(b) The second layer corresponds to the land background containing roads, landmarks, buildings, rivers,
railway crossings, etc.

(¢) The next layer could contain equipment information, viz., poles, conductors, transformers, etc.

6.10.4 Network Analysis
The electrical database of the network can be imported (as shown in Fig. 6.4) from the GIS/AM/FM into
Various analysis runs for carrying out studies:

Voltage profile/load-flow analysis
Fault-flow analysis

Capacitor placement

Contingency analysis, etc.

For segregating the system losses into technical losses and commercial technical
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8.1 pemand Respor‘se (ﬁR)

~ .1

.1y in operations. Common examples of demand response include ability of the industry to change
ﬁn’:::zucdof’ patierns, without suffering a loss of revenue and jeopardising economy of overall operations.
9P| the electricity consumption can be reduced during hours of need of the grid. DR can be used to

m;ngation or ow{erlf)ad Fondmon on the distribution network. DR can be applied to support COIISI'lmelS

partiwlll' dnstnbut-non node by relieving overload on a feeder of the distribution system without
e the cost of dispatching a DR event across a whole transmission area. DR is a vital improvement
;ﬂ“' \oad-shedding practice adopted currently to reduce the excessive power demand in India.

lgommm Plannlngl
l
|
Demand 998900:01 I Energy efficiency l

nsitive Pricing

|

e e

Time-of-use Tariff (TOU)
Critical Peak Pricing (CPP)
Real-time Pricing (RTP)
System Peak Response
Transmission Tariff

— 1
[Reserve | ”E"‘I 'Wry [Regulations] [Energy Price]

Fig. 8.1 Demand-response planning

8.1.1 Demand-Response Categories

L Voluntary Demand Response

ki i i lect whether or not to
ipant consumers are notified of the need for demand mlmt a-nd can se|
without commitment in advance. They must offer in specified curtailment proposals. Once offers are
Participants are obligated to curtail demand as proposed.

2
“ntractual Demand Response . e
e aiipant consumers have qualified for the DR programme, they are obligated to curtall et demand
Secution of the trigger signal. Participant consumers receive an avallabl!ny payment for committed MWs
by fOF the TYR merremememas shans mnct he consuming in order to receive payments.
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11,

1 Market Principles

The principles for the electricity market are the following:

. The market's mission is growth.

L Blectricity is, by its nature, difficult to store and has to
continuously,

. Bletricity s o commodity with a highly seasonal, incl
dependent generation and demand, is prone (0

4' 4
lnn theory, electricity markets provide generators w
" thereby induce expectations of lower clectri

6,

balancing on 4 second-b{';ic:::‘hc basi; of long-term, short-term. day-ahead, or intra-day oot k-
arket operale X 2

8, The m\f/cfr ";‘l'; A Ofr;—icc formation in wholesale spot markets 1‘5 the n?stantaneous l_lature of elecyi
9, The n;:ll"iC:’ Jaws that detrmine the power delivery across a grid requires sy nchronised energy byl
5 ! 5 ; ¥ balangs

gllivlt’:c{l injection of power at generating points and offtake at demand points (plus some allowance g
transmission 1055€S)- : e ‘ B

10, A significant difference between electrical energy and other commodities is that energy produced by o

12, Markets bring efficiency in usage of transmission capacity by economic dispatch and conges; .

13, Markets encourage investment signals to investors in generation and transmission.
14, There are daily and weekly cyclical variations in cost and price of electrical energy.
15. Marginal cost varies over the course of the day.

