
Journal of Artificial Intelligence and Computing (JAIC) 
ISSN (p): 3005-3358   

   Volume: 1, Number: 2, Pages: 6- 12, Year: 2023 

 

This work is licensed under a Creative Commons Attribution-Share Alike 4.0 International License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited. 

 

6 

Computing the Demand Response in a 
Renewable Dominated Power System  

 
Muhammad Moiz, Muhammad Moeez, Saad Shakeel and Waseem Akram 

 
Electrical Engineering Department, Government College University, Lahore, 54000, Pakistan 
Corresponding author: Muhammad Moeez (Email: moeezanser27@gmail.com) 
 
Received: 12/06/2023, Revised: 22/10/2023, Accepted: 15/11/2023 
 
Abstract-- Demand response refers to action where 

consumers can significantly optimize the electricity grid by 
reducing or shifting power consumption during peak 
periods using time-based rates or economic incentives. In 
this project, we have proposed a system where a small-
scaled distributed generation based on renewable energy, 
including solar energy, with their coordination control, has 
been modelled to ensure generation solvency and a demand 
response strategy based on load shifting technique using a 
demand response system (DRS) for demand-side 
proficiency. 

Index Terms—Computing, power demand, power 
generation, power systems, renewable energy. 

 
I. INTRODUCTION 

Due to the escalating energy demand, the petroleum 
fuel crisis, environmental concerns, and global 
economic pressures, scientists and researchers must 
explore alternative resources for traditional power 
generation. [1, 2] 
Renewable energy sources, such as solar energy, e.g., 
batteries, wind turbines, hydropower, and tidal power, 
offer the potential to meet a substantial portion of the 
growing demand while providing economic and 
environmental advantages over conventional energy 
sources. Therefore, it is highly recommended to adopt a 
combination of demand response and distributed 
generation based on renewable energy sources to fulfill 
requirements and ensure an efficient system [3-6].  

This project aims to establish a feasible framework for 
demand response implementation utilizing predictive 
control techniques. The primary aim is to offer a diverse 
array of services facilitated by the Demand Response 
Mechanism that align with the requirements of power 
system management. With the progress made in this 
field, it becomes evident that the design and control 
architecture of the power system must be adjusted to 
address forthcoming challenges effectively. The main 
objectives are as follows; 

• Manage temporary energy spikes and improve 
customer resilience and credibility. 

• Reduces peak energy consumption in the hottest and 

coldest months, offsetting the need for expensive 
and contaminated equipment that operates only a few 
hours each year. 

• Increase the flow of communication with customers 
regarding energy consumption and advise customers 
on other energy and cost management tools. 

• To utilize maximum energy produced by renewable 
energy resource 

• Enable the demand response mechanism to provide 
diverse services, including load shifting peak shaving, 
to address power system management effectively. 

• Develop a dependable system that promptly and 
accurately responds to demand signals, ensuring 
seamless operation and minimizing downtime. 

•  Design the demand response mechanism to actively 
contribute to grid stability by mitigating electricity 
demand and supply fluctuations. 

• Align the architecture with long-term sustainability 
goals, empowering a more intelligent and 
environmentally conscious energy ecosystem. 

