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Abstract 

Presently, the most pressing issue is to plan for the country's energy use and supply for the next 30 years. Carbon foot printing 

is another major problem that has an effect on public health, the environment, and the supply chain as a whole. It is critical to 

establish regulations that encourage creating energy hybrids that integrate several renewable power sources (such as 

hydropower, fuel cell technology, bio-energy, etc.) with conventional ones (such as wind and PV power) since everyone 

knows how vital Creating energy from renewable sources is the goal. Hybrid renewable energy production also allows for the 

creation of energy sources that are specialized to certain environments, including tidal and geo-thermal energy, which can then 

be installed as pico or micro-grid models. 
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Introduction 
Not only has the media made "carbon footprints" a popular 
"buzzword," but so have academics, policymakers, and the 
broader public. Ewing et al. (2008b) found that almost half of 
humanity's ecological footprint is attributable to carbon 
emissions. From 1961 to 2005, a tenfold increase in the world's 
carbon footprint, the largest demand that mankind has on the 
environment (WWF, 2008). It has been shown that different 
nations have different demands on Nature's resources and 
different biocapacity. This is especially true when looking at 
the carbon footprint, its causes, and the connection that follows.  
The term "carbon footprint" is the sum of all greenhouse gas 
(GHG) emissions produced by a process, product, or service 
throughout its lifetime of its lifetime, measured in CO2 
equivalents. 
As a greenhouse gas, carbon dioxide (CO2) raises the average 
surface temperature of the Earth whenever its concentration in 
the atmosphere grows. Global warming is the name given to 
this phenomenon. Global warming is a well-documented 
phenomenon, with the Arctic and Antarctic areas showing the 
most pronounced warming trends (Ziock, 2010). A rise of 4 to 

6 degrees Celsius in average world temperature is possible 
during the next half-century if current trends continue and 
atmospheric CO2 concentrations are not stabilized. 
Lowering emissions and shifting toward decarbonized energy 
sources are two of the most critical environmental protection 
objectives. An excellent One approach to producing sustainable 
and affordable power is to combine the most lucrative 
renewable energy sources, such hydropower, wind, and 
photovoltaics, together blended installations that may be 
enhanced with energy storage. Wind, solar, and hydraulic 
energy may all be combined to achieve this goal. An electrical 
interface is necessary for integration to convert the two types of 
power sources, solar and wind, since they each provide DC 
current and AC current, respectively and eliminate system 
errors. 
Sustainable and renewable energy sources include friendly and 
infinitely replenishable. They are essential to the fight against 
climate change and for universal access to energy, two of the 
primary objectives of the United Nations' Sustainable 
Development Goals (SDGs) and the Paris Agreement. It is now 
obvious that these goals cannot be achieved without hybrid 
power plants, which integrate the best features of two 
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renewable energy sources (e.g., solar and wind) to provide a 
more stable electrical supply.  
A hybrid power system is one that uses a single connecting 
point to generate energy from many sources, the majority of 
which are renewable. There is a limit to how much energy can 
be reversed, regardless of whether the total power generated by 
hybrid producing modules exceeds the evacuation capacity. A 
more reliable and efficient supply of electricity may be 
achieved by a hybrid power plant, which can utilize solar 
energy while the sun is shining and energy from another 
source, like wind, when the weather is cloudy. Due to the 
novelty of power generation via renewable source 
hybridization, there is a lack of specific regulation on the 
subject almost everywhere in the world at the moment. As one 
of the first countries to do so, according to their projections, by 
2022, India would have produced 100 GW of solar electricity 
and 60 GW of wind power. Its specific policy goal has been to 
provide the groundwork for the construction of massive wind-
photovoltaic hybrid systems from 2017. 
 
