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Abstract: The concept of Panchamrit Tree is a holy concept based on the combination of
different engineering platforms which comes together to bring a healthy change based on
sustainable and innovative concept mostly needed for improving the urban infrastructure.

This tree is a smart technology-oriented tree which is designed to face and overcome multiple
challenges under one roof by integrating different platforms into a single platform. It is
designed to sustain and address multiple environmental condition, generate green energy,
improve communication and helpful for public utility services.

The structure of this tree is wholly inspired through natural tree. The function of this tree is
almost same as that of natural tree as its entire system combines technologies based on advance
concept that is Artificial Intelligence (AI), Internet of Things (IoT), Renewable Energy based
Stand-Alone Power Supply (SAPS) System, Antennas for Communication System, Public
Utility Management System. This all together provides an eco-friendly and  smart city
management solutions. It is a self-sustainable system.

The model of this tree is incorporating Renewable Energy System (RES) in different manners
such as its leaves designed in the form of solar panel, Branches are designed to produce wind
energy, Bottom Stem have biomass chambers, Middle Stem have air purifiers system. Top Stem
have traffic signal control units, surveillance systems. Devices equipped with Al and 10T
systems along with different sensors helps to monitor real time data continuously. It keeps close
eyes on environmental parameters such as air quality, temperature, humidity, noise levels,
traffic density and energy consumption, enabling intelligent decision-making.
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The nodes of this tree are designed to serves for communication-based system which can be
used for public utility management system. It has Wi-Fi, Digital display information system,
Traffic Management System.

This tree also has Electric Vehicle (EV) charging system and Street lighting System. This
innovative solution contributes significantly to achieving sustainable development goals,
improving urban living standards, and creating resilient, energy-efficient and environmentally
responsible cities of the future.

Keywords: Artificial Intelligence, Internet of Things (IoT), Renewable Energy, Air
Purification, Street Lighting, Traffic Management, EV Charging Station, Sustainable Urban
Development, Real-Time Monitoring, Green Infrastructure.

Introduction: The idea of Panchamrit tree is taken from Hindu mythology where fourteen
precious gems came out after sea churning. The two trees that is “Kalpavriksha and Parijata”.
The rapid increase in modernisation and urbanisation in the cities worldwide with limitation of
land the entire world is facing a major challenge in the form of traffic congestion, overloads on
public utility services, heavy pollution in the environment, lots of jams, heavy demands in
energy. To overcome this situation the concept of smart cities has emerged now a days. It is
now becoming one of the promising major remedies to tackle or address these challenges. The
technologies-based solution has shown us a path to minimise these challenges up to an extent.

The Panchamrit tree is inspired from the slok taken from “Shree Mad Bhagavad Gita” Jee
mentioned in (Chapter 10, Verse 21).

“Sanskrit (Original Verse)”
TAfHsamfay Femmommg 2=t

“Hindi (Translation Verse)”

B affefer & e gl ¥ farsy ofR et & b= arer o &

T I argeaarsil B del SR FaE B Siafd =g I
“English (Translation Verse)”

Of the Adityas (the twelve sons of Aditi), [ am Vishnu; of luminous bodies,

I am the radiant Sun; of the Maruts (the storm deities), I am Marichi; and among the stars, I
am the Moon.

This inspire and knock to think and combine the technologies under one umbrella and design
a Panchamrit tree. This tree is a smart tree which is equipped with various technologies that
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aims to craft a self — sufficient, sustainable, durable and intelligent ecosystem especially
designed for urban area.

Fig 1: The Panchamrit Tree

This tree has RES system for generating Green Energy, Communication system, Air purifiers
system, Surveillance cameras, Street lighting, Public Addressing System, Digital Display
System, EV Charging, Traffic management system (Traffic Signals) controllers, [oT for sharing
real time data, A I to share, analyse and monitor the entire system. The requirements for predict
maintenance can be easily managed A.I techniques.

Overall, this tree represents a complete combination of different technologies that leads
towards the integrated methods to various technologies that is much demanded to manage the
smart sustainable system to overcome urban problem of congestion. This holistic proposed
system not only approaches to improve the quality of urban life but helps to uses and manage
cleaner, greener and more resilient cities for future generations.

Working Concept: The concept of Smart Panchamrit Tree is similar to normal tree where
different parts are essential for proper functioning likewise in Panchamrit Tree there are
different modules which are integrated together to form this tree. Basically, the Panchamrit
Tree is a multidimensional utility ecofriendly artificial tree which has RES, Communication
network system, environmental protection, intelligent traffic management, real time data driven
system, [oT Sensors, Air purification system, public utility and addressing system, A.I, EV
Charging as per the Smart City Technologies for sustainable urban and rural development.