 
II. LITERATURE REVIEW 

A. Background 
The researcher can thoroughly understand the demand 
response and state-of-the-art renewable energy integration 
thanks to the literature review. The project can add to the 
information already known in the sector and find the most 
recent developments by evaluating academic articles, 
reports, and industrial publications. The researcher can 
pinpoint gaps or restrictions in the information available 
regarding demand response in power systems with a high 
proportion of renewable sources through the literature 
study [7-11]. The initiative can progress the discipline by 
highlighting areas needing additional research and 
identifying these gaps. An evaluation of various demand 
response implementation options that have been tried out 
or put forth in power systems abundant in renewable 
energy is made possible by reviewing the literature. The 
development of suitable DR frameworks can be aided by 
analyzing these tactics, revealing useful information about 
their efficacy, drawbacks, and advantages [1, 12-18]. The 
researcher might examine different technical approaches 
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and tools to facilitate demand response participation in a 
literature review. This assessment can clarify whether these 
technologies are appropriate and feasible for integrating 
renewable energy sources. Understanding the laws and 
regulations that support demand response in power systems 
with a high proportion of renewable energy sources is 
essential. The literature review can evaluate the effects of 
current policies, find effective case studies, and 
recommend relevant changes to boost DR adoption [19-
25].  
A literature review can include case studies from actual 
demand response deployments in grids with a high 
renewable energy content. The difficulties encountered, the 
lessons discovered, and the real effects of demand response 
initiatives can all be learned from analyzing these 
situations. A thorough understanding of prior research and 
real-world experience is provided to the researcher through 
the literature review. With this knowledge, the FYP can 
better decide on the research's design, methodology, and 
prospective contributions [2]. The research described the 
design, development, and testing of an IoT-enabled smart 
stick intended to aid visually impaired people in navigating 
the outside environment while detecting and warning about 
obstacles [3]. The proposed solution used ultrasonic 
sensors to detect obstacles, a water sensor to detect puddles 
and wet surfaces, and a high-definition video camera with 
object recognition [4, 26-33].  
Furthermore, in a comparable concept given by S. Subbiah, 
S. Ramya, G. Parvathy Krishna, and S. Nayagam, the user 
was warned of various impediments and objects via voice 
feedback delivered via e A solid theoretical framework for 
the FYP is built on the foundation of a well-structured 
literature evaluation. It aids in laying the theoretical 
foundation for the study and guarantees that the project is 
based on recognized ideas and principles. The literature 
review can also aid the selection of relevant research 
procedures and data-gathering strategies. It offers insights 
into the methodologies employed in earlier research and 
how well they work with the current project [5]. Demand 
response is the term for end-user customers' adjustments to 
their usual electricity to retain the same overall 
consumption. Use on-site generation. Customer sensitivity 
to and responsiveness to pricing signals rises due to 
demand response. 
B. Preceding Experimentation 
Demand response was considered a set of alternatives that 
Sezgen, Goldman, and Krishnarao may choose to exercise 
earbuds following accurate detection and identification of 
items [7] at a later time if necessary [8]. The customer 
viewpoints were considered while evaluating investments 
for load reduction, load shifting/displacement, and fuel 
replacement. These support the prediction and direction of 
consumer behaviour. It has been demonstrated that demand 
response increases the electrical market's effectiveness.  
The former places a high importance on reliability, while 
the latter is more price-dependent. To illustrate the 

advantages of demand response, Khodaei et al. employed 
several case studies. According to their findings, demand 
response can "shave the peak load, reduce the system 
operating cost, reduce fuel consumption and carbon 
footprints, and reduce transmission load congestion by 
reshaping the hourly load profile." Demand response 
sensitive to price adds another layer of instability to the 
energy market and may hinder convergence. Zhao et al. 
investigated this using a non-iterative technique based on 
the contraction mapping theorem and a closed-loop 
iterative simulation technique [17-20]. It has yet to be 
demonstrated that the models offered to enable customer 
participation in the energy spot market are strong enough 
to resist the doubt of consumer behaviour in reaction to 
real-time price changes [9].  
The predicted demand and generation accuracy would 
decrease if many consumers changed through various data. 
This would smooth out pricing variances. Roozbehani put 
forth a framework for modelling and examining the 
dynamics of source, claim, and clearing prices when 
customers are given real-time power pricing information 
[10]. According to the authors' theoretical study, new 
demand response technologies and storage may cause price 
volatility to grow under the way that the market and system 
are now operated [11].  
To achieve these objectives efficiently, demand response 
proves to be a targeted approach, enabling the system to 
pay for curtailing electricity usage only when necessary to 
meet its goals [9]. Demand response has been extensively 
researched in the Wind and Renewables Integration context 
as a valuable tool for effectively integrating wind and other 
renewable energy sources. Wind's inherent can be 
effectively counterbalanced through swift and cost-
effective demand response. Dietrich et al. conducted a 
study wherein they modelled specifically focusing on Gran 
Canaria, a small island in the Canary Islands [12]. They 
examined two scenarios: Demand Shifting, and Peak 
Shaving, wherein consumers independently respond to 
price signals. Instead of maximizing social welfare, the 
emphasis was on minimizing costs. The study's results 
showcased the cost savings achieved through demand-side 
management.  

