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The Liberalization Of the Power Industry has 

Changed the Way Power Systems are being 

operated. The Monopolistic, Vertically 

Integrated Power System has now become 

market driven. In this new operating 

environment, determining the Impact of 

individual market players on the system has 

become very significant. To ensure fair 

competition among the players, all financial 

transactions should be transparent, and none of 

the costs should be allowed to be subsidized or 

cross-subsidized transparency can be 

accomplished only when the power-flow path of 

a Generator and its flow extent are known. This 

information, which can be determined by power-

flow tracing, not only enables the Independent 

System operators (Isos) to pay proper revenue to 

the Generators, but it also proves to be a very 

important tool for different analytical purposes. 

Power-flow tracing should be done separately 

for both active and reactive power, As the 

direction of the reactive power flow from a 

Generator through a particular line may not be 

same as the direction of the active Power flow. 

Thus, proper Power-flow tracing makes the new 

Privatized Power System structure more 

equitable. Power-System deregulation and 

Transmission open access make it more and 

more important to calculate The price of 

wheeling transaction. They are bringing about 

significant changes in Generation and 

transmission patterns. To calculate the price of a 

wheeling transaction in a fair and sound manner, 

we need to know how the customers utilize the 

transmission system. In particular, we need to 

know the contributions of individual Generators 

and loads to the line flows and line losses of the 

transmission system. In many parts of the world, 

the electricity supply industry is complex  

 

agreement involving many utilities many forms 

(Separation of traditional vertically integrated. 

Competition will flourish only if all actual and 

potential market participants are convinced that 

the market is operating fairly. Transparency in 

the operation of the transmission system is an 

essential ingredient in establishing this 

confidence. In this respect, Generators, suppliers 

and network operating companies are likely to 

want accurate and indisputable answers to 

questions such as “How far is the power 

generated by this unit real one going?” Or 

”which generators are supplying this load?‟ Or 

even “which generator is making the biggest use 

of this transmission line?” Before the 

introduction of competition, these questions 

were of limited and mostly  academic interest 

because all of the Power was generated by the 

same utility company any or bought under fairly 

straight forward contracts. Furthermore, 

conventional wisdom suggested that, except for 

radial networks and other special configurations, 

they did not have any answer. Transmission loss 

allocation is not an easy task. even in a simple 

two-node system with one Generator supplying 

a single load, loss allocation between the 

generator and the load has to be agreed upon as 

there is no physical measurement or 

mathematical method that determines the loss 

shares in a unique manner. What fraction of the 

reactive capability of a Generator is used to 

supply a particular load? In a vertically-

integrated power system, questions like this one 

are of little practical importance. On the other 

hand, in a competitive environment, such “usage 

allocation” questions must he answered clearly 

and unequivocally. It is the object to distinguish 

which part of a particular flow or loss is 

contributed by particular Generators and loads. 
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Power-flow tracing can help allocate the total 

Cost of transmission service among all the users 

in an equitable way. 

Transmission loss always plays an 

important role in power system operation; 

however in the privatized power system 

structure, it attracts more attention. In the earlier 

monopolistic structure, The main task was to 

minimize the overall transmission loss, but in 

the horizontally integrated liberated 

environment, the identification of the supplier of 

this loss also becomes a necessity. The 

allocation of Transmission Loss between loads 

and generators is a complicated task, as the 

Power output of one Generator cannot be 

identified or Separated from the power delivered 

by another. So it is not easy to determine which 

generator or load is responsible for the flow and 

loss in a given line. Moreover, transmission loss 

is a non-linear (quadratic) function of line flows, 

and so the allocation of power flow from any 

generator to a load becomes a very flow, the 

cross terms associated with the quadratic loss 

function do not allow the difficult task. Even 

linearization techniques are used to allocate the 

power loss to be assigned to generators and 

consumers directly. ■ 
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Fig 1: Subdivision of system reliability 

1. Introduction 

The function of a modern power system is to 

satisfy the system load at a reasonable cost with 

a reasonable assurance of continuity and quality. 

The recognition of „reasonable assurance‟ is the 

basis for a wide range of studies generally 

designated as reliability assessments. The term 

„reliability‟ has an extremely wide range of 

meaning. The one most often used is that 

“reliability is a measure of the overall ability of 

a system to perform its intended function". The 

concept of power system reliability is extremely 

broad and covers all aspects of the ability of the 

system to satisfy the consumer requirements. 

The term reliability as applied to power systems 

can be subdivided into the two domains of 

adequacy and security assessment as shown in 

Fig.1. 

 

 

System adequacy relates to the existence 

of sufficient facilities within the system to 

satisfy the consumer load demand. This 

includes the necessary facilities to generate 

sufficient electrical energy and the associated 

transmission and distribution required to 

transfer the energy to the actual customer load 

points. Adequacy is, therefore, concerned with 

static conditions which do not include system 

disturbances. 

System security, on the other hand, 

relates to the ability of the system to cope with 

perturbations arising within it. This includes 

the conditions associated with both local and 

widespread disturbances and the loss of major 

generation and transmission facilities. 

Adequacy, therefore, involves steady-state post 

outage analysis of power systems, while 

security involves the analysis of both static 

and dynamic conditions. 

2. Functional Zones  

A modern electric power system is highly 

integrated, usually very large and very 

complex. Electrical energy is generated at the 

generating stations and supplied to the 

individual customers through suitable 

transmission and distribution networks. It is 

very difficult or perhaps impossible to analyze 

the whole power system as a single entity 

using a completely realistic and exhaustive 

procedure. A power system is, therefore, 

usually divided into segments which can be 

analyzed separately. These segments are 

referred to as generation, transmission, and 

distribution functional zones. These functional 

zones can be combined to form a series of 

hierarchical levels for the purpose of 

conducting reliability analysis of the system.  