Literature Review 
Islam et al. (2020) [1] By addressing Optimal Power Flow 
(OPF) problems with several and one goal, introduced the 
Harris Hawks Optimization (HHO) technique for regulating 
fossil fuel emissions. To tackle the algorithm challenge, 
mathematicians looked at how hawks pounce on fleeing prey: 
by coordinating their movements and using dynamic chasing 
patterns. Because its exploration and exploitation capabilities 
are not balanced, the HHO algorithm converges too quickly 
and becomes stuck in local optima.  
Barakat et al. (2020) [2] discussed the optimization of a grid-
linked fusion WT or PV- based system to provide enough 
electricity to a rural region in Egypt throughout the year, 
regardless of the weather. In order to maximize the Renewable 
Energy Fraction (REF) of the system while minimizing power 
supply loss and cost, the multi-objective PSO approach was 
used to determine the ideal component combination. 
Environment, renewable energy, and economics were all 
factors included in the MOPSO research, which aimed to 
optimize particle swarm optimization with multiple objectives. 
When applied to high-dimensional problems, its sluggish 
convergence rate and ease of sliding into local optimum are 
major issues space, the PSO method is not ideal for iterative 
problems. 
An optimal hybrid approach to guarantee power fluctuation 
was suggested by Roy et al. (2020) [3]. The ANFIS and the 
ASOA were used in the hybrid technique. The optimal MG 
combination was determined by ASOA based on the 
anticipated load. We utilized The ANFIS system will be able to 
monitor the necessary load of the MG-connected system 
simultaneously. Costs were reduced and RES were improved 
using this method. There are issues with the ASO algorithm's 
convergence rate and local stagnation. Finding the placement of 
a membership function in ANFIS is complicated and has a high 
computational cost. 
In a remote area of Tamil Nadu, Murty et al. (2020) [4] 

examined microgrids that used hybrid energy sources, optimal 
energy dispatching, capacity, and the technical and economic 
advantages of a single microgrid. Emission reduction, 
operational reserve, 0% unmet energy demand, while reducing 
COE and NPC to an acceptable level as measured by the LPSP 
reliability index examined aim functions. An important factor 
impacting NPC and COE was the price of diesel fuel for DGs. 
Diesel generators release a lot of carbon dioxide into the air. 
Chauhan, A. et al. (2022) [5] A hybrid renewable energy 
system's techno-economic performance evaluation was 
designed by and executed utilizing the tools of HOMER Pro 
and PVsyst. It is difficult to get data for various electric loads. 
The demand side management is also disregarded in the 

process of finding the ideal dimensions for a hybrid system that 
is linked to the grid. 
 