16. Electricity is the only network with prices that change every 15 or 30 minutes.

17. There is often shortage of markets in India. Fixing of trading margins by regulators is generally defi
18. Pcaking power must be made viable by applying time-of-the-day tariffs. e y 8
19. There is, therefore, a physical requirement (as per the Electricity Act 2003, sections 26-34) forﬁ

be available on demand. Demand and supply vary

astic demand. This, combined with weather-

ghort-term price volatility. n
ih incentives to reduce costs and increase productivity
Electricity markets, however,

o ices (0 consumers. ts, howe
o aks and, in situations

; e it o
also ¢ f AR o This leads 1o criods with price p
Ssend strong price signals in times of scarcity. This lea P

Wit abundang supply, very low prices.
“:):)cl:::“:,y does not behave like a normal u)m;
"cry(;nc.u,t w}““ 9_0 you do about clcclnulyk iy
o es daily life—whether you are at wor
°°$1csll:c“y flows from the power plant 10 (he consumer at
Mty change their output.

¢ is high, you buy green

. 16 the nrice of red apple ;
nodity. 1f the price of i tial to

socicty without it. It is esser

no substitute for it
d. Some power plants must

You cannol live il}
¢. There 18
200, 000 km/secon

The most fundamental dinerence == ---—-any market, requiring gENETauLI (SUppLy) and load (de;n =

generator in the power system cannot be directed to supply a specific consumer; rather, the eper,

pooled. 4 ¥, {
. The laws of physics determine how electricity flows through an electricity network. Hence, the extentof

clectricity lost in transmission and the level of congestion on any particular branch of the network
influence the economic dispatch of the generation units. :

management.

independent transmission system operator to coordinate the dispatch of generating units to meet
expected demand of the system across the transmission grid. h 2
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11.7 Power Markets [14]

11.7.1 Power-Exchange Market

The power-exchange market is a market where buycr:s‘, sellers, electricity traders, opcn’-acfccss consumg
and members of power exchange transact on standardised contracts. Hcrc: the power cxf:lmngc. or
corporation, is a counter-party to such contracts and, further, schcflulmg is done by rcglqnal load dlspalch
centres or the National Load Dispatch Centre. The norms are applicable to all contracts (intraday comrac 3:
contingency, day-ahead contract, term-ahead contract) contract transacted on power exchanges, ol!rc_
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 b jfl
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 Stoc
Memorandum of Understanding (MoU) with a num
and power-deficit entities looking for power. The
trading margin, if considered necess
prevent collusion and unfair gaming.

The price in the Day-Ahead Market (DA
to bids from consumers/power utiliti

k Exchange. This is a company that has entered into a8
ber of power producers, who commit the surplus power,
Act provides that the appropriate commission may l_'lx the &
ary. The regulator role needs to be largely confined to monitoring ¢

M) is, in principle, determined by matching offers from generators :
es/exchange members at each node to develop a classic supply 8b. ;
s n an hourly interval for 24 hours, and is calculated separately for S”%

ey
oad-flow mode] indj i ill bind transmissi®™ £
Exchange members participate in trade, the Icates that constraints will

U dc &
. s » the day before, st ntracts provide
considerable flexibility by allowing operators )t’o ﬁnc::-tun::mo(i:::rlfi hourly contracts. Hourly o :

s se
; ase addition 0F*

excess). Powe'r exchanges have the following characteristics: i it B it

1. Standardized contract structure o

2 RPbusl clearing and settlement system

3. Risk management

4. Transparent

price-discovery mechan
Block contrac o mechanism

IS correspond to 5 - tectricity
po! the needs of pm‘[)c]pams who want to buy or sell set volumes of chCln



11.7.2 Wholesale Market-Forward Contracts

1, Bilateral Trading (Term-Ahead Market)

?;P:::lfnglupon the Eime available and quantities to be traded, buyers and sellers can resort (0 different

s [;d ateral trading based on agreement reached. The bilateral market aims for common price through
gotiated approach and transactions can be on short-, medium-, or long-term contracts.

F) z
(3) Customised Long-Term Contracts These usually involve large amounts of power over different periods

of
days and weeks, generally one to 25 years.

() Customised Short-Term Contracts These usually involve power over different periods of days and
state part), directly by the

w“ . . -
hb,u3 months to 1 year period through inter-state trading licensees (only inter-
) lion licensees (distribution companies), through power exchanges, and the Unscheduled Interchange

4 Te
ese""-Ahead Market (TAM)
5 :l:e the contracts where physical delivery of ele
ly ead from the date of transaction (7) and the contracts
Yearly or more in advance.

