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Abstract
Modernization of power system grids plays a vital role in 
improving efficiency of power system network. This involves 
three stages smart generation, smart metering, and smart grid. 
This paper focuses on the modernization of grid known as smart 
grid. The modernization of grid can improve the quality, efficiency 
and reliability of existing transmitted electric power. For better 
implementation smart grid can be decomposed in to several 
smaller smart grids called Micro smart grids. These are also 
called local grids. There are four major components in MSG which 
are demand side management (DSM), Quality and Reliability 
(QR), Fault management (FM) and Security Management(SM). 
This paper focuses mainly on current advancements and 
technologies used in DSM for smart grid .There are number of 
DSM technologies in domestic, commercial and Industrial side. 
Our paper deals about Power factor correction, cogeneration, 
high efficiency motors and variable speed drives which are all 
the main alternate technologies in DSM. 

Keywords
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I. Introduction
Now-a-days the increasing power demand necessitates to 
supply electricity more efficiently and reliably. This can be met 
by reducing the losses through the generation, transmission 
and distribution networks and increasing the transmission 
capacity. Demand has risen sharply and become more 
variable in recent decades adding significant stress to the grid. 
Alternative renewable energy sources, including wind and solar, 
are being integrated into the power grid but their distributed 
and intermittent nature make them difficult to control. The 
existing power system is aging and under stress, resulting in 
compromised reliability and power quality. With the existing 
grid control mechanisms and the ongoing developments, the 
probability of the existing power grid to survive failures or 
attacks degrades significantly, emphasizing the need for new 
tools for power grid analysis [1-3].
DSM [5] refers to cooperative activities between the utility and 
its customers (sometimes with the assistance of third parties 
such as energy services companies and various trade allies) 
to implement options for increasing the efficiency of energy 
utilization, with resulting  benefits to the customer, utility, and 
society as a whole.
The implementation of DSM programs is likely to:
• Improve the efficiency of energy systems – through improved 
generation efficiency and system load factor
• Reduce financial needs to build new energy facilities 
(generation) – through deferral of capital expenditure resulting 
from peak demand reduction through DSM
• Minimize adverse environmental impacts – reduction of GHG 
emissions through efficient generation and minimizing thermal 
generation.

• Lower the cost of delivered energy to consumers – lower 
generation costs and lower customer bills through the use of 
energy efficient equipment and appliances.
• Reduce power shortages and power cuts – improved system 
reliability though decrease in demand.
• Improve the reliability and quality of power supply – through 
demand reduction in distribution systems
• Contribute to local economic development – increased 
employment through reallocation of capital to other development 
projects

The base technology generally refers to the standard or most 
commonly used technology within the geographical boundaries 
of a utility. In other words base technology is the present 
technological status of the end use being targeted for DSM. 
In contrast the alternative technology is the candidate efficient 
technology intended to replace base technology in order to 
achieve DSM objectives. There can be a number of alternative 
technologies which can replace base technology [4].

II. Power Factor Correction
Electric loads are becoming increasingly non-linear in the 
industrial, tertiary and even household sectors. These loads 
absorb non-sinusoidal currents which, under the effect of circuit 
impedance, distort the purely sinusoidal voltage waveform. 
This is what is known as harmonic disturbance of power 
networks, currently a cause for concern as it gives rise to 
serious problems. 
Some of the traditional solutions for reducing these non-
sinusoidal currents and thereby improving the power factor    are 
1. Reducing harmonic currents of non linear loads 2. Lowering 
harmonic impedance of the source 3. Carefully choosing the 
installation structure  4. Harmonic isolation   5. Using detuning 
reactors  6. Passive harmonic filters.

1. Reducing harmonic currents of non linear loads .
The harmonic currents of some converters can be limited by 
inserting a “smoothing” reactor between their connection 
point and their input. This solution is particularly employed 
with rectifiers with front end capacitors: the reactor may even 
be proposed as an option.

2. Lowering harmonic impedance of the source   
Lowering harmonic impedance of the source consists of 
connecting the disturbing equipment directly to the most 
powerful transformer possible, or of choosing a generator with 
a low harmonic impedance Fig. 1.

Implementation Strategies in Demand Side Management 
Technology in Smart Grid

1T.Shanthi, 2D.Rajalakshmi
1,2Dept. of EEE, Kumaraguru College of Technology, Coimbatore, India



 InternatIonal Journal of electronIcs & communIcatIon technology 97

IJECT Vol. 2, IssuE 3, sEpT. 2011ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

Fig. 1: Generator with low harmonic impedance

III. Carefully choosing the installation structure 
Sensitive loads should not be parallel-connected with non-
linear loads (see Fig. 2). Very powerful non-linear loads should 
preferably be supplied by another MV/LV transformer.

