
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                 Vol-4, Iss-2, Spl. Issue-1 Apr.-2016 

The Role of Demand Response and Integrating Renewable Energy in Smart Grid 
 

26 

THE ROLE OF DEMAND RESPONSE AND INTEGRATING 
RENEWABLE ENERGY IN SMART GRID 

 
1SURAJ KUMAR KHATKAR, 2B. SHAKILA 

 
1,2Electrical & Electronics Engineering, National Institute of Technology, Nagaland,  

Dimapur, Nagaland, India 
E-mail: 1Saki.baskaran@gmail.com, 2Surajsir007@gmail.com 

 
 
Abstract— Demand response applications within smart grid provide excellent opportunities for peak demand reduction 
through demand side load management. Economic growth of any country is dependent upon its Power Consumption. Hence 
to make India a self reliant economic power a large amount of power is required. In India there is a huge gap between the 
Power generated and the Power demand. It is not possible to realize this gap by increasing the installed capacity, as the 
resources are limited and due to economic constraints also. For that the Energy being generated should be conserved to the 
utmost and it is possible by using DSM measures. Demand Side Management (DSM) is the process of managing the 
consumption of energy, generally to optimize available and planned generation resources. DSM plays an important role in 
improving energy efficiency, system reliability and security. DSM reduces costs for both customers and utilities and 
mitigates environmental damage. This paper applies different DSM measures by applying load shifting on different energy 
sector. This would definitely lead to marginalizing the gap between demand and supply. 
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I. INTRODUCTION 
 
Smart Grid is a concept and vision that captures a 
range of advanced information, sensing, 
communications, control, and energy technologies. 
Taken together, these result in an electric power 
system that can intelligently integrate the actions of 
all connected users—from power generators to 
electricity consumers to those that both produce and 
consume electricity (“presumes”) to efficiently 
deliver sustainable, economic, and secure electricity 
supplies. 
A smart grid may be defined in a number of ways. In 
simple words, smart grid is an electric grid that 
employs monitoring, control, communication, and 
self-healing capabilities to efficiently deliver reliable, 
economic, and sustainable electricity services. Some 
of the features that characterize a Smart Grid a 
described in are as follows: 
1. Deployment and integration of demand response, 
demand side resources and energy efficiency 
resources. 
2. Deployment and integration of distributed 
resources and generation, including renewable 
resources. 
3. Deployment of smart technologies for metering, 
communications concerning grid operations/status 
and distribution automation. 
4. Adoption of Demand Side Management (DSM) 
techniques like volt/VAR control, voltage reduction, 
etc. 
5. Deployment and integration of advanced electricity 
storage and peak-shaving technologies, including 
plug-in electric and hybrid electric vehicles, etc. 
In case of smart grid, Renewable Energy has been 
one of the rising trends in the field of Energy 
engineering. Renewable energy system has its source 
over the renewable resources such as solar, wind, 

tidal, wave, biomass etc. Power extraction through 
tidal and wave energy is bounded due to less 
availability; lack of technological improvements 
these components, incorporating the applicable 
criteria that Follow. Distributed RE sources may 
potentially delay upgrade of transmission and 
distribution infrastructures with increasing demand. 
Therefore, RE resources at the residential level 
should be utilized to get the most benefits out of 
residential demand response (DR) programs 
 
II. GENERAL FEATURES OF SMART GRID 
 
Smart grid has different aspects and can be 
characterized as follows:- 
 Interactive with users and markets 
 Adaptive and scalable to varying situations 
 optimized to make the best use of resources and 

equipment 
 Pro-active instead of reactive to prevent 

emergencies 
 Self-healing grids with advanced automation 
 Integrated, merging monitoring, control, 

protection, 
 Maintenance, EMS, DMS, AMI,. 
 having plug-and-play –features for network 

equipment 
 ICT solutions 
 Secure & reliable 
 Cost efficient 
 provides real time data and monitoring 
 
III. INTEGRATION OF RENEWABLE 
ENERGY SOURCE 
 
Demand side centric flexible simulation framework 
proposal – we propose a simulation framework that is 
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open to integration of different components under the 
smart grid infrastructure, and puts more emphasis on 
the residential demand side of the story. This 
framework aims at providing an easy interface for 
implementing different appliance coordination 
algorithms and performing simulation tests with 
minimal effort. 
Integration of Renewable source at distribution to 
reduced power demand and improves grid stability 
and reliability with much reliable and secure the grid 
sudden change in load. It help to improves voltage 
profile, active power and reactive power and also 
improve voltage regulation and grid efficiency. 