I
. rad. 5
tr::lg O.Ver The Counter (0TC)’
(‘f" A msm‘ons usually involve a small
Pice ang t:mhs to several years. Buyers 2
Compey Tms of the contract are determin
ve bndding process.

on a date mor¢ than one day (T + 2or

tricity occurs
p - ¢ transacted weekly/

in such a market can b

ndreds of MW) over long periods of time
irectly or through an clectricity trader. The

amount of
setween the parties or through

nd sellers t
ed through 0



11.7.3 Renewable Energy Certificates (KEL) mer>~

4 1] and save the environment, The Cenir
; e-scale failure [
s prone (0 larg

Y al By, 8
Conditions for Recognition and Issuance of Reneyyypy. o8

Renewable systems are les “Wable 1, 558

‘cion (Terms and SR : i i
chlil‘l_m(iryffro;;:::z;::";c(smrgy Generation) Regulations 2010 introduced the modalities of Ric |1
Certificate

ertificate (REC) mechanism is a markel-h
Indian electricily Se1ok o chcl}” a‘tl)'lfafznl:::gn)::vfablc Purchase Obligations (RPO).
(o promote renewable energy ;?:c:(:l laddl’CSSi“g the mismatch between availability of RE resoyre,
Tt BEC D MB RS of the obligated entities to meet the renewable purchase obligatiop (ppe
state and the requirement ificatc system contains a supply side (electricity producer) and a depgpg it
The mnewt::lt?Ic :::cl‘g):l gf:l;(;r e ycgar) and the data that the energy ce:rtiﬁcalc TEPIEsents can b g s
:)‘;I::ea&:mlrg:f lrl?cqccniﬁcate. A production facility can, .thus. be paid for both the physical ¢} ,
it has generated and the energy certificate that the generation has produced. The total revenue from g
renewable energy will be revenues from power plus revenues from energy ccn{ﬁcatcs. R[;g are issiid
o those generators who have generated electricity through renewable sources like solar, wind, biomg
small hydro, municipal solid waste, elc. While these generators receive price for power without I
premium towards green source, they receive green premium through BECS. There are two types|
RECs available: solar and non-solar. To ensure the RECs are truly reflecting the green or environmen
attributes of power, CERC has issued regulations giving how these generators are accredited
registered, and issued certificates.
2. One REC is issued to the RE generators for | MWh of electricity injected into the grid from renewal
energy sources. RECs are deposited with power exchanges for sale of RPO schemes.

3. The certificate once issued remains valid for three hundred and sixty-five days from the date of
issuance.

4. The REC is issued to RE generators only.
5. The REC could be purchased by the obligated entities to meet their RPO under Section 86 (1) (¢) of (%
Act. Purchase of an REC would be deemed as purchase of RE for RPO compliance.

Grid-connected RE technologies approved by MNRE would be eligible under this scheme.

RE generations with existing power-purchase agreements on preferential tariffs are not eligible for RE
mechanisms.

SERC is to recognise REC as a valid i
S!ERC would define open-
distribution companies,
10. SERC s to designate the itati . |
Aty state agency for accreditation for RPO compliance and REC mechanis™
11. CERC has designated the Natj
- National i .
e foa Load Dispatch Centre (NLDC) as the central agency for ™
12. Only accredited projects can .

ased NSty

bl 4!

nstrument for RPO compliance.
access consumers and captive consumers as obligated entities along W

200

d in power exchanges in i rds as
2 ges in its records
€ certificates will be extinguished by the Central &

13. The central agency would isstrle gliécl' Sk A LY.
2 -l[h]:e g;,g ¢ REC to RE generators for specified quantities of electricity injec
- C would be .
15. The central agency ‘:‘,‘;lh ::tgied O_nly in the CERC‘aPpmVCd power exch ;
provided by the Nguish the RECs 5o T per o
cy