Hybrid Energy Generation 
The federal government estimates the future generation of 
renewable power and then puts it on the market to determine its 
worth as part of a renewable quota scheme. Tendering systems 
and inexperienced licensing devices are the two options for 
renewable quota systems in standard. The most cost-effective 
consumers will often get a fixed amount of renewable energy 
via long-term power order contracts announced as part of an 
authority program as a result of bidding campaigns. 
Underbidding and then failure to complete assignments by 
earning bidders is the usual reason this scheme has failed and 
has since been forgotten. The Traceable License system is 
another option for quota systems.  
It is common practice for electricity producers or end-users to 
be required to source or use a certain percentage of renewable 
energy in order to meet the amount of renewable power that is 
required by various government programs. They are required to 
provide the anticipated number of TGCs in order to 
demonstrate compliance. Agents in the TGC sector may 
purchase these certificates, or you can gain them by ordering 
and operating renewable energy herb or by obtaining 
certification from other renewable energy producers. How 
significant the TGC is at the moment is determined by the 
market. Regular energy trading allows individuals to decide on 
the advantages of electricity, and the TGC adds value to 
oriental electricity. In windy nations, the cost of wind energy is 
now cheap and will become even more so as power prices rise 
and value is offered. The current market price for fossil fuel 
plants is 8.64 cents per kilowatt-hour. 
Using various software tools and techniques such as Genetic 
Algorithm, HOMER tool, MATLAB, etc., the optimal design 
of PV-Wind hybrid devices is created by considering a range of 
system efficiency guidelines, such as total annual price, 
reduction of power source possibility, level of sensitivity 
evaluation, market demand part administration, reduction of 
deficits, and pollutant emissions.  
Both the functioning and output power of HRES will be 
affected by the weather conditions that follow. Lower 
responsiveness from PV and wind source insight data has 
resulted in insufficient power from the hybrid program's output 
and battery backup to meet the requisite load demand.  
There are a lot of moving pieces in an HRES, and each of those 
parts-a renewable source, a backup unit, and a DG-will have its 
own unique set of features. Consequently, managing the 
dynamic nature of each component of the system is very 
critical. It is possible to acquire an optimum solution at higher 
trustworthiness and lower HRES cost by using an appropriate 
control strategy. The controller is an essential component of 
HRES as it keeps an eye on and controls a variety of load-
related variables, including the output voltage, frequency, and 
energetic power as a function of various power factors.  
Whatever the case may be, the source provides its own 
controller, the focal point of attention on Substantial method of 
the associated component with current tips. The primary or 
centralized control planning in the central control setup handles 
the indicators of energy sources and the backup device of the 
HRES.  
Worldwide search engine optimization by value to all available 
data can often come to manage a lot of power aspect 
arrangements. Because it may be related to certain end goals, 
the centralized product has the drawback of requiring a lot 
more computing time. The next approach is the one known as 
"allocated control," which involves using a single power source 
that is connected to all of the components via a separate 
localized system. This allows for the exchange of dimension 
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data. Global search engine marketing analysis is another area it 
helps with.  
Despite its many positive features, such as a low computational 
burden and complete lack of incapacity, this sort of control unit 
has the drawback of a lack of consistency in its marketing 
messages. Several available AI technologies may help 
overcome the challenges of the giving-away control paradigm. 
It is well suited for the multi-agent program-centered methods. 
Another kind of control is the hybrid control strategy, which 
combines decentralized and centralized control methods.  
The aforementioned two control techniques may be combined 
to form a hybrid control unit, which contains both local and 
global optimizations. There is far less cause for disaster with 
this control procedure. A significant challenge for details 
transformation systems may be a drawback of this approach. In 
most cases, the prior method is a multi-level process, and its 
operation is based on the same precise principles as a hybrid 
control strategy, which excludes both more program control 
and work based on current data.  
A marketing approach based on evolutionary computation 
techniques, it was developed in 1995 by Kennedy and Eberhart. 
It has extensive investigational potential by making use of a 
particle population that is dynamically altering in three 
dimensions at the same time, with locations and speeds that are 
always changing.  
In this method, every particle denotes a possible response. In 
the event that used for SA-HRES, they develop into appropriate 
system designs. The PSO method iteratively develops linked to 
two ideals, P and G, for all pollutants, starting with an arbitrary 
initial population. Out of all the exact flawless placements that 
have been received recently, "P" is unquestionably the finest 
va. If, during the iterations, the newly determined end-of-
contract requirements are satisfied, the PSO algorithm ends. It 
is a solid convergent algorithm with numerous positive 
elements, such as simple PSO code, ease of usage, big 
convergence velocity, little storage needs, and relatively less 
dependent on the main society compared to other approaches.  
All these factors contribute to the fact that the PSO approach is 
often used for SEO purposes with SA-HRES. A small number 
of authors have looked at NSGA-II and other methods in the 
literature to determine how effective techno-economic search 
engine marketing is for a PV-wind hybrid program in terms of 
total program expense, system autonomy level, and lost energy 
prices, and they've found that this algorithm gives better results. 
With the goal of lowering the yearly gross system expenses 
and, by extension, the reduction of electric power source 
possibilities, the author developed a genetic algorithm-based 
ideal dimension model.  
Discovering several trade-off solutions to a single simulation 
was the first accurate use of an evolutionary algorithm (EA). 
As it works to improve the purpose action, the evolutionary 
algorithm's control iteratively improves the algorithm by 
maintaining populations of response units and humans. By 
lending its weight to medical inquiry, EA echoes the 
evolutionary principles of character. In light of mounting 
evidence of the risks posed by the human local climate switch, 
decarbonization programs aim to disentangle economic growth 
from environmentally detrimental factors. The lack of load-
following overall flexibility compared to conventional fossil 
fuel power production is a major drawback of many low-carbon 
generating options. For renewable power sources that rely 
heavily on the elements, this is often the case.  
In this scenario, the primary energy sources-wind and solar-will 
be subject to change, often unpredictable, and, most 
importantly, a general lack of the inherent energy storage 
associated with fuel-based generating. Thus, climate-centered 
efficient generation may be turned down when demand is low, 
but it lacks load-following mobility since it cannot be turned up 
when the most critical energy source is unavailable. One 