At Hierarchical Level I (HL-I), the 

objective is to assess whether total available 

generation meets the total system load 

requirement. The transmission system and its 

limitations in moving generated energy to the 

load points are ignored. Generation capacity 

reliability methods are based on the analytical 

characterization of the probability distribution 

of the available generation capacity, which is 

then compared to the distribution of load to be 

supplied. Efficient methods to compute 

System 
Reliability 

System 
Adequacy 

System 
Security 
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generation reliability have been available for 

several years, and the resulting probabilistic 

indices such as loss of load probability 

(LOLP), expected power not supplied (EPNS), 

and frequency & duration (F&D) are widely 

used in planning studies. 

Later, the rapid growth of power 

networks and increasing interconnection 

among utilities led to recognition that 

transmission networks play a critical role in 

determining overall system reliability. In 

Hierarchical Level II (HL-II) studies, the 

simple generation/load model used in HL-I is 

extended to include bulk transmission. 

Reliability analysis at this level is usually term 

as composite system reliability evaluation. 

Including transmission makes the task of 

calculating system reliability much more 

difficult then when only generation capacity is 

examined. For example, evaluation of system 

steady-state behavior for a given scenario, 

where load levels, generation availability and 

circuit availability are predetermined, usually 

requires a power flow analysis, instead of 

simple comparisons as in the case of 

generation reliability evaluation. Also, it may 

be necessary to represent remedial actions 

used to alleviate operating constraint 

violations, which adds a further degree of 

complexity. Composite system reliability 

evaluation methods are still not applied in 

most utilities. There is, however, a wide 

recognition of the need and relevance of such 

tools.  

Finally, Hierarchical Level III (HL-III) 

comprises the joint study of the three 

functional zones. However, due to the problem 

complexity and dimensions, the distribution 

system has usually been studied separately 

from the generation and transmission systems. 

3. Approaches for reliability evaluation 

         There are two basic approaches which 

have been used for power system reliability 

evaluation for decades. They are, 

(a) Deterministic approach 

(b) Probabilistic approach 

Deterministic approach has traditionally 

been used by system planners. In the 

deterministic approach, the performance of a 

candidate system design is evaluated for 

several different scenarios, representing 

operating conditions considered to be both 

severe and plausible. For example, a scenario 

may be defined by the peak load level, a single 

transmission contingency and the outage of the 

largest generating unit. A system will be 

acceptable if it is able to supply load under all 

scenarios. In this case, the planner will select 

the most economic plan among those 

candidates found to be acceptable under the 

deterministic criteria. 

The deterministic approach has been 

several attractive features. It is straightforward 

to implement, easy to understand and the 

engineering judgment about severe and 

plausible operating conditions is usually 

consistent with the perception of a reliable 

system operation in the past. However, the 

limitations of this approach have also been 

recognized for a long time. For example, it is 

difficult to determine the degree of 

unreliability of a system which fails under one 

or more scenarios; if two proposed system 

designs pass all scenarios, one cannot 

determine which has the largest „safety 

margin‟; finally, the deterministic criteria may 

lead to uneconomic designs (usually 

overdesign) as compared with the „true‟ 

optimal design, which takes into account the 

probability of each operating scenario, and the 

economic consequences of underperformance 

under the scenarios.  

The alternative to the deterministic 

approach is the probabilistic approach, in 

which the stochastic aspects of the problem are 

explicitly represented. The conceptual and the 

practical advantages of a probabilistic 

approach have been recognized and promoted 

for decades. However, the transition from 
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deterministic-based to probabilistic based 

criteria has been slow. Some of the major 

difficulties are: 

(a) Data Collection: Equipment outage 

statistics are based on historical records, 

which are often incomplete and contain 

errors (misclassifications, human errors, 

etc.); also, some older records are not 

stored in magnetic media, increasing the 

collection and analysis effort. 

(b) Modeling of Probabilistic Phenomena: 

The probabilistic methods underlying 

equipment outage may be quite elaborate, 

depending on equipment type, age, duty 

cycle, etc.; for example, multiple circuit 

outage may be caused by shared tower 

structures, by the occurrence of severe 

storm, or by substation failure, among 

others; these different causes have to be 

classified and modeled separately. 

Modeling of System Response: The 

probabilistic evaluation is carried out with 

computational models able to simulate 

accurately the system behavior under a very 

large number of operating conditions; the 

development, validation and application of 

these computational tools requires substantial 

engineering and computer resources. 

Probabilistic methods are widely used in 

generating capacity evaluation. However, 

transmission system evaluation is mostly 

based on deterministic criteria and the main 

principle is based on maintaining adequate 

service under most likely outages, but to 

accept some degradation of performance such 

as line overloads and station low voltage. The 

essential weakness of deterministic criteria and 

techniques is that these do not and cannot 

account for the probabilistic and stochastic 

nature of system behavior and are not 

responsive to many of the parameters such as 

load and risk nature, which actually influence 

system reliability. Although currently 

deterministic criteria and techniques are still 

predominant, there is today a widely held 

recognition that the statistical assessment of 

past performance and the probabilistic 

evaluation of future performance have great 

value in the planning and operation of a power 

system.  

The dilemma between the probabilistic 

and deterministic approaches can be alleviated 

by embedding deterministic considerations 

into probabilistic framework using a model, 

known as „well-being model‟, which bridges 

the gap between these two approaches. System 

Well –being approach incorporates the 

deterministic criterion in a probabilistic 

framework and provides system operating 

information in addition to risk assessment. 