TR Power exch
first-in-first-ouy’ anges. Th
16. The o -out’ order,

: i e
generation would be equivalent to the wc'g*“‘dn W
term power purchase but excludi®®



“Jn‘ Reta“ s =
: deancu.y.(see S?lct:lanﬁ-L) aﬂ:nrkftl exists when end-use consumers can choose their supplier from
wemmcuy retailers. A separalc issue for electricity markets is whether or not consumers fiuce real
e pcing (prices based on the variable wholesale price) or a price that is set in some other w: ll:ﬁ:;:ll“;
ual costs. In many mar!ccls. consumers do not pay based on the real-time price, and hcyr;ce have
? acenlive 10 reduce demand at times of high (wholesale) prices or 1o shift their demand to other pc‘rio(ls.
response may use pricing mechanisms or technical solutions to reduce peak demand.
y, electricity retail re.fonn follows from electricity wholesale reform. However, it is possible to
e 2 single electricity-generation company and still have retail competition, If a wholesale price can be
wablisbed at @ node on the transmission grid and the electricity quantities at that node can be reconciled,
anpetition for retail customers within the distribution system beyond the node is possible.

Alhough market structures vary, there arc some common functions that an electricity retailer has to be
$k to perform, or enter into a contract for, in order to compele effectively. Failure or incompetence in the
arcution of one or more of the following has led to some dramatic financial disasters:

. Billing

1 Credit control

3 Consumer management via an efficient call centre

4. Distribution use-of-system contract

5. Reconciliation agreement

§ "Pool" or "spot market” purchase agreement

7. Hedge contracts—contracts for differences (0 manage "spot-price” risk e :

_Compcti!ive retail needs open access 10 distribution and transmission \\(lrcs. This, in turn, reguircs that
Mices must be set for both these services. They must also provide appropriale returns {0 the owners of the

:;‘!md encourage efficient location of power plants. Independent companics s!lould pm\ridcf ((l;\:n:ul‘:o:
Iransmissi : ; _nicking problem which is a major concern © istributior
' alon scrvicos. This sobveg 00 checty Pl b also a major concern of pure retail

ol seling ret ity to insti subsidies

selling retail services and the ability to institute cross-s s el

Ies" schemes using two transportation prices. There are WO types of l‘(}:::s.f lh(.!r:;::?; lgc:icar:: :l;::

: el il ok e of baving &% oo BT f(!) :vslthc marginul'cosl of

tri:fm Use the existing transmission and distribution network. The regular fee reflec :
mﬁ;‘“‘ﬁ‘iity tirdygh fhe cx S8 Bk ;'Nircs. f electricity contracts, e.g., long-term

y consumers have the freedom 10 choose fror YO can also hedge

%k o Vith a fixed price, or a combination of spot- ; s as well as the

Q:w : cmm‘s'ph t;leory competition 17 the m?“'kel e mon:‘r’zfn‘/?cwcsl.)gilling. and product

Nkﬂkm of products (e.g. diﬁ'::rcm forms of paymcm conditions, C:::: st e majosty i

)orall end.users. Ho'wevcr, to date, this development has not

Ve . i
stayed with their historical supplicr:



11.7.6 Generation Capacity Market

The capacity markets are contracts designed to ensure sufficient reliable capacity is availzble o ensuz
reli.ability [6] and security of electricity supply in times of system stress, for example, during a hot summes
period. It puts in place contracts to give incentive to the providers of reliable capacity to be availzble wter
needed. The Central Government entities' (e.g., NTPC, NHPC, etc.) regional power stations are insidlk
on the bas‘sf of °°“;_m°ﬂ sharing of 85% power in the region. This could include both generation zné K&
generalion forms of capacity such as demand-side nse and sto; : in [ndi2 B8
“ : respo rage. The power market in InGi2 B =
eteirngy-only market”. Generators are paid for the electricity they sell and this is arranged viz 2 EEZ=
::nerfl:ry tsht;ImhaI:bS;Ch oo oy 8% BEBcIahon feeche price equal to the bid from the most expeas
e e o rcsul(,n am‘mfd-ve The generators are motivated to bid according to their short-term D—ﬁ
that bid in with the highest pricc)a'lp';)-lcc;i;fhm is higher (except for the marginal plant—the &&= F 13
received contributes to covering . erence between their bid short-term marginal cost. and the PO

Capacity providers are paid .

