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CHAPTER- I
INTRODUCTION

1.1
INTRODUCTION
Generation of energy is becoming expensive. Energy saved is energy produced. It is imperative to conserve energy wherever scope exists. In a developing country like India the need for energy saving is important in view of our limited energy resources and the increasing gap between demand and supply. India currently faces a peak power capacity shortage of about 13% and 10% of the electricity demand is left un served India’s energy intensity per unit of GDP us higher compared to Japan, USA and Asia as whole by 3.5, 1.7 and 1.5 times respectively. This indicates inefficient use of energy but also substantial scope of energy saving. The industrial sector in India is major energy user accounting for about 48% of commercial energy consumption. In the commercial sector there is a vast scope for energy efficiency improvement in buildings. Energy conservation does not mean that shutting down the energy supply blindly. It is a systematic approach to maintain the productivity with optimal energy consumption. Industries should strive for energy conservation as the cost of production is spiralling upwards. Chronic power shortages resulted in low voltage supply, involuntary load shedding and installation of captive generation by consumers.  With the soaring cost of energy, every industry is paying heavily for its energy bills, energy cost is becoming a predominant component of the product cost. Energy Management is going to play a vital role in industry as well as Demand side management.
Secondly, the economic development of a country is often closely linked to its consumption of energy. Although India ranks sixth in the world so far as the energy consumption is concerned, it still needs much more energy to keep pace with its development objectives. India’s projected economic growth is slated at 7.4% in the period 1997-2012.  This would necessitate commensurate growth in the requirement of commercial energy, most of which is expected to be from fossil  fuels  and electricity.  India’s proven coal reserves  may last for more than 200 years, but the limited known oil and natural gas reserves may last only  18 to 26 years respectively, which is a cause of concern. The continued trend of increased share of petroleum fuels in the consumption of commercial energy will lead to more dependence on imports and energy security.

India’s energy intensity per unit  of GDP is higher compared to Japan, USA and  Asia as a whole by 3.7, 1.55 and 1.47 times respectively.  This indicates inefficient use of energy but also substantial scope of energy savings.  The increasing Global trade liberalization and growing global competition have made productivity improvement, including energy cost reduction, an important benchmark for economic success.
It has been observed that the Energy conservation is a continuous process, which has to be attempted tenaciously. But what are the tools available to realise these goals? Tremendous strides have been made for development in process control technology ranging from simple measurements to simple controls and to sophisticated Direct Digital Controls. User-friendly technologies like touch screens and monitor mimic diagrams are very much prevalent. Supports like this are available only for production departments. But the equipments readily available for energy management are very few. A sincere attempt has not been made so far to utilize the latest technologies for the development of Energy Management System and to test it at a substation level.
Keeping this objective in view, we have looked back into identify the factors responsible for this inefficiency, the effects and the need for monitoring the health and quality of power supply at the input level,  through  Power of Substation Monitoring i.e the Integrated Substation Control and Equipment Monitoring and Diagnostics was felt.

1.2 ENERGY MONITORING SYSTEM
Different establishments have different pattern of energy expenditure and thus would require different energy monitoring strategies. Major energy consumption equipment such as boilers, furnaces, compressors, humidification plants etc. in industries, HVAC and lighting in commercial and official establishments have to be identified for energy measurement at the individual equipment level. Places like workshops, where a number of machineries can be grouped for measurement at a single point also have to be identified. There may be need to measure different forms of energy also. Hence what to measure, where to measure and how to measure forms an important part of energy management program.

As applied to substation monitoring, any monitoring should have the following desirable features :-
i) The system should be Economical having solution with powerful features.

ii) The system should be based on latest developments in Hardware and Software.
iii) It should offer Inter-Operability features.
iv) It should have  In-built intelligence.
v) It must offer three phase comprehensive energy metering , which may provide  electrical parameters on a single Node Concept.
vi) The system must provide flexible physical parameter monitoring.
vii) It must provide Status Monitoring and Control Outputs on a single node.
viii) It should offer more user friendly Geographic User Interface (GUI) Software for monitoring and reporting.
ix) It must record and report the abnormality in the system for fault analysis.