Module 1: Hybrid Renewable Energy Source (HRES) for Generating Power

The Smart Panchamrit Tree works on SAPS system that helps to generate clean and green
electricity on through multiple renewable sources.
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a) Solar Power Generation: The leaves of tree are designed in the form of solar
photovoltaic plates for converting sunbeams into electrical energy and battery bank is
coupled with it for storage purpose and continuous operation.

b) Wind Power Generation: Small, Compaq and light weight wind turbines having vertical
axis and horizonal axis type of orientation which fans can be closed like an umbrella
are mounted along the limb, twigs and branches of a tree so that generation of power
can be continued in cloudy, rainy and at night time. As energy of wind can be converted
for generating electricity.

c) Biomass Energy System: The lower part of trunk can be used as biomass collection
where natural waste or organic waste can be put in (leaves, grasses, biodegradable waste
and residues of agricultural products). They biomass is processed through a biogas or
gasification unit to generate electricity. The residue obtained from biomass plant can be
used as a fertilizer.

Hence the three different methods of generating electricity in module 1 can supplement each
other and we can manage to store the generated energy in battery banks for further use and we
can obtain clean and green power.

Module 2: Communication System

a) Antennas: The top of the Panchamrit Tree a structure is designed where antennas are
installed according to the cluster so that peoples can get proper signals for
communication. This will enhance transmission of data and also support services like
Wi-Fi, 5G/6G small cell networks, hotspot, increase internet connectivity, emergency
communication services in public places.

b) Intelligent Traffic Signal Control: The tree is equipped with surveillance camaras, smart
traffic control systems sensors that works on real-time traffic flow which helps in the
reduction of congestion with minimum waste of time. It helps to reduce accident and
improve the ability of road safety.

Here the two systems used for communication system provides an upper hand to communicate,
improve traffic management system in a smart manner.

Module 3: A.l and IoT system

a) A.I System: The Al enable system helps to continuous and monitor the entire system.
It guides for the predictive maintenance steps, helps in handle smart energy
management system. The power generation and consumption can be closely monitored
by using Al-based energy controller. When pollution levels increase the Al based
controlled air monitoring sensors activate purification systems. The brightness level of
light can be automatically adjusted by using Al sensor which helps in energy saving.
Al based sensor helps to monitored the battery health and increases the life spam of it.
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b) IoT System: It helps to monitor the hole unit on real time basis. It transmits the data to
central cloud platform and enhance the monitoring and analysis system. The various
sensors based on IoT provides upper hand in monitoring and handling batter
management system (BMS), air quality index (AQI), traffic congestion and other useful
parameters.

Module 4: Public Utility Services

Public utility services are one of the major components of this tree. It helps to address, guide
and support the services related to public. The system helps us to avail services such as EV
charging, know AQI, traffic congestion, mobile charging station, Wi-Fi and internet, weather
information services and emergency call systems. It also enhances road safety by increase in
awareness and support emergency call systems

Module 5: Smart Energy Management

The concept based on handling smart method of energy management system helps us in street
lighting, decorative system, digital display of signals, AQI, public utilities, surveillances
system, boost communication systems, maintenance system along with battery management
system.

Panchamrit
Tree
Module -4 H

Fig 2: The Panch Structure Module

Financial Prospective: To do the cost analysis of this tree which is based on multi-effective
function we have to integrate all the five different modules in a single frame that is the
Panchmrit tree. Certain assumption is considered as a phototype on preliminary cost in term of
Indian Rupees (INR). The estimated cost of the following basis:
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Sr.No. | Components Cost in Lacs in
INR
1. Steel Structure for Tower frame work 425000
2. Solar PV Panel (4 KW) 275000
3. Wind Turbine (8%0.5 KW = 4KW) 240000
4. Biomass set up prototype 250000
5. Battery Bank 300000
6. Inverters 150000
7. IoT and A.I based Sensor and Controller 215000
8. Air Purifier System 135000
9. Smart Traffic Control unit 125000
10. Steet Lighting, Public Addressing System 145000
11. Digital Display System 75000
12. Communication equipment (Antennas, Wi-Fi, Networking) | 275000
13. EV charging Station Setup (AC,6-12KW) 265000
14 Cable and wiring Cost 125000
15 Earthing Cost 35000
16. Panel Cost 185000
17. Civil work Cost 175000
18. Transportation and Handling Cost 300000
19. Software integration and testing cost 165000
Total 3958000

Table 1: Cost of Components in Lacs

Contingency (Approx 10%) of overall cost that may very 36-44 lacs, therefore the cost of one
Panchamrit tree vary on the above basis from place to place.