This approach not only provides a new 

perspective to generation adequacy studies but 

can also be useful in those situations in which 

conventional probabilistic techniques are not 

normally accepted, such as in system operating 

capacity reserve assessment and in small 

isolated system planning. In this approach, the 

capacity reserve is evaluated using 

probabilistic techniques and compared to an 

accepted deterministic criterion, such as the 

loss of the largest unit, in order to measure the 

degree of system comfort. 

Well-being model utilizes three well 

being indices, the probability of health P(H), 

the probability of margin P(M) and the 

probability of risk P(R). These three 

probabilities reflect the three states in which 

the system can reside.  

The probability of health P(H)  is the 

probability of the system being in the healthy 

state (normal state). In this state, equipments 

operate within their constraints and generation 

is adequate to satisfy all the load demand. In 

addition, there is sufficient margin such that 

the loss of any major system component such 

as generating units and transmission lines, 

specified by the deterministic criterion, will 

not result in an operating limit being violated 

or load curtailed. The criterion will depend on 

philosophy of individual utilities. 

The probability of margin P(M) is the 
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probability of the system being in the marginal 

state. The system operates in the marginal state 

(alert state) when it has no difficulty but does 

not have sufficient margin to meet the 

specified deterministic criterion, that is 

withstand the loss of any single generating unit 

or branch. If the individual load is either equal 

to (emergency) or greater than (extreme 

emergency) the available capacity of the 

component, the system will enter the state of 

risk. 

The probability of risk P(R), also known 

as the loss of load probability (LOLP), is the 

probability of the system being in the risk 

state. In this state, the load exceeds the 

available generation. 

A system can enter at the risk state or 

marginal state from the healthy state due to the 

loss of certain operating capacity or due to a 

sizable increase in the system load. The 

probability of health, margin and risk are 

collectively known as the basic well being 

indices. From the basic probability theorem, 

 

 

The well-being indices can incorporate 

any specified deterministic criterion in a 

probabilistic framework that recognizes 

system stochastic behavior. System planners 

and operators who are more accustomed to a 

deterministic approach can easily interpret the 

well-being indices, which embed information 

on the accepted deterministic criterion. The 

concepts aim at giving more flexibility to 

system operators in selecting a meaningful 

reliability index for unit commitment and 

reliability evaluation.  

 4. Conclusion 

Reliability evaluation of power system is very 

much essential because it provides power 

system planners, designers, engineers and 

operators additional information about the 

systems to maintain the continuity of service. 

There are mainly two basic approaches for 

reliability evaluation, namely, deterministic 

and probabilistic approaches. Both of these 

have some limitations and they cannot display 

appropriate status of the system alone.  To 

alleviate those limitations, well-being 

approach comes, which is the combination of 

the previous two approaches. This new 

approach is defined by only three indices, 

known as well-being indices, which determine 

the system‟s state. This approach can easily be 

implemented on the reliability studies for 

power system expansion planning and design, 

unit commitment and unit maintenance 

scheduling. It will definitely overcome some 

of the concerns raised in the reliability studies 

and will form the basis of new reliability 

criteria. 
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I. Introduction 

The Subansiri Lower Dam, officially 

named Lower Subansiri Hydroelectric Power 

Project (LSHEP), is an under 

construction gravity dam on the Subansiri 

River in north-eastern India. It is located 

2.3 km (1.4 mi) upstream of Gerukamukh 

village in Lower Subansiri District on the 

border of Assam and Arunachal Pradesh states. 

Described as a run-of-the-river power station 

by NHPC Limited, the dam is expected to 

supply a 2,000 MW power station with water 

when completed. The project has experienced 

several problems during construction to 

include landslides, re-design and opposition. It 

is expected to be complete in 2014. It is 

notable that, if completed as planned, it will be 

the largest hydroelectric project in India. 

II. Design 

The concrete gravity dam is designed to be 

116 m (381 ft) tall, measured from the river 

bed and130 m (430 ft) from foundation. Its 

length will be 284 m (932 ft) and the dam will 

have a structural volume of 

2,250,000m
3
 (2,942,889 cu yd).The reservoir 

created by the dam will have a gross storage 

being 9.5 m (31 ft) in diameter and having 

length from 400–485 m (1,300– 1,591 ft). 

There will be eight horse shoe/ circular 

capacity of 1.37 km
3
 (1,110,677 acre·ft), of 

which .44 km
3
 (356,714 acre·ft) can be used 

for power generation or irrigation. At normal 

level, the reservoir's surface will cover 

33.5 km
2
 (13 sq mi). The surface powerhouse, 

located on the left bank, will contain eight 250 

MW Francis turbine generators.  

      There will be eight horse shoe shaped head 

race tunnels, each being 9.5 m (31 ft) in 

diameter and having a length from 608–1,168 

m (1,995–3,832 ft). There will be eight horses 

Shoe shaped surge tunnels, each 

shaped penstocks with varying diameters of 7–

9.5 m (23–31.2 ft) and lengths of168–190 m 

(551–620 ft). The tail race channel, which will 

transfer water discharged by the turbines back 

to the river, is 206 m (676 ft) wide and 35 m 

(115 ft long Construction of Subansiri Lower 

Dam involves many challenges. These 

 

 include land not being available when 

construction was scheduled to commence, a 

limited annual construction time because of 

monsoons (from  mid-April to mid-October), 

the need to handle high flood flows and poor 

rock conditions. The design of the dam has 

undergone drastic and repeated revisions that 

have affected the schedule and planning of the 

construction work. In December 2003 the 

contract to build the dam and its associated 

structures was awarded to a consortium of 

Boguchandgesstroy, Soyuzgidrosptsstry and 

Soma Enterprise Ltd. Due to difficulties 

acquiring land around the site, construction 

could not begin in earnest until 41 months 

after the contract was awarded. Unexpected 
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geological conditions at the dam site led to 

landslides and slower tunnel excavation. By 

April 2007, the river was successfully diverted 

and in April of the next year, the foundation 

was clear for construction. Before the 

foundation was fully prepared it was 

discovered that bedrock was reached 10 m 

(33 ft) soon than expected. This led to an 

alteration in the dam's design for stability. 