 

 
Figure1. PVs and Wind Integration to Smart Grid. 

 

 
Figure2. Simulation PVs and Wind Integration to Grid 

 
IV. DEMAND SIDE MANAGEMENT 
 
Around the world little change in generation of 
electricity is required in order to Figurate climatic 
changes and to increase energy security. 
Consequently, renewable energy resources and DG’s 
are receiving support and their shares in electricity 
generation are rapidly rising. The growing renewable 
generation in an inflexible system is the key 
challenge for developers and practitioners of smart 
grid system. The addition of DG to the electrical 
distribution system has been the key driver in the 
evolution of distributed system; however DG hardly 
gets any market signals nor participates in system 

management for two reasons. Firstly, DG is often 
from renewable energy sources and therefore 
organized on the basis of priority under fixed feed-in 
tariffs and not obligated from market prices. 
Secondly, generators in distribution networks are 
often too small and not equipped with technology. 
Furthermore, one of the problems experienced is that 
the increasing renewable shares may cause 
congestion in distribution networks .While building 
new infrastructures; smart grid technologies can also 
help utilities to alleviate grid congestion and to 
maximize the potential of our current architecture. As 
smart grid technologies become more popular, the 
electrical grid will be made more efficient, resulting 
in reduction of issues of congestion. Lots of Sensors 
and controls will help intelligently, reroute power to 
other lines when required, accommodating energy 
from renewable sources, so that power can be 
transported to a greater distance, where it is needed. 
Smart grid delivers electricity from suppliers to 
consumers using digital technology through control 
automation, continuous monitoring and optimization 
of distribution system, in order to save energy, reduce 
consumer cost and improve reliability. 
 

 
Figure 3: Photovoltaic cell network in building 

 
4.1. PV Smart Grid System 
PV generates power in a manner that is essentially 
different than the way power has been generated in 
the past, and requires a power electronics interface to 
convert the native format of the generation so that it 
becomes grid compatible. 
Photovoltaic energy is one of the most easily scalable 
types of renewable energy generation; it can be 
produced in amounts from a few KW at the 
residential scale up to multiple MW at the utility 
scale. Due to the growing electricity demand, 
increase in price of petroleum products and slightly 
reduction in PV system cost over the last many years, 
the gateway and opportunities for PV smart grid 
system seem to be increasing. Photovoltaic energy 
systems consist of arrays of solar cells which create 
electricity from irradiated light. The output of the PV 
(photovoltaic) system is primarily dependent on the 
intensity and duration of illumination. Solar 
electricity provides us with non-depleting, site-
dependent and eco-friendly alternative energy option. 
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PV offers clean, emission less, noise-free energy 
conversion, without involving any active mechanical 
system. Since this is all electric, it has a high span 
time (> 20 years) [2]. There is a need of lot of work 
to be done to further enhance the efficiency of the 
solar cell which is the building block of PV system. 
The advantages of PV modules are minimum 
maintenance and easy expansion to meet the growing 
energy demands. This modularity permits users to 
tailor PV system to the desired condition. High cost 
and the need for the application/load to match with 
illumination of light output of 
Photovoltaic are the main disadvantage. However, 
technological breakthroughs (yielding cost reduction 
of PV, improved efficiency, etc.) may change the 
scenario 
 
V. DEMAND RESPONSE 
 
5.1 Demand response applications for RE 
integration 
Demand response (DR), the development and 
extension of traditional demand-side management or 
load management practices, is recognized as a key 
application of the smart grid. Currently the USA is far 
in the lead in research and application of DR, with 
Europe, China and other countries catching up. As 
RE penetration rises, DR’s value as an additional 
source of power system flexibility to compensate 
for the variability and uncertainty of RE generation 
will increase. DR can help RE integration in two 
main ways, load shifting and balancing. 
1) Load shifting 
DR can be deployed to transfer a part of the load to 
off-peak periods to absorb excess RE generation, 
particularly for wind power generation, which often 
exhibits inverse-peaking characteristics: generating 
more power during off-peak periods and less power 
during peak demand periods. At off-peak periods, 
conventional generation plants are often already 
reduced to their minimum output, and the 
insufficiency in demand will make wind power 
curtailment inevitable, reducing wind power plants’ 
capacity utilization efficiency and preventing the 
replacement of fossil-fuelled power generation for 
emission reduction. Shifting load to off-peak periods 
also brings additional energy efficiency and cost 
benefits for customers to use electricity during hours 
of excess wind generation, and has planned for 
increased 
2) Demand-side balancing services 
Fast-acting DR can be deployed to help balance 
generation and load in real time. Loads can be 
aggregated and directed to respond very quickly and 
therefore be capable of following the fast ramps of 
RE generation, reducing the need for ramping 
capability from conventional generation. Some 
system operators are already using DR to counter 
down-ramps of RE generation, showing flexibility 
potentially equal to conventional generation options. 