cannot, for example, sell wind or sunlight as individual beams 
of the sun since they are fundamental forms of energy. 
As an inherent property of most fuels is the ability to store 
energy, this is a simple yet effective idea. Considering their 
affordability, availability, energy density, storage ease, 
transport and charge efficiency, simplicity, and convenience of 
vehicles, fossil fuels will constitute a substantial portion of the 
primary energy source for numerous electrical power systems. 
In the past, fossil fuel reserves were widely preferred as 
electronic energy storage locations due to the cheap relative 
cost of storing electro-mechanical energy in these reserves 
prior to their translation to energy.  
For many generations, people have harnessed the power of 
water, turning it into generators via the use of water tires. The 
concept has grown, and the dominance of water as a power 
source remains. Examples of large-scale dams that are being 
used to power activities of this magnitude are the Grand Coulee 
Dam and the Whirlpool Dam. A clean, practical renewable 
energy source is what the modern world needs. Implementing 
micro hydro power projects is often a viable alternative for 
many situations.  
A variety of factors, including location, species, and end use, 
influence the development of processing methods for algae. 
Concerns and speculation about the potential for procedural 
scale-up in response to the expanding algal biofuels market 
have contributed to the general public's lack of confidence in 
the industry's near-term economic feasibility, according to 
research.  
Extremely high levels of carbon dioxide in the growth medium, 
together with vigorous air movement, recirculation, and 
shooting, are required for microalgae production. Surprisingly, 
fossil selections proved to be practical despite the great 
questions. Research such as this will help to identify potential 
external factors that might affect the financial feasibility and 
longevity of micro-algae idea implementation, even if these 
factors are not yet fully consolidated.  
A potential reduction of 70% in power consumption at the OP2 
agricultural level would reduce greenhouse gas emissions by 
42% relative to the total product, leading to 0.85 kg CO₂ 
emissions, making this scenario preferable when compared to 
the best fossil fuel option. In the context of energy harmony, a 
precise reduction in power consumption may represent a 
scientific milestone, leading to the feasibility of the problem 
OP2 and achieving a NER of 1. If the microalgae NER is more 
than 1, it will achieve self-sufficiency in energy generation, 
effectively reducing greenhouse gas emissions via the reduction 
of fossil fuel-generated power. Greener and more cost-effective 
options may come together, as this simulation demonstrates.  
The results of this analysis confirm that micro-algae biomass 
has energy potential, but they also highlight the critical need for 
reduced energy, fertilizer, and other recommendations, such as 
flocculants. Energy production from micro-algae biomass may 
be financially and environmentally stable if a good energy 
balance is achieved. This research demonstrated that by using 
CO₂ leftovers, additional nutrients from other processes, and 
other energy sources, substantial improvements in energy 
stability and reductions in GHG emissions are possible, 
increasing the likelihood of this concept's cheap industrial use. 
Further research may shed light on certain topics, such as the 
following: the effects of regional efficiency prices and property 
use on various areas, the feasibility of comparing this source to 
others, and the various pathways for transforming biomass 
energy into biodiesel, bioethanol, and biomethane. 
 
Proposed Research 
The current need for energy is largely attributable to the fact 
that the global economy is growing at the same rate as 
technological advancements. In addition, we must decrease our 
reliance on foreign power sources, which is another factor 
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driving demand for local resources. The increasing interest and 
need for alternative energy has accelerated research and 
applications in the field. Over the last several years, a number 

of specialists have examined the design, marketing, 
performance, and regulatory aspects of hybrid green energy 
systems. 

 

 
 

Fig 1: Integrated Energy Sector with heat and power 

 
Let’s assume „x‟ the likelihood that LF energy is often used to 
power a location. So, what if ‟ the total amount of data center 
sites that will be driven through „PQ‟ energy as well as, „Xd‟ 
the probability concerning this multitude becoming „d‟. This 
chance is usually provided by means of: 
 

 
 
Given „P‟ the carbon footprint of the total usage phase of a 
single site when powered exclusively by PQ energy and „R‟ 
the amount of carbon dioxide released while running on 
renewable energy alone. After adding together all of the sites' 
use footprints, we get: 
If the number of places that have PQ energy accessible is more 
than or equal to n, then: 
 
Ru = nP  (2) 
 
The first method to combine the heating and cooling needs of 
separate process units in a final developing plant was Total Site 
Targeting. Goals for steam consumption and generation from 
all of the individual processes, heat recovery from the vapour 
system, and vapour needs of the boiler, and the likelihood of 
cogeneration. In order to determine the total site power 
program needed the approach sorts the ground according to a 
target-based pattern series, in addition to meeting heating and 
cooling needs with the aid of the steam-based structure and 
power preferences. A process's waste heat may be used as a 
heat source utilizing the Ultimate Site focusing method. 
 

Table 1: Total site time-series analysis 
 

Year 
Power 

Consumption 
(MWh/year) 

Wind 
Energy 

Generation 

PV Energy 
Generation 

Wastewater 
Energy 

Generation 

2019 4,245 1,542 1,956 747 

2020 
3,892 (Covid-19 

impact) 
1,541 1,958 402 

 