Fig. 2: Non-linear loads

IV.  Harmonic isolation   
Circulation of harmonic currents is limited using suitable 
coupling transformers. Use of Y-connected primary transformers 
(without neutral!) with zig-zag secondary is an interesting 
solution as it ensures minimum distortion at the secondary. 
In this case 3 k order harmonic currents do not flow at the 
transformer primary, and the impedance Zs depends only on 
the secondary windings. The inductive part of the impedance 
is very low and resistance is practically halved compared with 
a ∆-Y transformer of identical power. 

Fig. 3:  zig-zag secondary transformer and attenuation of 3 k 
order harmonics.

Fig. 3. and the following calculation show the reason for the 

absence of 3 kω angular frequencies at the transformer primary 
(zero sequence current is nil). Current circulating for example 
in the primary winding 1 equals:
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As regards three-phase loads, some harmonic orders can be 
removed by using transformers or autotransformers with a 
number of displaced secondaries.
 The calculation shows that the odd harmonics are removed 
from the transformer primary. The first harmonics removed, 
which are also the highest in amplitude, are for k = 1, harmonics 
5 and 7. The first harmonics present are then 11 and 13. 
This property can be generalized by increasing the number of 
rectifiers and the number of transformer secondaries or the 
number of transformers by choosing the appropriate phase 
displacement for each secondary.

V. Using detuning reactors  
This solution consists of protecting the capacitors, designed 
to improve the displacement power factor by installing a 
series reactor. This reactor is calculated so that resonance 
frequency matches none of the harmonics present. Typical 
tuning frequencies are for a 50 Hz fundamental: 135 Hz 
(order 2.7), 190 Hz (order 3.8) and 255 Hz (order 4.5). Thus 
for the fundamental, the battery can perform its displacement 
power factor improvement function, while the high impedance 
of the reactor limits amplitude of the harmonic currents. The 
switched-steps capacitors must allow for the priority of certain 
resonance frequencies

VI. Passive harmonic filters
This case differs from the above in that a capacitor is used in 
series with a reactor in order to obtain tuning on a harmonic 
of a given frequency. This assembly placed in parallel on the 
installation has a very low impedance for its tuning frequency, 
and acts as a short-circuit for the harmonic in question. A 
number of assemblies tuned on different frequencies can 
be used simultaneously in order to remove several harmonic 
orders. Passive filters contribute to reactive energy 
Compensation of the installation. 
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Fig. 4: DSM Modeling for Power Factor Correction in Smart 
Grid

The input parameter S1 in the above figure takes into account 
the load Z which is a combination of resistance R and reactance 
X. The parameter X in the given equation contributes to the 
reactive power. The value of X is greater for non-linear loads as 
non-linear loads causes voltage distortion due to the current 
harmonics generated by them as the current drawn by non-
linear loads is non-sinusoidal in nature. To reduce THD (Total 
Harmonic Distortion) , the factor X is to be reduced in non-
linear loads. Due to the advantages in smartgrid like advance 
metering infrastructure, local controllers and sensors the flow 
of real power is increased so that power factor increases to 
one. 

The transfer function of above DSM model is 
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Smartgrid system can minimize the reactance X for output S2 
by reducing loads with THD.
X ≅ 0, Q2 ≅ 0.

Therefore smart grid load profile becomes approximately linear 
and symmetrical.

Thus   
              θe2 - θi2 = 0.
Whereas 
              θe1 - θi1 ≠ 0.

So the transfer function becomes
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Two methods to correct power factor in the given DSM model 
are

1. Openway by itron [6] is a device by which the energy utilities can 
manage and shape their load by using ZigBee communication 
[7][8] in smart grid system. Utilization of Distribution line carrier 
signal Technology [9] is more beneficial for two way intelligent 
communication.

2. Synchoronous vector processor is a another device which 
is used to measure phase shifts on each phase[10] , for the 
implementation of stability margins, it can measure angle 
between transmission buses and distribution buses and 
therefore adjusting the load scalability [11].

III. COGENERATION

A. Cogeneration System
A cogeneration system is the sequential or simultaneous 
generation of multiple forms of useful energy (usually 
mechanical and thermal) in a single, integrated system [12-
13]. CHP systems consist of a number of individual components 
– prime mover (heat engine), generator, heat recovery, and 
electrical interconnection – configured into an integrated whole. 
The type of equipment that drives the overall system (i.e. the 
prime mover) typically identifies the CHP system. The prime 
movers are capable of burning a variety of fuels, including 
natural gas, coal, oil, and alternative fuels to produce shaft power 
or mechanical energy. Although mechanical energy from the 
prime mover is most often used to drive a generator to produce 
electricity, it can also be used to drive rotating equipment such 
as compressors, pumps, and fans. Thermal energy from the 
system can be used in direct process applications or indirectly 
to produce steam, hot water, hot air for drying, or chilled water 
for process cooling.