While the dam was being re-designed, 

concrete was placed over the foundation to 

protect it from the upcoming monsoon floods 

as the cofferdams stood a good of not 

protecting the foundation from the strong 

floods. The re-design was completed in 

October 2008 and soon after the foundation 

was once again cleared. In May 2009, work 

was suspended because of the monsoon season 

and re-commenced in November of that year. 

        As of November 2011, the dam reached 

an elevation of 138 m (453 ft), just below the 

spillway elevation of 145 m (476 ft). On 16 

December 2011, construction equipment was 

halted by protests. It is estimated that 

concreting work to reach the final elevation of 

210 m (690 ft) will be completed by February 

2014. Commissioning of the power station is 

still scheduled to begin earlier in December 

2012. 

III. Causes of anti-dam protest:  

Although the Subansiri Lower Dam Project is 

expected to supply a 2000 MW of power 

station of water when completed, but the 

project has experienced several problems 

during construction to include landslides, re-

design and opposition. The major drawbacks 

of the project are given below:  

       1. After completion of the project, both 

upstream and downstream flow of Subansiri 

River will be affected. 

       2. There will be ecosystem damage and 

loss of land. 

        3.  The reservoir of the Subansiri Project 

will submerge a 47 km (29 mi) length of the 

Subansiri River and destroy 37.5–40 square 

kilometers (14.5–15 sq mi) which 

includes Himalayan subtropical pine 

forests, Himalayan subtropical broadleaf 

forests, part of the Tale Valley Wildlife 

Sanctuary, an elephant corridor and 

some subsistence agriculture fields. 

4. According to the survey, many families will 

be affected.  For such reasons, there is protest 

against the Subansiri Lower Dam Project all 

over Assam. Organizations, including the 

Krishak Mukti Sangram Samiti (KMSS) led 

by RTI activist Akhil Gogoi, The All Assam 

Students Union and the Asom Jatiyabadi Yuba 

Chatra Parishad (AJYCP), and many other 

tribal organizations  have been demanding a 

halt to the ongoing construction of the 2000 

mega watt lower Subansiri hydro-electric 

project of the NHPC at Gerukamukh.  

       Discussions are going on between these 

organizations and the Government of India. 

The government has instituted an expert 

committee comprising of experts from IIT to 

study the downstream impact of the project. 

IV. Conclusion 

Although the Subansiri Lower Dam Project is 

expected to produce much electricity and help 

to develop the areas of Assam. There are lots 

of negative prospective of this project.There 

will be ecosystem damage, loss of land, affects 

many families and flood can occur in anytime 

of the year.  But by seeing the negative aspects 

and anti dam protest all over Assam we cannot 

conclude whether it is a boon or ban. The main 

point is it should be fruitful for people of 

Assam. We should not focus only upon the 

electrical development and energy sources of 

Assam but we should also think about the 

environment and the affects it has on the 

nature.  ■ 
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1. Introduction; 

We always in practice to reduce reactive 

power to improve system efficiency .This are 

acceptable at some level, if system is purely 

resistively or capacitance it make cause some 

problem in Electrical system. AC systems 

supply or consume two kind of power: real 

power and reactive power .Real power 

accomplishes useful work while reactive 

power supports the voltage that must be 

controlled for system reliability. Reactive 

power has a profound effect on the security of 

power systems because it affects voltages 

throughout the system. 

2. Need of Reactive Power:  

Voltage control in an electrical power system 

is important for proper operation for electrical 

power equipment to prevent damage such as 

overheating of generators and motors, to 

reduce transmission losses and to maintain the 

ability of the system to withstand and prevent 

voltage collapse.  

When reactive power supply lower voltage, as 

voltage drops current must increase to 

maintain power supplied, causing system to 

consume more reactive power and the voltage 

drops further . If the current increase too 

much, transmission lines go off line. 

If the voltage drops too low, some generators 

will disconnect automatically to protect 

themselves. Voltage collapse occurs when an 

increase in load or less generation or 

transmission facilities causes dropping  

voltage, which causes a further reduction in 

reactive power from capacitor and line 

charging, and still there further voltage 

reductions. If voltage reduction continues, 

these will cause additional elements to trip, 

leading further reduction in voltage and loss of 

the load. The result in these entire progressive 

and uncontrollable declines in voltage is that 

the system unable to provide the reactive 

power required supplying the reactive power 

demands. 

3. Importance of Presence of Reactive 

Power: 

Voltage control and reactive-power 

management are two aspects of a single 

activity that both supports reliability and 

facilitates commercial transactions across 

transmission networks. On an alternating-

current (AC) power system, voltage is 

controlled by managing production and 

absorption of reactive power. There are three 

reasons why it is necessary to manage reactive 

power and control voltage. First, both 

customer and power-system equipment are 

designed to operate within a range of voltages, 

usually within±5% of the nominal voltage. At 

low voltages, many types of equipment 

perform poorly. Second, reactive power 

consumes transmission and generation 

resources. To maximize the amount of real 

power that can be transferred across a 

congested transmission interface, reactive-

power flows must be minimized. Third, 

moving reactive power on the transmission 

system incurs real-power losses. Both capacity 

and energy must be supplied to replace these 

losses. Loads can also be both real and 
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reactive. The reactive portion of the load could 

be served from the transmission system. 