Other factors that have to be consider on cost wise in INR

1. Annual maintenance cost of tree - 125000
2. Battery maintenance cost - 15000
3. Preventive maintenance cost - 105000
4. Software updating cost - 15000
5. Cloud and Data maintenance cost - 10000

Total Annual operation and maintenance cost - 270000

Now cost based on various assumption they may be considered as initial cost and annual
maintenance cost (AMC)

1. Initial cost of setup - 4000000
i. AMC - 270000

Net payback period - 5 years and Net annual profit 8 Lac. Now in terms of rate of investment
(ROI) on 10year basis
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From 1 to Syear recovery of investment (initial) - 0%, On 5" year Break Even Point (BEP) will
be achieved now from 6 -10year 100% return on ROI at the rate 8 eight Lacs per annum.

The AMC for the three years is nil as it comes under warranty period and after that it is
applicable.

Sr.No Year ROI %
1 0 -40 -100
2 1 -32 -80
3 2 -24 -60
4 3 -16 -40
5 4 -8 -20
6 5 0 0
7 6 8 20
8 7 16 40
9 8 24 60
10 9 32 80
11 10 40 100

Table 2: Year wise percentage of return

Break Even Chart showing initial investment and profit scenario

150
100

50

-50

Percentage of return

-100

-150

Year

Year ROI % in INR

Fig 3: Break Even Chart
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Architecture of Integration: The method of integrating all different five modules together so
that the combine together in a single structure and maximum utility can be derive from this
tree. The workflow according to the diagram

Modulel

RES (Solar-Wind-Biomass) + Battery

Smart Energy| Controller
(Power Management |+ Battery)

Module 5

Smart Energy Management Svstem

|

v

Module 3 Module 2 Module 4

Al&loT Communication Public Utility

Fig 4: Architecture of Integration

Steps by Degrees of Integration

Module I: This module is the main source of power generation and all the others module is
totally dependent on it for their smoothy operation. Here we have three different RES of power
generation which continuously generate power without any interruption in all whether
conditions which makes this tree a special one. The clean and green generated power is stored
in battery and smart inverters and power management system distribute the power to all other
modules according to their needs.

Module 5: This module is the spinal cord of the entire system. It plays a leading role after
module 1 i.e (source of power generation). It has Al and IoT based sensors and controllers
which sense, guide, function and operates that involve battery management system based on
charging/discharging, enhance the system of load balance without wastage, priority based
specific allocation of power, boost the power backup system. It decides and supplies power to
all the three different modules (2,3 and 4)
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Module 3: 1t is the brain of the entire system. Its main function is to collect the data from
various sources of the tree and filters and send it to the cloud centre. The Al helps to runs and
guide all the devices as per the needs. It also helps to monitor the whole system of the tree. [oT
helps the data to be accumulated in cloud on real time basis.

Module 2: Tts main function is to provide signals for communication, boost internet services. It
transmits signals and data to the clods and receive back. It is the heart of the tree which provides
various signal for communication.

Module 4: 1t is the user interface between system and users. It is guided with Al technology
which helps it to take smart decision. It has surveillance system, Charging system for EVs,
Traffic managements controls, Air purification, public addressing and others. Its senses,
visualize, monitors and acts accordingly.

Structure of Overall Workflow

Power Generation from Renewable Energy
Battery + Smart Management System
Smart Monitoring System equipped with Al & [oT devices
Communication System
Public Utilit%/ services

Sensors provide Real time feedback system

Fig 5: Overall Workflow Diagram
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PANCHAMRIT TREE

A Smart Sustainable Utility
Eco Friendly Management
Based System
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Fig 6: Overview of Panchamrit Tree
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Efficiency calculated on the Basis of 24 Hours (00:00 — 24:00) Uses: For calculating its
efficiency we have to consider the generation of power and consumption of it. As the tree is
self-efficient system that govern Hybrid Renewable Energy System (HRES). The overall 24
hrs efficiency can be found out by comparing the optimum utilisation of energy generated by
services that the tree is providing to the integrated system within it.