In order to provide a reliable, good quality power to the users, the substation should be completely monitored and controlled. Since the technology is improving at a  faster rate, the techniques for substation automation should also be improved. Some of the techniques that are available for substation monitoring and control are the SCADA (Supervisory Control And Data Acquisition) System.  But this system has its own disadvantages. These disadvantages can be overcome by use of a distributed flat network concept called Node Technology, which is the proposed work in this dissertation. This will eliminate some of the drawbacks of  SCADA system with respect to the substation monitoring and it will provide some controls and  obtain detailed reports of electrical consumption at feeder level at the sub-station.  The system configuration having  nodes & personal computer provides  an excellent  flexibility in this system.
1.3
COMPONENTS OF ENERGY MONITORING SYSTEM

In  order  to  accomplish the task of monitoring /automation  of  the sub-station, one  has to  adopt a combination of three types of nodes, i.e.  the Energy Node Plus, Physical Node  and I/O Node  with user Interface Software for integration and operation of the  system.  These core components have the following key  features :- 
1.3.1
Features of Energy Node Plus 

The Energy Node Plus has the following  inbuilt features :
i) It  fulfill the class 1 accuracy

ii) It is compact, economical and self powered.

iii) It measures simultaneous active, reactive and apparent power and energy.

iv) It measures Phase voltage, current, power factor, active power, reactive power and apparent power.

v) Real energy (imported/exported), reactive energies

vi) Provides frequency status information of the feeder/load

vii) Single and poly phase operation

viii) Error correction through  gains and phase calibration
ix) Interfacing to PC via RS- 485 

x) Two different reset : Node reset and meter reset

xi) Node configuration through PC
xii) Optional local LCD display.

1.3.2
Features of Physical Node 

The Physical Node has the following  inbuilt features:
i) Provides 8-channels in single node through mux concept

ii) Accept either 4-20mA or 0-5V as the input signal, hence more flexible

iii) Node configuration through PC

iv) Node can be interfaced to PC  via  RS-485

1.3.3
Features of I/O Node

The I/O Node has the following inbuilt features:

i) 24 I/O lines, configurable through PC at any time

ii) Input & output to /from the node is 24 V DC
iii) Node can be interfaced to PC via RS-485

iv) Input lines are used for status monitoring.

v) Output lines are used for demand control,  power factor control and terminal voltage control.

1.3.4
USER Interface Software  


The user interface software has the following features:

i) Monitoring on the display

ii) Logging or  recording

iii) Alarm & Annunciation in the event of faults or abnormality (over/under voltage, current, power factor, frequency, KVA demand and physical parameters limits)

iv) Report Generation (daily, weekly, & yearly energy reports, abnormality reports etc.)

v) Configuration of Nodes.
1.4
RECENT DEVELOPMENTS IN ENERGY MONITORING  SYSTEM

The evolution of power measurement instrumentation has given rise to lower cost multifunction instruments capable of simultaneously measuring power quality, harmonics and energy consumption.
The Industrial Networks such as  the Eight Open Networks with Industrial Ethernet like Profi-bus, CAN,  Device-Net,  CAN-open, Inter-bus, AS-interface, Control-Net, Foundation Field-bus   and several application layer protocols like Mod-bus/TCP, Ethernet/IP, Foundation Field bus HSE, Profi-Net plus field bus technology have changed the industrial applications dramatically.  Silicon and Software now make it possible to put network capability on a chip small enough to drop into a Sensor.
A significant trend is the marriage of personnel computers with instrumentation leading to increased automation in the collection of Data .  The latest generation of power monitors,  for example store recorded data on an internal 540 Megabyte disk drive, in a Windows environment, allow users to manipulate and use the recorded data  more efficiently. These advances have resulted in development of low cost power monitoring technology which  measures power disturbances, power consumption, harmonics and flicker in a single instrument.
Because of the above reasons, these instruments combine both instrument and personal computer technology and are lower in cost than older technology monitors.  These instruments have on board  PC Computer chips and large memory capacities; they posses 4 MB RAM and 540 MB hard disk drive.  Digital signal processing technology  can calculate the harmonics, power parameters, and RMS quantities on every cycle.  Recorded data is saved  in database and downloaded to a personal computer for display of events and long term  summaries. They can be constructed in small, lightweight and rugged packages.  They can be used as either portable troubleshooting tools, or they may be permanently installed for continuous monitoring of facilities or utility feeders.