Reactive loads incur more voltage drop and 

reactive losses in the transmission system than 

do similar-size (MVA) real loads. 

4. Purpose of Reactive Power: 

Synchronous generators, SVC and various 

types of other DER (Distributed energy 

resource) equipment are used to maintain 

voltages throughout the transmission system. 

Injecting reactive power into the system raises 

voltages, and absorbing reactive power lowers 

voltages. Voltage-support requirements are a 

function of the locations and magnitudes of 

generator outputs and customer loads and of 

the configuration of the DER transmission 

system. System operation has three objectives 

when managing reactive power and voltages. 

First, it must maintain adequate voltages 

throughout the transmission and distribution 

system for both current and contingency 

conditions. Second, it seeks to minimize 

congestion of real-power flows. Third, it seeks 

to minimize real-power losses. 

5. What is Reactive Power? 

While active power is the energy supplied to 

run a motor, heat a home, or illuminate an 

electric light bulb, reactive power provides the 

important function of regulating voltage. If 

voltage on the system is not high enough, 

active power cannot be supplied. Reactive 

power is used to provide the voltage levels 

necessary for active power to do useful work. 

Reactive power is essential to move active 

power through the transmission and 

distribution system to the customer 

6. Why Do We Need Reactive Power 

Reactive power (VARS) is required to 

maintain the voltage to deliver active power 

(watts) through transmission lines. Motor 

loads and other loads require reactive power to 

convert the flow of electrons into useful work. 

When there is not enough reactive power, the 

voltage sags down and it is not possible to 

push the power demanded by loads through 

the lines.” 

7. Reactive Power is a Byproduct of 

Alternating Current (AC) Systems 

Transformers, transmission lines, and motors 

require reactive power Transformers and 

transmission lines introduce inductance as well 

as resistance 

1. Both oppose the flow of current 

2. Must raise the voltage higher to push 

the power through the inductance of 

the lines 

3. Unless capacitance is introduced to 

offset inductance 

The farther the transmission of power, the 

higher the voltage needs to be raised Electric 

motors need reactive power to produce 

magnetic fields for their operation. ■ 
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Improving energy efficiency and conservation 

are essential to achieving environmental 

sustainability. They are simplest way to reduce 

greenhouse gas emissions and forms of air 

pollution and a good energy management 

starts with an energy audit. Plus with the ever 

increasing demand of the society, a lot of 

emphasis is given on energy sectors. The 

energy requirement has been so high that the 

conventional sources of energy, the fossil fuel 

have started to become inadequate now and 

thus we can envisage a future deprived of 

energy. So to make our future impeccably 

better it is necessary to conserve energy so that 

our future generation can avail it like we are 

doing today. 

This could be done with a proper energy audit 

as it helps us to identify the lapses in energy 

uses, it also helps to identify the area to 

improve the energy usage, along with the level 

of consumption of the energy resources and 

also recommends policies regarding measures 

to be undertaken in order to enhance energy 

saving for a better future. 

Again with modernization various industries 

have grown up increasing the consumption of 

energy. This industries should consider 

conserving energy and thus should not 

relinquish the chance to conduct energy audit 

as it provides how where and how much 

energy is used within the industry with the 

help of proper methods and equipments, 

followed by effective and improved measures 

to limit the energy wastage. Removing or  

 

reducing the wastage also decreases the cost of 

the facility‟s energy utility.  

Consequently energy audit has become a very 

important and a necessary part for 

conservation of energy. Energy audit is being 

performed in every industry, small or big, now 

a days and is being carried out everywhere 

possible to conserve energy. Thus it can be 

defined as “a detailed examination of a 

facility‟s energy uses and cost that generated 

recommendation to reduce those uses and 

costs by implementing equipment and 

operational changes”. 

In other words energy audit is defined as “a 

systematic procedure that 

1. Obtains an adequate knowledge of the 

existing consumption profile of the site 

2. Identifies the factors that have an effect on 

the energy consumption  

3. Identifies and scales the cost effective 

energy saving opportunities. 

Thus in today‟s world energy audit plays a 

very vital role in energy conservation which is 

the key input for better quality of life and 

economic growth. ■ 
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1. Defining Green 

There are many definitions of what a green 

building is or does. Definitions may range 

from a building that is “not as bad” as the 

average building in terms of its impact on the 

environment or one that is “notably better” 

than the average building, to one that may 

even represent a regenerative process where 

there is actually an improvement and 

restoration of the site and its surrounding 

environment. The ideal “green” project 

preserves and restores habitat that is vital for 

sustaining life and becomes a net producer and 

exporter of resources, materials, energy and 

water rather than being a net consumer. A 

green building is one whose construction and 

lifetime of operation assure the healthiest 

possible environment while representing the 

most efficient and least disruptive use of land, 

water, energy and resources. The optimum 

design solution is one that effectively emulates 

all of the natural systems and conditions of the 

pre-developed site – after development is 

complete while many green materials and 

technologies do cost more, it has been 

demonstrated that many green strategies and 

technologies actually cost the same and some 

even cost less than traditional “not-so-green” 

technologies. By blending the right mix of 

green technologies that cost less with green 

technologies that cost the same or slightly 

more, it is possible to have a very green 

building project that costs the same as a 

conventional one. Often the key to a cost 

effective green building and site design lies 

within the interrelationships and associated 

cost and performance trade-offs that exist 

between different building systems. For 

example, the use of high performance 

windows and window frames increases the 

first cost of the building envelope, however 

the resulting reduction in the size and cost of 

the buildings heating and cooling system more 

than offsets the added cost of the better glazing 

system. The result is a building that has a 

comparable or perhaps even a lower first cost, 

a higher comfort level, lower energy use, and 

lower energy bills and operating cost for the 

life of the building. The Commonwealth of 

Pennsylvania Department of Environmental 

Protection (PA/DEP) recently completed two 

green buildings – the DEP South Central 

Regional Office Building in Harrisburg, PA, 

(USGBC LEED Bronze certified) and the DEP 

Southwestern Regional Mining Office in 

Cambria, PA, (USGBC LEED Gold certified), 

that are living examples of cost effective green 

building projects. 