Calculation:

Power Generated = Sum of power generated from Solar, Wind and Biomass sources

(PG) = Z (Psolar + Pwind + P Biomass)

Power Consumed (Pc) = Y. Power consumed by various equipment installed for providing services

Power Losses (Pr) =) System losses

Therefore, Efficiency (n) =Y. (Pc) /Y (Pg)

= > Power consumed by various equipment installed for providing services

Z (P Solar T P Wind T P Biomass)

Percentage of efficiency, 1| % =2 (Pc)/ Y (Pg) X 100

Hence, the efficiency can also be found out in term of energy consumption

Efficiency = Energy Consumed / Energy Generated

T] =Y Ec/) Eg

Thus, Percentage of efficiency = (Energy Consumed / Energy Generated) x 100

N% = > Ec/ Y Egx 100

Sr.No. Different RES types for power generation Supposed Value
1 Solar 18 Kwh/Day
2 Wind 12 Kwh/Day
3 Biomass 10 Kwh/Day
4. Total energy generated 40 Kwh/Day

Table 3: Energy Generated in Kwh/Day
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Sr.No. Consumption of energy by various integrated Assume Value
sources
a. All energy consumable sources which are integrated in 36 Kwh/Day
it

Table 4: Energy Consumption in Kwh/Day
System losses = 04 Kwh/Day i.e. Energy losses in system

Thus, a practical assumption-based analysis for finding out the efficiency of Panchamrit Tree
may be calculated as:

> Ec=40
> Ec=36
Efficiency = Total Energy Consumed / Total Energy Generated

Thatis 1| = > Ec/ ) Eg

So,MN% = X Ec/ Y Ecx 100 = (36+ 40) x 100 = 90%

Time taken to find the overall efficiency on 24 hrs basis (00:00 — 24:00)

Here Kwh /Day = Kilowatt hour per day

Thus, Total Energy Generated = Total Energy Consumed + Total Energy Losses in System
Pc=Pr+PL ie.

40 Kwh /Day = 36 Kwh /Day + 4 Kwh /Day

Power Flow
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GENERATION ,CONSUMPTION & LOSSES OF POWER

Generation 40 Kwh/Day
Consumption of energy by various integrated sources 36 Kwh/Day

System losses 04 Kwh/Day

Fig 7: Power flow
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Power generated by Hybrid Renewable Energy System (HRES) depending of various whether
condition as assumed i.e. from Solar - 04KW + Wind - 04KW (0.5%8) + Biomass prototype on
daily basis.

Sr.No. Season Solar Wind Biomass Total
(kwh/day) (kwh/day) (kwh/day) (kwh/day)
1. Summer 24 06 10 40
2. Monsoon 09 21 10 40
3. Winter 18 12 10 40

Table 5: Energy Generated in Kwh/day in different season

Season wise Generation

Summer Monsoon Winter

2%

12 10
6

(kwh/day) (kwh/day) (kwh/day)

Solar (kwh/day) Wind Biomass Total

Fig 8: Season wise HRES power generation

Characterstics: This modern tree design is a live example in the field of engineering. It has
combined various branches of engineering under a single structure. It is equipped with various
technologies. Here SAPS is used in the form of RE which generate power so it is self-dependent
cum self-driven tree which itself generate power for its own. It produces clean and green
energy. The residue from biomass can be used as an organic fertilizer for cultivation of crops.
The smart power and battery management system helps to maintain the efficiency of this tree.
The IoT based sensors helps to gather, collect and transmit data on real time.Al based sensor
helps in power distribution, predictive maintenance and other works. The communication
system helps to communicate the things. The public utility equipment helps to address and
alerts the public whenever needed. The Air purification system clean the area. It filters and
settle down the dust particle having range from PM 2.5 to PM 10. Filters SOX mainly - Sulphur
oxide (SOz), NOX mainly — Nitrogen oxide (NO and NO») and also Carbon oxide mainly (CO
and CO2) and thus helps to improve the quality of the surrounding air. It also has EVs and
mobile charging ports station powered by renewable energy system of power generation. A.l
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based smart management system helps to prevents and overloads and increase the life spam of
the battery. loT based systems enable to monitors the status of charging even through far places
on real time. The Al based sensors are used to sense the luminous level intensity and turn
ON/OFF the street lighting system. The digital display system helps to aware the public
regarding temperature, humidity and whether forecasting system. The smart traffic
management system enhances the flow of traffic and reduce the jams and save times of all. The
cameras help to keep close eyes on various nearby activities and continuous surveillance. This
Panchamrit tree helps in reducing the road accidents and servers as a life saver system.