A Regionally Enclosed Energy Sphere, which applies a similar 
concept to the assessment of heating and cooling needs in a 
larger physical area, is also an option. In the Lays, heat sinks 
and resources may come from anywhere: small businesses, 
large structures, office buildings, and even people's houses.  
Problems like using a lot of energy methods, the benefit of 
dimensions expected to the large expenditure expected for such 
information, and interrupted energy development through green 
means can make optimization for hybrid alternative energy 
program marketing difficult. Optimal hybrid renewable energy 
styles, characterized by higher reliability and lower release, are 
often required to meet technical goals. 
Increasing the supply of electricity, minimizing emissions, 
minimizing expenditure, and simple minimization performance 
% are just a few of the numerous complicated goals that will be 
described in the literature. By considering the many variables 
about the PV and wind resource shifts in the optimization 
process, we can determine the optimal hybrid system sizes with 
minimal annual cost. A hybrid alternative energy program's 
pattern, approach, and analytical strategy are described by the 
author. An investigation was conducted to determine the 
durability factor of solar power PV herb and wind generator 
creators before designing a maximum hybrid system model to 
reduce the cost/productivity ratio. In most cases, the best setup 
may be found by optimizing in order to minimize the total net 
current cost, a genetic algorithm is used. 
Working with PSO, the load and water requirements may be 
met by a specialized hybrid system desalination demands, and 
the results will be compared using the Homer program. To 
acquire a number of limitations were taken into account while 
determining the optimal hybrid system design., such as the 
gravimetric penalty price for CO₂ release, the component cost 
of CO₂, and the total yearly program component power use. 
When designing a grid-linked hybrid system, it is common 
practice to use a multi-purpose genetic algorithm strategy to 
address the needs of a small network in a cost-effective 
manner.  
Because there is a wide range of possible interpretations, the 
trustworthiness approach cannot be reduced to a single 
explanation. The description of the safe and sufficient 
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distribution of electrical energy to consumers via the power 
system may therefore remain even more important. Program 
security and system adequacy are both included in this 
category. To be adequate, a system must have sufficient 
establishments to meet the need of its users, be free of complex 
program issues, and not suffer from either persistent or 
temporary problems. To produce enough energy, these facilities 
will be necessary, and to transport and circulate that energy to 
the consumer load points, they will also be necessary.  
The capacity of a program to respond to disruptions and 
maintain stable working states is often what is meant when 
people talk about program security. When it comes to 
evaluating sufficiency, The literature on dependability 
evaluation offers a number of probabilistic methodologies that 
may be used for this purpose as well. Despite the system's 
reputation for being more complex, the capacity to model it 
with respect to the level of protection and assess its security is 
rather limited. Consequently, dependability indices have 

replaced adequacy indices in the bulk of other literatures. 
Program element access and potential, uncertainties, load 
characteristics, system structure, business situations, etc. a few 
of the numerous aspects revealed by adequate signals.  
Determining the stability overall performance of a generation 
program in relation to certain established minimum amount 
requirements and trustworthiness requirements, assessing 
alternative models, pinpointing problem areas and deciding on 
methods for system modification, and finally, integrating 
charge and overall performance for decision building are all 
covered by reliability indices. When evaluating the reliability 
of a power generating program, the three most common metrics 
are reductions in electric power resource likelihood, loss of 
load demand, and energy requirement.  
Pune, Maharashtra has been chosen as the location for carbon 
footprint collection. Forty carbon trust meters were used in 
total. As part of the municipal corporation area, readings were 
obtained at forty specific locations.  

 

 
 

Fig 2: Representation of Total site analysis (N=40) 

 

 
 

Fig 3: Representation of Wind, PV and waste water energy generation (RE=3) 
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Fig 4: Representation of MPPT site 

 

 
 

Fig 5: Average Load Profile 

 

 
 

Fig 6: Representation of Reduced Carbon Foot Printing (black box) 
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In order to handle unforeseen events, such as a sudden spike in 
demand or the loss of production models, any power supply 
program often needs an operational preserve. The term 
"working reserve" refers to the available operational entire 
capacity that is excess and can react instantly to a sudden 
increase in the electric powered demand or a sudden decrease 
in the green power result.  
 
Conclusion 
We provide an estimate and assessment of the friend carbon 
footprints of Pune zones in India. We further explain their 
variation by economic, demographic, and cultural aspects. 
There will be no contradiction between our efforts to reduce 
severe poverty and driven climate change mitigation in India as 
we show. Nonetheless, the results of this study suggest that CF 
reduction recommendations in India should target homes with 
high expenditures. It is clear that national and international 
climate policies need to distinguish between individual 
responsibilities for climate change in light of the enormous 
differences in carbon footprints among Indian citizens. In the 
power supply sector, Greenhouse gas control often involves 
renewable energy sources, and it also offers a great chance to 
reduce CO2 emissions. In 2050, efficient energy is expected to 
have a total CO₂ mitigation potential that exceeds 4000 million 
tons, which is typically much more than that of nuclear power, 
which is mostly used for functional development. 
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