2. Decision Build Green 

It is critical to make the decision to build a 

green building early in the design process in 

order to maximize the green potential, 

minimize redesign, and assure the overall 

success and economic viability of the green 

elements of the building project. Making a 

commitment to build green and establishing 

firm environmental objectives for the project 

must be done as early as possible because 

opportunities for incorporating green 

technologies and design solutions become less 

and less available and increasingly costly to 

implement as the project design and 

construction process progresses. Ideally, the 

decision to build green should be made before 

the site is selected, as many of the green 

criteria are affected by site characteristics and 

some sites are inappropriate for certain green 
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projects. 

3. What Is A Green Building? 

Once the decision to build green has been 

made, one of the first steps in the green design 

process is to establish firm environmental 

goals for the project. This is often done during 

what is called a goal setting or targeting 

session. During this session, it is important to 

set specific measurable goals for things like 

energy efficiency, water conservation, on-site 

treatment of rain water and storm water, 

material and resource management, 

construction waste management, and to assign 

responsibility for meeting these goals to 

specific members of the design team. Each 

goal needs a champion who will see that 

objective through to the end. If the building is 

to be built in accordance with the United 

States Green Building Council (USGBC) 

Leadership in Energy and Environmental 

Design (LEED) green building rating system, 

it will be helpful to review the requirements of 

LEED as part of the green project goal setting 

session, begin targeting which elements of 

LEED are going to be pursued, and establish 

firm criteria for meeting those goals. 

Hiring a design team with prior green design 

experience is highly desirable, but not 

essential provided that the design team is 

augmented with architects or engineering 

consultants who do have experience in green 

building and site design principles and 

technologies. The collective knowledge, 

experience, and dedication of the design team 

will determine the overall success of the green 

project. All members of the green team should 

participate in the project goal setting session. 

Once the goal setting process has been 

completed it may become obvious that 

meeting certain goals may require expertise 

that lies outside the current design team. 

Specialized consultants may need to be 

engaged for specific elements of the design 

and construction process or to oversee all 

elements of the green design program. These 

specialists will be able to bring new ideas and 

solutions to the table for consideration and 

should be included in the project as early as 

possible. 

4. Sustainable Site Design 

Minimize urban sprawl and needless 

destruction of valuable land, habitat and green 

space, which results from inefficient low-

density development. Encourage higher 

density urban development, urban re-

development and urban renewal, and brown 

field development as a means to preserve 

valuable green space. Preserve key 

environmental assets through careful 

examination of each site. Engage in a design 

and construction process that minimizes site 

disturbance and which values, preserves and 

actually restores or regenerates valuable 

habitat, green space and associated eco-

systems that are vital to sustaining life. 

5. Key Strategies and Technologies 

 

 Make more efficient use of space in 

existing occupied buildings, renovate and 

re-use existing vacant buildings, sites, and 

associated infrastructure and consider re-

development of brown field sites. Design 

buildings and renovations to maximize 

future flexibility and reuse thereby 

expanding useful life. 

 When new development is unavoidable, 

steer clear of sites that play a key role in 

the local or regional ecosystem. Identify 

and protect valuable green field and 

wetland sites from development.  

 Recognize that allowing higher density 

development in urban areas helps to 

preserve green space and reduce urban 

sprawl. Invest time and energy in seeking 

variances and regulatory reform where 

needed. ■ 
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1. Introduction 

Power system stability is the ability of an 

electric power system, for a given initial 

operating condition to regain a state of 

operating equilibrium after being subjected to 

physical disturbance, with most system 

variables bounded so that practically the entire 

system remains intact. The studies are needed 

in determining the relaying system needed, 

critical fault clearing time of circuit breaker, 

critical clearing angle, auto reclosing time tcr, 

voltage level and transfer capability between 

system. When the power system loss stability, 

the machines will lose synchronization and it 

will no longer working at synchronous speed. 

This will lead to power, voltage and current to 

oscillate drastically. It can cause damage to the 

loads which receive electric supply from the 

instable system.  

2. Theory Related to Project 

Transient State Stability is the ability of the 

power system to maintain in stability after 

large, major and sudden disturbances.  

Types of disturbances:  

i) Sudden application of load/sudden 

load changing. 

ii) Loss of generation. 

iii)  Fault on the system  

 

3. Static VAR Compensator  

By providing dynamic reactive power, svc can 

be used for the purpose of regulating the  

 

 

 

system voltage, compensating the voltage at 

reasonable level, improving the capacity of the 

transmission line. From the operational point 

of view, the SVC adjusts its value 

automatically in response to changes in the 

operating conditions of the network. By 

suitable control of its equivalent reactance, it 

is possible to regulate the voltage magnitude at 

the SVC point of connection, thus enhancing 

significantly the performance of the power 

system. In its simplest form, SVC consists of a 

TCR in parallel with a bank of capacitors. 

 

 
Fig 1. SVC connected to a transmission line. 