Fig. 5:  Energy efficiency advantage of a cogeneration system

Figure shows the efficiency advantage of CHP compared to 
the conventional central station power generation and on-
site boilers. When both thermal and electrical processes are 
compared, a CHP system typically requires only three-fourth 
the primary energy compared to separate heat and power 
systems. This reduced primary fuel consumption is the main 
environmental benefit of CHP, since burning the same amount 
of fuel more efficiently means fewer emissions for the same 
level of output.

B. Benefits of Cogeneration

Increased efficiency of energy conversion and use• 
Lower emissions to the environment, in particular of CO• 2, 
the main greenhouse gas
In some cases, biomass fuels and some waste materials • 
such as refinery gases, process or agricultural waste 
(either an aerobically digested or gasified), are used. 
These substances which serve as fuels for cogeneration 
schemes, increases the cost-effectiveness and reduces 
the need for waste disposal
Large cost savings, providing additional competitiveness for • 
industrial and commercial users while offering affordable 
heat for domestic users also.
An opportunity to increase the diversity of generation • 
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plant, and provide competition in generation. Cogeneration 
provides one of the most important vehicles for promoting 
liberalization in energy markets.

The Types Of Cogeneration Systems are Steam Turbine 
Cogeneration System, Gas Turbine Cogeneration System, 
Reciprocating Engine Cogeneration System

IV. Implementing CHP within a Smart Grid
In the future, systems which produce both heat and power are 
likely to have a big role to play at every level, right down to the 
individual household. 
As we move towards a more sustainable energy economy, an 
increasing proportion of our energy will come from combined 
heat and power (CHP) units, wind turbines and solar cells. At 
present, the power from such systems is normally fed into 
the high-voltage and medium-voltage grids. However, there 
is a clear trend towards decentralization at every level, with 
individual neighborhoods, buildings and even homes producing 
their own energy. In parallel with the rise of micro-generation 
technologies, the search for sustainability is driving demand-
side electrification: the use of electricity to power heat pumps, 
cars and so on. Such systems are usually connected to the 
low-voltage distribution network.
These developments imply a shift away from traditional power 
grids, with their hierarchical top-down structure, towards more 
diffuse bi-directional networks capable of accommodating 
major fluctuations in both supply and demand.
Multiple small cogenerators combined with reasonable heat 
buffering may play a role in the new network. In the absence of 
sufficient capacity to meet peak demand or in the absence of 
transmission capacity, high-efficiency cogeneration using gas 
can adjust the supply to meet rapidly changing demand. 
In addition to exhibiting rapid response, gas engines (the main 
cogeneration technology in the MW ranges up to 15 MW) 
operate efficiently over a wide load variation. A distributed 
generation capacity also eases transmission issues and grid 
losses — meeting peaking needs more locally means more 
efficient supply.
The intermittency of renewables, and wind in particular, demands 
flexibility of response for operation from other suppliers on 
the grid. The successful combination of cogeneration and 
renewables is attracting increasing attention.

V. Assessment of Cogeneration Systems

A.  Performance Terms & Definitions

(i) Overall Plant Performance

Overall Plant Heat Rate (kCal/kWh)

                   
Where,
Ms = Mass Flow Rate of Steam (kg/hr)
hs = Enthalpy of Steam (kCal/kg)
hw = Enthalpy of Feed Water (kCal/kg)
Overall Plant Fuel Rate (kg/kWh)

                   

Total Fuel for Turbine & Steam

(ii) Steam turbine performance

Steam Turbine Efficiency (%):

(iii) Gas turbine performance
Overall Gas Turbine Efficiency (%) (Turbine & Compressor):

(iv) Heat recovery steam generator (hrsg) performance
Heat Recovery Steam Generator Efficiency (%):

Where,
Ms = Steam Generated (kg/hr)
hs = Enthalpy of Steam (kCal/kg)
hw = Enthalpy of Feed Water (kCal/kg)
Mf = Mass flow of Flue Gas (kg/hr)
tin = Inlet Temperature of Flue Gas (0C)
tout = Outlet Temperature of Flue Gas (0C)
Maux = Auxiliary Fuel Consumption (kg/hr)

VI. Conclusion
In Smart Grids, there could be many opportunities for semi-
automated DSM, assuming proper coordination (i.e. de-
synchronization) mechanisms are in place.In this paper the 
authors have discussed about two important DSM technologies, 
Power factor correction and Co-generation. The authors also 
suggested the  way to implement these two technologies in 
smart grid .A Smart Grid can be a mechanism for achieving the 
nation’s goals in the areas of energy security, climate change, 
grid reliability, economic growth, and national competitiveness. 
At the same time, there are serious challenges to the timely 
development of a Smart Grid.
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