C. Integration of Energy Sources 
Integrating renewable energy sources into power networks 
has significantly increased as the globe moves toward 
sustainable energy systems. However, the inherent erratic 
and variable nature of renewable energy sources challenges 
grid stability and balance. Demand response has emerged 
as a workable solution to these problems by actively 
incorporating users in the power grid's optimization. In an 
energy system predominately made of renewable sources, 
this literature review examines the status of knowledge and 
research on demand response.  
Demand response, sometimes encouraged by time-based 
rates or financial advantages, is changing power 
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consumption patterns in response to grid conditions. 
Researchers have thoroughly examined various DR 
strategies, such as price-based, incentive-based, and direct 
load control. With these systems, customers can help 
reduce or shift demand during peak hours, flattening the 
load curve and reducing grid stress [15-21]. Incorporating 
renewable energy sources like sun and wind into power 
systems has been the subject of numerous research. 
Renewable energy sources help to reduce carbon 
emissions, but their unpredictable nature makes it difficult 
for grid managers to maintain stability and guarantee a 
steady supply of electricity. This emphasizes the necessity 
of demand response as an additional strategy to balance 
supply and demand in a grid predominately comprised of 
renewable energy sources [22-28]. 
 

III. METHODOLOGY 
Firstly, the power is supplied from WAPDA to ensure both 
loads can operate smoothly. The bulbs connected to Load 
1 and Load 2 will illuminate, and the microcontroller's 
LCD will display the real-time current, voltage, and power 
readings. Next, we will switch the power source to a 
secondary option, which is a battery. The system will 
automatically switch to using the battery as its power 
source. As the system's demand changes, the battery's 
charge level will adjust accordingly. Consequently, the 
bulbs will gradually turn off, based on the system's 
requirements, while the system continues to operate within 
the battery's capacity. This setup ensures a seamless 
transition between the main power supply and the battery, 
allowing the system to run efficiently and effectively based 
on its power needs. 
 

IV. EXPERIMENTAL WORK 
 

After design implementation, we tested by dividing the 
project into modules. 
The project was divided into the following sub-parts: 

• Setting up the microcontroller, which was our 
Main Control Unit. 

• Designing and Testing of VDR Circuit. Testing of 
Inverter. 

• Testing of Transformer. Testing of Load 1 and 
Load 2. Testing of Battery. 

• Testing of the complete circuit powered with 
battery and WAPDA. 

A. Testing of Components 
First, we implemented the Arduino code to check whether 
it was working properly. After that, we checked the 
working of the VDR circuit, which provided power to the 
Arduino. Then, the proper working of the inverter and 
transformer was checked to ensure it was converting 12V 
to 220V. 
Finally, the complete working of Load 1 and Load 2 was 
checked on both Battery and WAPDA to check the 

efficiency of our project. 

B. Testing of Inverter 
To convert 12V, which was coming from Battery, we 
needed to test our Inverter, and for this purpose, we tested 
it many times to make sure it was converting 12V to 220V. 

C. Testing of Load 1 and Load 2 
First, we checked Load 1, which was our critical Load 
because first priority was given to it, and after that, we 
checked Load 2, which also consists of a Non-Critical 
Load, which could be turned on or off depending on the 
conditions. 

D. Testing on BATTERY and WAPDA 
In this part, we made sure that if WAPDA is coming, all of 
the loads can be used, but if WAPDA is cut off, the system 
will automatically be shifted on Battery and Non-Critical 
Loads will automatically be Turned off. This section is the 
user guide for the final product. It discusses all the features 
available in the product and how it functions, and it 
explains in very simple and basic words how to operate this 
product.  

E. Installing the Arduino Code 
First, we must upload the Arduino code we made to run the 
system properly. On the system, then we need to Turn ON 
our system through a switch to run it. 

F. Turning on the WAPDA 
After that, we need to connect the switch through the Main 
Grid (WAPDA) to check whether both Loads work fine. 