 

4. Modeling of SVC  

To show the stability improvement by SVC in 

a two area power system, a model of two area 

system is designed in MATLAB as shown in 

Figure 3.. In this model a 1000 MW power 

plant-1 is connected with another 5000 MW 

power plant-2 through a long 500 kV, 700 km 

transmission line. Both the plants are 

supplying the power to loads connected. Here 

two different loads are connected at bus B1 

and B3 of the system . A stop block is used to 

stop the simulation. 
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Fig 2: Simulink Model  

5. Simulation Results Without Using SVC 

 
FIG 4:- A single Line to Ground fault occurs at B1. 

6. Simulation  Result  Using  SVC 

 
FIG 5:- Voltage at each bus bar and the line 

power of the system 

 

7. Result Analysis 

The performance of the proposed power 

system with SVC has been summarized in the 

table-I. In table-I, α (infinite time) means the 

system is unstable, SVC rating in MVA. The 

network is simulated in two steps; without 

SVC and with SVC. 

 
 

 

8. Conclusion 

In this project a two area power system with 

various loads connected at different buses in 

different cases is studied by making a 

Simulink model in MATLAB. In this study, 

the effectiveness of shunt FACTS devices such 

as SVC has been studied in improving the 

system stability of a two-area power system 

with different loads. The simulation results 

shown here show the effective working of SVC. 

Hence by properly modeling these controllers, it 

would be interesting to determine any other 

possible advantage of these controllers in 

power system stability studies. ■ 
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Electricity production through microbial cells- 

doesn‟t it sound interesting? Well, it is an 

interesting concept which was first conceived 

in the early twentieth century. M. Potter was 

the first one to perform work on the subject in 

1911. Let us first know what is Microbial Fuel 

Cell and later we will have a brief analysis of 

its working principle and applications. 

Definition: A microbial fuel cell is a device 

that converts chemical energy into electrical 

energy by catalytic reaction of micro-

organisms. A typical microbial fuel cell 

consists of anode and cathode compartments 

separated by a cation specific membrane. In 

anode compartment, fuel is oxidized by micro-

organisms, generating CO2, electrons and 

protons. Electrons are transferred to the 

cathode compartment through an external 

circuit while the protons are transferred to the 

cathode compartment through the membrane. 

Electrons and protons are consumed in the 

cathode compartment, and the combine with 

oxygen to form water. 

How a microbial fuel cell works? 

A microbial fuel cell requires: 

 Bacteria such as those present in waste 

water or manure 

 Two electrodes 

 A conducting wire with resistor 

When micro-organisms consume a substance 

such as sugar in aerobic conditions, they 

produce C02 and H20. However when 02 is not  

 

 

present they produce CO2, protons and 

electrons as described below- 

C12H22011+13H2012CO2+48H++48e- 

MFC use inorganic mediators to tap into the 

electron transport chain of cells and channel 

electrons produced. The mediator crosses the 

outer cell lipid membrane and bacterial outer 

membrane. Then it begins to liberate electrons 

from the electrons transport chain that 

normally would be taken up by oxygen or 

other intermediates. 

In a MFC operation, the anode is the terminal 

electron acceptor recognized by bacteria in 

anodic chamber. Therefore the microbial 

activity is strongly dependent on the redox 

potential of the anode. 

Applications: 

They have wide range of applications in 

various sectors but it depends how we harness 

this energy from the fuel cell. 

1. Power generation: 

MFC have a number of potential uses-the most 

readily apparent harvesting electricity 

produced for use as a power source. Bacteria 

would consume waste material from water and 

produce supplementary power for the plant. 

Chemical processing wastewater and 

designed synthetic wastewater have been 

used to produce bioelectricity. 
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2. Biosensor:  

Since the current generated from the microbial 

fuel cell is directly proportional to the energy 

content of wastewater used as the fuel, an 

MFCcan be used to measure the solute 

concentration of wastewater. 

3. Education:  

Soil based microbial fuel cells are popular 

education tools as they employ a range of 

scientific disciplines and can be made using 

commonly available materials such as soil and 

items from refrigerator. There are also kits 

available for classroom and research purpose. 

4. Commercial application: 

A number of companies have emerged to 

commercialize microbial fuel cell. These 

companies have attempted to top into both the 

remediation and electricity generating aspects 

of the technologies. 

MFCs are useful and in addition to wind and 

solar energy, the-so called biofuels are 

increasing commonly. ■  
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1.  Introduction 

 

One of the major issue in power system is the 

losses occurs during the transmission and 

distribution of electrical power. As the demand 

increases day by day, the power generation 

increases and the power loss is also increased. 

The major amount of power loss occurs during 

transmission and distribution. The percentage 

of loss of power during transmission and 

distribution is approximated as 26%.The main 

reason for power loss during transmission and 

distribution is the resistance of wires used for 

grid. The efficiency of power transmission can 

be improved to certain level by using high 

strength composite over head conductors and 

underground cables that use high temperature 

super conductor. But, the transmission is still 

inefficient. According to the World Resources 

Institute (WRI), India‟s electricity grid has the 

highest transmission and distribution losses in 

the world – a whopping 27%.This is attributed 

to technical losses (grid‟s inefficiencies) and 

theft. Any problem can be solved by state of 

the art technology. The above discussed 

problem can be solved by choose an 

alternative option for power transmission 

which could provide much higher efficiency, 

low transmission cost and avoid power theft. 

Microwave Power Transmission is one of the 

promising technologies and may be the 

righteous alternative for efficient power 

transmission. 