But different types of load have different response 
capabilities and different costs of response, and more 
research is needed to identify the true aggregate value 
and capability of DR in this area 
 
5.2 Demand response practices and trends 
The practices of DR vary not only among different 
countries due to differences in electricity markets, 
technological development and goals for deploying 
DR, but also inside the boundaries of certain 
countries. The leading DR program in the USA can 
generally be classified into two categories: dispatch 
able programmed and reactive program 

a) Dispatch able programs, also known as load 
management or control programs, allow 
direct control of load responses by the grid 
operator or a third-party aggregator. An 
incentive is often offered to customers in 
return for participation. 

b) Reactive programmers’ rely on customers’ 
voluntary responses to a variety of signals 
communicated to them. The most common 
signal used at present is price, although other 
types of information, such as environmental 
signals or neighborhood-comparative data, 
may prove useful in the future. 

1) DR for improving system reliability 
The earliest and most commonly practiced DR 
focuses on system reliability. A customer, often a 
large industrial facility, agrees to reduce load to 
guarantee system reliability under peak demand 
conditions or other emergency system events, and is 
paid an incentive for doing so. Since they are 
designed for emergency use, these DR programs are 
infrequently called upon. 
2) DR for improving system efficiency 
More recently the focus of DR has been increasingly 
placed on system efficiency. Many DR programs 
have begun to focus on non-crisis peak shaving – 
flattening load curves to improve the efficiency of 
long-term power system capacity use, since the 
generation, transmission and distribution capacity of 
a power system is sized to meet the expected peak 
demand. 
3) DR for improving system flexibility 
This emerging application of DR is very important 
for supporting RE integration, as mentioned in 
System reliability Objective Frequency of calling 
Participants Direction Demand response System 
efficiency System Flexibility Emergency use Daily 
use Real-time use Large customers Small customers 
(with aggregators) Downward only Downward or 
upward 
 
5.3 Technologies supporting more demand response 
Although the success of DR program depends to a 
very large extent on effective commercial 
arrangements (including rate structures and pricing 
schemes) and on an accurate evaluation of cost-
effectiveness, some new technologies are physically 
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essential for DR to function or to function better. We 
discuss these briefly here. 
1) Advanced metering infrastructure technology 
Advanced metering infrastructure (AMI) technology, 
commonly known as “smart metering”, permits fine-
grained communication of system conditions to 
customers and fine-grained measurement of customer 
responses via two-way communications between the 
customer and the utility. It is the technical foundation 
for engaging more DR, especially from smaller 
customers in the future. It allows customers to receive 
information signals from utilities involving price, 
environmental impact and other aspects, and utilities 
to receive time-of use data that reveals how much 
energy customers use at any given time. 
 
VI. DISTRIBUTION AUTOMATION 
 
DA allows increased efficiency, reliability, and 
quality of electric service. Moreover, it also facilitates 
more effective Utilization and life extension of 
existing distribution system Infra structure. Advanced 
DA concepts promote automatic self configuration 
features, reducing outage times to a minimum (self-
healing grids). Distributed energy resources (DERs) 
include demand response (DR), renewable 
generation, storage, and distributed generation (DG). 
DERs are able to create self contained cells (micro 
grids), which can in turn help to assure energy supply 
in distribution grids even when the transmission grid 
has a blackout- 
• Distributed intelligence: Systems that integrate 
DERs need to possess high-speed data processing 
capability and be able to make decisions locally 
through distributed intelligence offered by low-cost 
embedded computing facility. 
• Visualization: This is a high-priority requirement to 
recognize available and controllable resources to 
maximize 
Economic and reliability benefits. Some visualization 
capabilities may be needed at the individual 
substation, to 
A feeder, and even down to the individual resource. 
• Forecasting and prediction: The ability to forecast 
and predict the availability and performance of 
resources is acknowledged as a key requirement. 
Forecasting is a challenge because of the immaturity 
and low penetration of DERs, which increases the 
uncertainty associated with their performance. 
• Interoperability: This requirement refers to the 
capability of two or more networks, systems, devices, 
applications, or components to externally exchange 
and readily use information securely and effectively. 
Integration needs to follow agreed standards to meet 
the diverse circumstances and needs of all varying 
types of resources considered. 
• Integration challenging issues include the need for 
industry consensus and maturity of new standards and 
cyber security. 