G. Turning on the battery 
At last, we need to connect the battery so that if WAPDA 
is cut off, our system will remain running, and everything 
will be shifted on the battery. 

H. Enabling Load 1 and Load 2: 
We have set Load 1 as a critical Load priority and will 
remain turned ON/OFF on both the battery and WAPDA. 
Still, Load 2 is to be turned OFF if the system is running 
on battery because it consists of Non-Critical Load, so it 
depends on the conditions. 

 
Figure 1: Final Functional Prototype 

I. Detailed Hardware and Software Design: 
Here are some of the primary hardware components 
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utilized in the circuitry of the project: 
• Inverter 
• Battery 
• Micro-Controller 
• CT/PT 
• Voltage Control unit 
• Relay unit 
  
Inverter: 
Inverter is an electronic device that converts direct current 
(DC) into alternating current (AC). It is commonly used in 
various applications, such as solar power systems, 
uninterruptible power supplies (UPS), and electric 
vehicles. By reversing the polarity of the input power, 
inverters enable the efficient use of AC-powered devices 
and facilitate the transfer of electricity across different 
systems. Inverters are crucial in modern power conversion 
technology, offering flexibility and compatibility between 
DC and AC power sources [29-33]. 
Battery: 
A battery is an electrochemical device that stores chemical 
energy and converts it into electrical energy. It consists of 
one or more cells connected together, capable of producing 
a direct current (DC). Batteries are commonly used in 
various applications, such as portable electronics, electric 
vehicles, and backup power systems. They provide a 
convenient and portable energy source for a wide range of 
devices, enabling them to operate without being directly 
connected to a power source. 
Micro-Controller: 
A microcontroller is a small integrated circuit that contains 
a processor core, memory, and input/output peripherals. It 
serves as the brain of many electronic systems, providing 
control and processing capabilities. Microcontrollers are 
commonly used in various applications, such as embedded 
systems, consumer electronics, and industrial automation. 
They offer a compact and cost-effective solution for 
performing specific tasks, with the ability to interface with 
various sensors, actuators, and communication modules. 
The versatility and programmability of microcontrollers 
make them essential components in developing innovative 
electronic devices and systems. 
CT/PT: 
Current Transformers (CT) and Potential Transformers 
(PT) are devices used in electrical power systems for 
measurement, protection, and control. CTs measure high 
currents by decreasing them to manageable levels, ensuring 
safe and accurate measurement. Conversely, PTs step 
down high voltage levels to a standard value for precise 
voltage measurement. Both CTs and PTs play critical roles 
in relaying accurate electrical data to instruments, 
protective relays, and control devices, ensuring efficient 
and reliable operation of power systems. 
Voltage Control Unit: 
A voltage control unit is an electronic device that regulates 
and maintains a specific voltage level within a circuit or 

system. It monitors the voltage and adjusts it to ensure 
stability and desired performance. The control unit 
typically includes voltage regulators and feedback 
mechanisms to achieve accurate voltage control. It plays a 
vital role in various applications to maintain consistent and 
reliable voltage levels, including power distribution 
systems, electronic equipment, and renewable energy 
systems. 
Relay Unit: 
A relay unit is an electromagnetic switch that controls the 
flow of electrical current in a circuit. It consists of a coil, 
an armature, and contacts. The armature moves when the 
coil is energized, allowing the contacts to open or close. 
Relays are commonly used in various applications for 
switching high currents, isolating circuits, providing 
electrical protection, and controlling different components 
in a system. They offer a reliable and efficient means of 
controlling power flow and enabling automation in various 
industries, including industrial automation, automotive 
systems, and power distribution. 
Demand response in a renewable-dominated power system 
necessitates advanced load control algorithms to align with 
intermittent renewable generation. The system optimizes 
load management during response events by predicting 
energy and demand. It integrates renewable generation data 
to ensure the most efficient use of renewables. The 
software includes energy forecasting, demand prediction, 
and device control components. The control and 
communication layer coordinates modules and manages 
event scheduling. The system promotes grid stability and 
sustainability by efficiently balancing demand and 
renewable supply. 
 