In combination with the new  measurement technology, several advances have been made in the software to analyze,  captured information by displaying events against power tolerance curves.  Software have been developed to automatically  sort the data in power survey database and compile a written report. Other soft-wares have been developed to communicate with multiple instruments on  Ethernet networks, intranet and even the Internet or via modem and poll them automatically.  These soft-wares also provide the ability to initiate alarms when an event has been recorded and to automate the data collection from a large number of monitors.  These advances have made it possible for utilities  as well as commercial and industrial customers, to continuously  monitor  their infrastructure and provide complete information on all aspects of the power situation, with immediate notification of power disturbances.

An important aspect of the new technology is the ability to capture all aspects of power in great deal. This ability is termed as  “full disclosure” .  Full disclosure technology also eliminates the need for the user to program thresholds or triggers, and automatically captures significant events and  manages the monitors memory with adaptive thresholds.  Since all of the power conditions can be recorded as and saved with a full disclosure approach, it is possible to compare present power survey data with historical data to determine, if conditions of the entire power situation and provide the basis for comparison on a monthly basis to high light trends in the power consumption, harmonics, and power quality activity.  Predictive maintenance programs can be set up to monitor on a continuous basis at critical locations on utility or industrial infrastructures to catch incipient faults before they cause the distribution system or the operation of a data centre to fail.
1.5
AIM OF THE DISSERTATION 
The use of energy monitoring and control system in industries has started gaining popularity in the recent past because of various advances in industrial network technologies. The existing systems for monitoring and control of sub-stations are based on  SCADA  (supervisory control and data acquisition) concept.  These systems use  a concentrated data collection network technique, in which each measurements of the substation are concentrated  at one point called DAS (Data Acquisition System) and then  communicated to the central computer  or to the remote system for further analysis. Some of the disadvantages of the existing systems  are :- 
i) The cost  of the systems are  not   economical for the smaller/medium sub-stations.
ii) Any modifications on the system requires a special care and makes the system more complex in nature.
iii) Any malfunction in the DAS causes the entire measuring system redundant/ dead.
iv) The design fabrication of SCADA system is not flexible for adaptive change.
Since the industrial network  technology is becoming an emerging field in the Information Technology (IT) sector and penetrating at a faster rate into the Measurements and instrumentation fields too,  therefore,  an  attempt has been made to develop  such a system  using the Node Concept, which can eliminate some of the drawbacks of the SCADA  SYSTEM.
The present work is,  an attempt to study the  design and development of  an energy monitoring system and its implementation in  a sub-station which is based upon distributed flat network concept  called Node Concept utilizing various advances in the field of microcontrollers and software. Some of the advantages of the new system are :-
i) It provides a post mortem on disruptive power disturbance  incidents
ii) It monitors Harmonics level to prevent premature failure of conductors
iii) Tracks the power consumption & RMS values for future plans for augmentation and expansion etc.
iv) Archives a complete audit of all aspects of power in detail.
v) Key personnel can be alerted in the event of power interruptions.

1.6
ORGANIZATION OF THE DISSERTATION
The  dissertation  has been organized in the following manner.  The Chapter -II  is devoted to study the energy monitoring system. In this chapter the conventional energy monitoring  system and the existing techniques have been discussed.  The existing system does not give the desired performance and the edge over the new technologies. The existing system i.e. SCADA  concept,   though is useful,  but has some disadvantages too. These disadvantages will taken care of in the proposed system. In this chapter, the various core components  and the design aspects of  the substation monitoring and control system will  be studied in detail  including  measurement of various variables present in the substation and the ultimate conceptualization of the system to be built around a field-bus network technology.  
In the Chapter III, the programming, fabrication,  implementation, integration and testing  of the substation monitoring and control system  will be discussed.  The system which will be built around the field-bus Node concept,  i.e  the Energy Node Plus which is based on the ATMEL Two Chip Solution and  the  Physical Node,  I/O Node   and  System Software/User Interface Software  which will finally integrate  the system  into complete package for its application and operation at the substation level will be discussed. The firmware will be customized for a typical 500 KVA/11 KV substation equipped with two transformers  of the capacity of 250 KVA. The Substation Monitoring System User Interface will be made user friendly and will be tested at the substation. 
The Conclusion of the dissertation is made in Chapter IV. This also discusses the scope for further work to be carried out in this field.
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