Protection Devices Needed: This tree is equipped with various safety devices which provides
protection and safety users interference. To protect the entire system various protection system
that are installed in it are

e Lighting Protection System (LPS): This system is mainly used to protect the structure
and various electronics devices or equipment from strikes that occurs during lighting.

e FEarthing & Grounding System: This protects the users from getting electrical shock
while operating the tree. It also ensures that fault currents can be grounded to the mother
earth in case of any leakage or dissipation.

e Surge Protection Devices (SPD): This system is used to prevent the solar inverters, all
the devices that are used for communication and sensors based on Al- [oT from surge
voltage.

e Circuit Breakers (MCCB, MCB and ELCB or RCCB): These all types of protecting
devices helps the system parts or circuits at different level of faults i.e.

a) MCB (Miniature Circuit Breaker): — Used for individual circuits protection
system

b) MCCB (Moulded Case Circuit Breaker): — Used for providing protection in
main power distribution system

c) ELCB or RCCB (Earth Leakage Circuit Breaker or Residual Current Circuit
Breaker): — Used to prevent the system from earth leakage faults

e Fuses — Used to protect from overcurrent in any from the supply current sources that is
in the form of AC (Alternating Current) or DC (Direct Current)

e BMS (Battery Management System) — Used to monitor health condition of the battery

e Switches — Used to switch ON/OFF the individual circuits

e E-Stop (Emergency Stop) Devices — Used to shuts down or stop the complete operating
system immediately during emergency

e Sensors — The different types of sensors are used for prevent the system from following
situation that may occurs during operation i.e.

a) Temperature Sensor: - To sense and monitor the level of temperature of various
devices installed in the system from overheating (batteries, biomass chambers
and electrical panels)

b) Pressure Sensor: - To sense and monitor the pressure level of windmills and
biomass chambers

c) Gas Leakage Sensor: - Its main function is to sense and monitor the leakage of
gases from biomass chambers
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e Relays: - Used to prevent the system from abnormal condition of voltage or current

e JoT and A.I Fault Detection based System: - This system is mainly used to prevent and
send alerts to the control unit.

e Fire Protection Devices: - This system sense, monitor and protect the system in case of
fire or smoke

e [Ps Protections: - Indicate the level of Ingress Protection used in the system i.e. [P65 or
IP66 type

Scope: The Panchamrit tree has a bright scope in near future. It is equipped with various
technologies under single stage. It can be installed in various such as in the centre of junction
of roads, railway station, market places, bus stands and other busy places. It is a smart tree that
can mainly be used in smart cities and have a future ahead in urban, semi urban and rural places
that is across PAN area of the entire country. It targets to provide an upper hand in the infra
process of urbanization while utilizing less space and supporting clean and green campus. It
has all the systems which generate, provide various services in a cohesive single system. It
helps in surveillance system which boost safety while providing real time data. It proves to be
a high assist system which has multipurpose uses.

Limitation: The design and method of assembling cum integrating various technology-based
modules under a single system is really a challenging task which required high skills for
operation. The integrate all the five modules for successful operation may faces many
complexities. The mainly problem that one can faces is synchronizing the whole system.
Another limitation may be face that is if any fault occurs then to find it the entire system has to
be turn off. The size, place and other condition always vary from place to place and every time
we have to change the design accordingly. The generation of power may vary due to various
whether condition in different places. The efficiency of air purification system may face various
according to the condition where it is installed for operation. Overall, the fusibility of the
Panchamrit tree may be justified on practical application of its uses in various conditions.

Conclusion: The Smart Panchamrit Tree is self-functioning human crafted tree which is built
with the combination of various field of engineering. It has smart intelligent based
infrastructure with beautiful architecture. It has various system which are integrated together
to work in a most effective way to redefine and restructure the nature. It has a smart energy
management system which keep close eyes on power production, distribution and utilization
to its full extent. It has three different system of generating clean and green energy, good
communication system, high internet connectivity, Wi-Fi based system, Air purification
system, public utility and addressing system, Intelligence traffic management system,
surveillance system, IoT based sensors for monitoring, Al sensors for predictive maintenance
system, Battery banks for storage. Overall, it is useful to manage the system with good
governance which minimises road congestion with high safety and reduces accident. It also
helps in reducing pollution and promote high standard index of living in a smart automated
system. It helps in making healthy environment and stands as an ideal cum unique one point
solution for future smart cities with fast and smooth mobility along with neat, green and clean
campuses
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