V. FINDINGS 
 

Renewable Energy Variability Mitigation: Demand 
response programs have shown promising results in 
reducing the variability of renewable energy sources. DR 
reduced reliance on conventional power plants during 
periods of low renewable output by shifting electricity 
demand to times when renewable generation is high, 
ensuring a more stable and balanced power supply. 
Variable Renewable Energy Integration: 
Demand response was critical in integrating variable 
renewable energy sources such as wind and solar into the 
power system. DR enabled better coordination of energy 
consumption and renewable generation patterns, resulting 
in more efficient use of available renewable resources. 
Peak Load Management: Demand response strategies 
effectively managed Pique electricity demand. DR reduced 
strain on the power grid by incentivizing consumers to 
adjust their consumption during peak hours, reducing the 
need for expensive peaking power plants and improving 
grid reliability. 
Emissions of Greenhouse Gases Have Been Reduced: 
Demand response reduced greenhouse gas emissions by 
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allowing for increased consumption during abundant 
renewable energy supply periods. As a result, the reliance 
on fossil fuel-based power generation during peak periods 
was reduced, resulting in a greener and more sustainable 
power system. 
Cost Savings and Grid Stability: Demand response 
programs have resulted in significant cost savings for 
electricity consumers and utilities. Participants in DR 
programs benefited from lower electricity bills due to time-
of-use pricing, while utilities benefited by avoiding costly 
infrastructure upgrades to meet peak demand. Furthermore, 
DR improved grid stability by providing a mechanism for 
dealing with sudden fluctuations in renewable energy 
output. 
Customer Participation and Engagement: Consumer 
engagement and participation are among the most difficult 
challenges in implementing demand response. The study 
emphasized the importance of effective communication, 
education, and incentives to encourage consumers to 
participate actively in DR programs and maximize their 
impact on the power system. 
 

VI. FUTURE PROSPECTS 
New and more advanced demand response solutions will 
appear as the electricity system changes. Consider and 
incorporate cutting-edge demand response technology like 
smart appliances, home energy management systems, and 
thermostats. Examine their efficiency in boosting 
flexibility and demand response participation in a power 
system dominated by renewable energy sources. 
Investigate the use of demand response tactics in 
conjunction with dynamic pricing structures. Examine how 
time-of-use, real-time, and critical peak pricing affect 
consumer behaviour and demand response results. Analyze 
the advantages of maximizing energy consumption and 
lowering peak demand for consumers and the system [16]. 
Investigate how incorporating EVs into demand response 
systems can improve grid stability and aid the integration 
of renewable energy in light of the growing popularity of 
electric vehicles. Look at methods like vehicle-to-grid 
technology to enable two-way energy flow between EVs 
and the grid, enabling EVs to function as mobile energy 
storage units during periods of high demand. Add demand 
response in the commercial and industrial sectors to the 
research's expanded scope. Examine customized demand 
response solutions that consider these sectors' particular 
difficulties and potential as well as their distinctive energy 
usage patterns. 
Analyze the legislative and policy frameworks that support 
demand response in power systems that rely heavily on 
renewable energy sources. Analyze the contribution of 
regulatory incentives, market structures, and government 
policies to implementing demand response and its fusion 
with renewable energy sources. Examine the effects of 
various incentive systems on demand response 
participation. Conduct behavioural analyses to 