: 0 § ) -
or, in the case of demand l'l::l;ipollfez.l hlowcapamm?cr-yw basis for the capacity that a power plan! wiﬁ
payments for providing load reductions ge . .. - of power that can be reduced. Consumers 1e¢i¢
as substitutes for System capacity.

fixed costs,

o he
: Sponsible for ensuring security of suppl¥ brfc :
fficient geperese. . CSOCO has the responsibility of ensuri®E 7, e
Craling capacity is a function of the market detem™™
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1. Price-Area Congestion Management
Spot-market bidders must submit separate bids for each price area in which they t'uwe generation or |
If no congestion occurs during market settlement, the market will settle at one price, which will be
as if no price area existed. If congestion does occur, price areas are separately settled at prices that s
transmission constraints. Areas with excess generation have lower prices, and areas with excess load
higher prices. Since power lines are always needed, if a failure on a line occurs (because of congestion or
other reason), the supply of electricity will be interrupted. The system operator (e.g., POSOCO) identifies
transmission bottlenecks and increases price in deficit areas: increase supply—decrease demand; and dece
pr in surplus area: decrease supply—increase demand.

~1S0OCO will have income (capacity fee) = maximum capacity (Py —P;) as shown in Fig. 11.7.

Price Area A + Area B Price Area A Price Area B
A Sale A Sale

Volume MV Volume MV
Volume MW
atthe node in area A + B at the node in area A at the node in area B

Fig. 11.7 Market splitting for transmission congestion
Participants have the incentive (o ¢ late

limi 2 . a-abie O o L
unconstrained MCP for the whojo ey iminate this fee by investing in transmission capacity. Cale

rket.

2. Available Transfer Capabili
A A
This is particularly used i 1ty (ATC) Based Congestion Management

ility (ATC) for potentially congested tran§ jer ¢
measure of how much additional electric PO

k. ATC is a



: int to the end point of a path, The ATC

ne starting po . path, The values for the

f““:: are placed on a website known ns Open-Access R honteind.foc encl
\!

Sume-time Information S
‘ dona w o ystem (OASIS),
“ 4 ":‘, 0. Anyone wishing to do transaction would access OASIS Web pages and use ATC infom\nlio)n

% determine il the system could accommodate the transaction,

ol POWET Flow (OPF) Based Congestion Management

1 is Cne 'l e
[0 o 18 pcrfonued to mmh}u\\‘c LL“}“‘“‘I‘ operating cost with a set of constraints that represent o
he m“smissinn system within which the generators operate.

i a R o wichi R 5
oo ¥ crators send a Ot function and those wishing to purchase load send a bid function to the 1SO. The

mplete gransmission model and can then do an OPF caleulation. The OPF solution gives prices/
Igowdh node of the system. In some countries, a zonal pricing method is followed in which the system
.\di :.gd into various zones on geographical basis. The zone prices determined by the OPF are used in the
is Y -

fllowing AN

Generators Arc paid the zone price of energy
o

) The loads must pay the zone price for energy.

{f there is 0O congestion, there is one zone price throughout the system, and the generators are paid the

e price for their energy as the loads pay. When there is congestion, zone prices differ, cach generator is

4t Zone’s price, and each load pays its zone’s price for energy.

Thus. the OPF, through pricing in the zones, performs the function of controlling the transmission flows
(ihatis, maintaining transmission system security).

When transmission capacity is restricted, the spot market must ensure optimal dispatch of power plants.

Congestion will result in a price variation, with low prices in the exporting area and higher prices in the
ingerting area.
Congestion management may occur

daily. Price differences are more frequent during the day, when
demand is higher.