 

2. Wireless Power Transmission 

 

Nikola Tesla he is who invented radio and 

shown us he is indeed the “Father of 

Wireless”. Nikola Tesla is the one who first 

conceived the idea Wireless Power 

Transmission and demonstrated “the 

transmission of electrical energy without 

wires" that depends upon electrical 

conductivity as early as 1891. In 1893, Tesla 

demonstrated the illumination of vacuum 

bulbs without using wires for power 

transmission at the World Columbian 

Exposition in Chicago. The Wardenclyffe 

tower was designed and constructed by Tesla 

mainly for wireless transmission of electrical 

power rather than telegraphy. In 1904, an 

airship ship motor of 0.1 horsepower is driven 

by transmitting power through space from a 

distance of least 100 feet .Experiments in 

power transmission without wires in the range 

of tens of kilowatts have been performed at 

Goldstone in California in and at Grand Bassin 

on Reunion Island in 1997. Similarly, the 

world‟s first fuel free airplane powered by 

microwave energy from ground was reported 

in 1987 at Canada. This system is called 

SHARP (Stationary High – Altitude Relay 

Platform)  

 

2.2 Wireless Power Transmission System 

William C. Brown, the pioneer in wireless 

power transmission technology, has designed, 

developed a unit and demonstrated to show 

how power can be transferred through free 

space by microwaves. In the transmission side, 

the microwave power source generates 

microwave power and the output power is 

controlled by electronic control circuits. The 

wave guide ferrite circulator which protects 

the microwave source from reflected power is 

connected with the microwave power source 

through the Coax – Waveguide Adaptor. The 

tuner matches the impedance between the 
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transmitting antenna and the microwave 

source. The attenuated signals will be then 

separated based on the direction of signal 

propagation by Directional Coupler. The 

transmitting antenna radiates the power 

uniformly through free space to the rectenna. 

In the receiving side, a rectenna receives the 

transmitted power and converts the microwave 

power into DC power. The impedance 

matching circuit and filter is provided to 

setting the output impedance of a signal source 

equal to the rectifying circuit. The rectifying 

circuit consists of Schottky barrier diodes 

converts the received microwave power into 

DC power. 

 

2.3.1Microwave Generator 

The microwave transmitting devices are 

classified as Microwave Vacuum Tubes 

(magnetron, klystron, Travelling Wave Tube 

(TWT), and Microwave Power Module 

(MPM)) and Semiconductor Microwave 

transmitters (GaAs MESFET, GaN pHEMT,  

SiC MESFET, AlGaN/GaN HFET, and 

InGaAS). Magnetron is widely used for 

experimentation of WPT. The microwave 

transmission often uses 2.45GHz or 5.8GHz of 

ISM band. The other choices of frequencies 

are 8.5 GHz [13], 10 GHz  and 35 GHz .The 

highest efficiency over 90% is achieved at 

2.45 GHz among all the frequencies . 

 

2.3.2 Transmitting Antenna 

The slotted wave guide antenna, microstrip 

patch antenna, and parabolic dish antenna are 

the most popular type of transmitting antenna. 

The slotted waveguide antenna is ideal for 

power transmission because of its high 

aperture efficiency (> 95%) and high power 

handling capability. 

 

2.3.3 Rectenna 

The concept, the name „rectenna‟ and the 

rectenna was conceived by W.C. Brown of 

Raytheon Company in the early of 1960s . The 

rectenna is a passive element consists of 

antenna, rectifying circuit with a low pass 

filter between the antenna and rectifying 

diode. The antenna used in rectenna may be 

dipole, microstrip or parabolic dish antenna. 

The patch dipole antenna achieved the highest 

efficiency among the all. The performance of 

various printed rectenna is shown in Table I. 

Schottky barrier diodes (GaAs-W, Si, and 

GaAs) are usually used in the rectifying circuit 

due to the faster reverse recovery time and 

much lower forward voltage drop and good RF 

characteristics. The rectenna efficiency for 

various diodes at different frequency is shown 

in Table II. 

 

3. Advantages of WPT 

 

Wireless Power Transmission system would 

completely eliminates the existing high-

tension power transmission line cables, towers 

and sub stations between the generating station 

and consumers and facilitates the 

interconnection of electrical generation plants 

on a global scale. It has more freedom of 

choice of both receiver and transmitters. Even 

mobile transmitters and receivers can be 

chosen for the WPT system. The cost of 

transmission and distribution become less and 

the cost of electrical energy for the consumer 

also would be reduced. The power could be 

transmitted to the places where the wired 

transmission is not possible. Loss of 

transmission is negligible level in the Wireless 

Power Transmission; therefore, the efficiency 

of this method is very much higher than the 

wired transmission. Power is available at the 

rectenna as long as the WPT is operating. The 

power failure due to short circuit and fault on 

cables would never exist in the transmission 

and power theft would be not possible at all. 

 

4. Applications of WPT 

Generating power by placing satellites with 
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giant solar arrays in Geosynchronous Earth 

Orbit and transmitting the power as 

microwaves to the earth known as Solar Power 

Satellites (SPS) is the largest application of 

WPT. Another application of WPT is moving 

targets such as fuel free airplanes, fuel free 

electric vehicles, moving robots and fuel free 

rockets. The other applications of WPT are 

Ubiquitous Power Source (or) Wireless Power 

Source, Wireless sensors and RF Power 

Adaptive 

 

5. Conclusion 

The technological developments in Wireless 

Power Transmission (WPT), the advantages, 

disadvantages, biological impacts and 

applications of WPT are also discussed. This 

concept offers greater possibilities for 

transmitting power with negligible losses and 

ease of transmission than any invention or 

discovery heretofore made. Dr. Neville of 

NASA states  

 

“You don’t need cables, pipes, or copper 

wires to receive power. We can send it to you 

like a cell phone call – where you want it, 

when you want it, in real time”.  

 

We can expect with certitude that in next few 

years‟ wonders will be wrought by its 

applications if all the conditions are 

favourable. ■ 

 

 

 

 

 

 

 



 