comprehend customer motives and obstacles to demand 
response adoption. Create successful reward schemes that 
promote customer involvement and active participation in 
demand response initiatives [17]. 
 In a power system with a high proportion of renewable 
energy sources and extensive use of demand response, 
cutting-edge simulation and modelling approaches are used 
to predict and assess future possibilities. Analyze the 
potential effects on the grid's stability, emissions reduction, 
and the energy system's overall efficiency. This Final year 
project can help advance knowledge of demand response's 
function in power systems that are dominated by renewable 
energy sources and offer insightful information for 
policymakers, business stakeholders, and consumers on 
how to maximize the advantages of clean energy 
integration while preserving a dependable and sustainable 
electricity grid by investigating these future research 
directions. 
Effectively handle sudden surges in energy and enhance 
customer reliability and trustworthiness. Minimize high 
energy usage during extreme temperature months, thus 
eliminating the requirement for costly and polluting 
equipment that is only utilized for a few hours annually. 
Enhance communication channels with customers 
concerning energy consumption and offer guidance on 
additional tools for managing energy usage and costs [18]. 
Optimize the utilization of renewable energy resources by 
harnessing their maximum energy potential. Numerous 
projects have been undertaken in recent years, 
encompassing various hardware and software solutions to 
address the problem. However, despite the diversity of 
these projects, their fundamental working principles 
remain unchanged. A proposal has been made for a 
Demand Response controller that aims to efficiently 
coordinate the functioning of various household appliances 
[19]. Its objective is to minimize the consumer's electricity 
expenses, ensuring they remain below a predetermined 
threshold while maintaining comfort. Extensive 
advancements have been made in modelling home 
appliances. 

 
VII. CONCLUSION 

 
Finally, implementing demand response in a renewable-
dominated power system holds enormous promise for 
addressing grid stability and variability and integrating 
renewable energy sources. Demand response, with its 
ability to shape electricity consumption patterns to align 
with renewable generation peaks, provides a versatile and 
effective solution for optimizing energy use, lowering 
emissions, and improving grid reliability. 
As we move toward a renewable-dominated power system, 
the case for demand response becomes more compelling. 
Flexible demand management becomes critical with the 
increasing share of intermittent renewable sources such as 
solar and wind in the energy mix. Consumers can actively 
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participate in the energy ecosystem through demand 
response mechanisms, transforming them from passive 
energy users to key stakeholders contributing to a cleaner 
and more sustainable future. 
Demand response can alleviate grid strain during peak 
periods and prevent the curtailment of excess renewable 
energy by incentivizing consumers to shift their electricity 
consumption during periods of high renewable generation 
and low demand. Furthermore, demand response systems 
can play an important role in reducing reliance on fossil 
fuel-based backup power, enhancing the environmental 
benefits of renewable energy integration. 
Collaboration among utilities, regulators, technology 
providers, and consumers is required to deploy demand 
response in a renewable-dominated power system 
successfully. Advanced metering infrastructure and smart 
grid technologies are critical to demand response program 
adoption. As we move toward a greener energy future, it is 
critical to recognize that demand response is not a stand-
alone solution, but rather an essential component of a 
comprehensive approach to energy management. To ensure 
the seamless integration of renewables and the reliable 
operation of the power system, a combination of grid-scale 
energy storage, renewable energy forecasting, and 
demand-side management will be required. 
In a renewable-dominated power system, implementing a 
demand response system is an innovative and effective way 
to address the challenges posed by intermittent renewable 
energy sources. 
Demand response represents a significant step toward 
achieving a sustainable, low-carbon energy future by 
empowering consumers and utilities alike to adapt their 
energy consumption patterns to align with renewable 
generation. WAPDA serves as the primary power source, 
while the battery acts as a backup source. The inverter is 
linked to the Panel and facilitates the seamless switching 
between these two sources. A microcontroller is 
responsible for gathering data from the current transformer 
and potential transformer and processing it to generate a 
control signal. This signal is then transmitted to the voltage 
control unit and relay unit, enabling the smart switch to 
control the activation or deactivation of the loads. 
Standardization plays a crucial role in bolstering the 
effectiveness of demand response initiatives. The Open DR 
standard is developing to support the necessary 
functionalities. This paper focuses on the optimized 
scheduling of flexible energy resources utilizing RTP. The 
primary goal of this optimization is to minimize the energy 
costs for residential end-consumers who possess an EV 
with vehicle-to-grid capabilities and three additional 
appliances. The aim is to achieve cost reduction without 
compromising comfort levels. The variation in RTP prices 
depends on the system's condition, and the end-consumers 
energy consumption, determined by the optimized 
scheduling, is influenced by RTP. As a result, consumers 
indirectly contribute to system stability and quality 

improvement by reducing their load during higher price 
periods and shifting it to lower price periods. 
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