VII. DEMAND RESPONSEBARRIERS AND 
CHALLENGES 
1. Technical Challenges 
Two dominant technical challenges can be identified 
with a higher penetration of RE generation: 
1) Managing variability and uncertainty during the 
continuous balancing of the system, and 
2) Balancing supply and demand during generation 
scarcity and surplus situations. 
Smart grid solutions emerging to manage continuous 
balancing of the system include: 
•Better forecasting. Widespread instrumentation and 
advanced computer models allow system operators to 
better predict and manage RE variability and 
uncertainty. 
• Smart inverters. Inverters and other power 
electronics can provide control to system operators, 
as well as to automatically provide some level of grid 
support. 
• Demand response. Smart meters, coupled with 
intelligent appliances and even industrial-scale loads, 
can allow demand-side contributions to balancing. 
• Integrated storage. Storage can help to smooth 
short-term variations in RE output, as well as to 
manage mismatches in supply and demand. 
•Real-time system awareness and management. 
Instrumentation and control equipment across 
transmission and distributions networks allows 
system operators to have real-time awareness of 
system conditions, and increasingly, the ability to 
actively manage grid behavior. 
2. Economic, Policy, and Regulatory Challenges 
In addition to technical challenges, institutional 
challenges also arise with increasing shares of 
variable RE. Broadly these relate to the unique 
economics of variable RE, which give rise to various 
policy and regulatory issues. Two specific challenges 
are identified here: capital-intensive grid upgrades, 
and uncertain project costs and cash flows. 
Capital-intensive grid upgrades- 
Grid upgrades may be required to accommodate wind 
and solar power. For example, to the extent high 
quality wind and solar resources are located far from 
demand centers, new transmission lines or upgrades 
to existing lines may be required 
Uncertain RE project costs and cash flows- 
Smart grid solutions are emerging to two specific 
issues that historically have negatively impacted RE 
project economics: grid upgrade costs allocated to RE 
project developers and energy curtailment when full 
RE production cannot be readily integrated into the 
power system. Both issues may cause cash flows of 
the project to diverge further from expectation, To the 
extent upgrades become costly or curtailments 
increase, the investment landscape for variable RE 
becomes more uncertain and can slow overall 
deployment. 
In cases where policy measures and subsidies insulate 
project investors from these risks—for example to 
further enhance the investment environment for RE—
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costs and risks may be socialized. Smart grid 
investments can also play an important role in 
reducing those costs and risks. 
Cost-effective methods of reducing curtailment and 
minimizing new transmission or grid upgrades can 
therefore capture more value from RE sources, 
improve the viability of individual RE projects, and 
maximize value to the system, enhancing the overall 
investment climate. 
Smart grid solutions emerging to address the 
economic, policy, and regulatory challenges of 
variable RE include: 
• Dynamic line rating. Real-time information about 
transmission line capacity can allow grid operators to 
extract more value from existing lines, reducing the 
need for costly upgrades. 
• Demand response. Enabled by smart meters and 
intelligent loads, customer demand response solutions 
can help absorb excess RE generation, reducing the 
need for distribution upgrades. 
• Smart inverters and other advanced power controls. 
Smart inverters and other power controls can reduce 
the need for significant grid transmission and 
distribution upgrades, thus reducing costs that may 
otherwise be levied on RE projects or socialized. 
• Grid-scale storage. Large-scale storage of various 
types can help to reduce the need for additional 
transmission capacity. 
• Behind-the-meter storage. Customer storage 
solutions can help absorb excess PV generation, 
reducing the need for distribution upgrades. 
• Advanced energy management systems. Advanced 
energy management systems that provide real-time, 
high-resolution visibility and control of power 
systems, can allow grid operators to defer more costly 
capital expenditures. 
• Better forecasting. System-level forecasting can 
help system operators operate their grids more 
flexibly, allowing more production to be accepted 
 
CONCLUSION 
 
Major importance of renewable energy, renewable 
energy based energy conversion systems, and 
distributed power generation has been reiterated. It 
can be concluded that with the advancements being 
made in the area of renewable energy and distributed 
power generation, Smart grid has a emending and 
critical role in the future of efficient power generation 

and distribution. Renewable energy system is an 
innovative option for electricity generation, especially 
the PV system as it is a clean energy resource. 
However, to achieve a goal, a lots of issues need to be 
solved or addressed. These issues are basically related 
to the design and size of the system, the suitable and 
effective model which can cover the technical and 
financial aspects of PV smart grid to supply 
electricity, and the equalized electricity price for 
integrating PV in a smart grid system. 
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