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Abstract

Increasing internal combustion propelled vehicles in urban and rural areas has
given rise to many adverse effects such as emissions of harmful pollutants like
hydrocarbons, nitrogen oxides, carbon monoxide and particulate matter which directly or
indirectly affects human health. A busy lifestyle and less exercise can lead to physical
problems. To reduce use of fossil fuel and health related problems Human powered
vehicles are one of the practical possibilities for sustainable transport systems. The vehicle
which is driven by human power i.e. muscular power will provide an immediate solution
to fuel limitations and pollution caused by conventional fuel propelled vehicles. Although
much research has been done on electric bicycles, more research is needed on speed,
power sources, batteries, charging methods, bicycling facilities/infrastructures, rider
comfort, and safety. This paper focuses on the improvements needed in the field of electric
bicycles such as energy sources, Electric motors, Control method, Transmission, Charging
methods, Safety, infrastructures and ergonomics etc.

Keywords: Human powered vehicle (HPV), Electric vehicles(EVs), Electric
Bicycle(EBs), Effortless bicycle, sustainable mobility; future mobility etc.

1. Introduction

Environmental pollution is a big issue caused by exhaust emissions of fossil-
fueled internal combustion vehicles. Many countries are planning to reduce use of petrol
and diesel vehicles. All over the world research is going on to reduce environmental
pollution caused by the automobile sector. Electric vehicles are the best solution to reduce
environmental pollution but still many power plants which are using coal as fuels lead to
pollution. There will be a large number of electric vehicles in the future. The electric
vehicle is still in the developing stage, Cost of the electric vehicle is still high and its range
is less. It is necessary to develop such a type of transportation system which should be
affordable, environmentally friendly and safe. Electric bicycles are environmentally-
friendly, having zero-emission and many benefits among electric vehicles. Electric
bicycles cost less; require less maintenance and also health related benefits. The use of
electric bicycles is encouraged in most countries. Separate infrastructure has also been
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created for this. Due to the health of citizens, zero emission environment friendly electric
bicycles do not require licenses and taxes in most of the countries. Electric bicycles are
generally classified into pure e-bicycles, power-assisted electric bicycles and combine
mode. Electric motors used to drive the wheel of electric bicycles. Speed of an electric
bicycle is controlled by controlling electric currents through a handlebar throttle. The pure
EBs may be used as a hub motor or in some cases a motor installed on the frame and
power is transmitted to the wheel through the drive mechanism. The use of electric motors
in power assisted cycling helps the rider to cycle. This means the driver can cycle in low
power. In combine mode electric motors and muscle power are used together. In pure
mode only electric motors are used and in power assisted mode driver and motor power are
used. Much research is still being done to improve performance of electric bicycles. In
order to provide research of EBs, this review paper presents development needed in the
field of electric bicycles.

2. Energy sources of electric bicycles.

The muscular power, electric battery and solar energy are the energy sources of an
EBs. Solar energy is still in the developing stage and it is having great exposure in the field
of EBs. The most widely used energy source in electric bicycles is the battery. Battery is
the heart of electric bicycles and its important properties include high energy density, fast
charging, light weight, long lifespan, discharging, safety, recycling, Eco-friendliness and
low cost. The patent of a zinc-carbon battery filed by Hosea W. Libbey which was then
used for the EB in 1897 [4]. Lead-acid battery, Nickel-metal hydride battery, Nickel-
cadmium battery, Lithium-ion battery, and Lithium-ion polymer battery were commonly
used in electric bicycle and still having research exposure in storage capacities, charging
and discharging rate, weight reduction, life of battery and safety. Other power sources like
fuel cells, zinc batteries and sodium batteries can be used for EBs. Fuel cell efficiency is
high, so researchers are focusing more on this. Due to the use of fuel cells it can cause
more travel in a single charge. Hydrogen is expensive, it is explosive and difficult to store.
Using it in the electric cycle can be challenging for researchers [1].

3. Electric motors

Electric motors on EB are generally classified into brushed DC and brushless DC
(BLDC). Brushed DC motors are cheaper and stronger but they are heavier and noisier. In
addition, they need frequent maintenance. Compared to DC motors, BLDC motors are
lighter in weight, less noisy and have less maintenance. According to the location of
motors, electric motors are classified into rear wheel hub motors, front wheel hub motors
and in a mid-drive position. Researchers have challenges while developing motors like
speed, torque, wheel slippage and uniform weight distribution for smooth function of EBs

[1].

4. Control method.
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EB's performance is improving due to electric motors and its control methods.
Most of scientists presented research studies on operating performance of EBs. Their
research helps to investigate the dynamic characteristics and optimize the power
requirement of an electric bicycle. They have used different controlling systems such as PI,
PID, Fuzzy PID, Hybrid Fuzzy and NMPC for effective and smooth functioning of EBs.
Effective control of solar batteries and pedaling forces is a challenge for researchers as the
smooth and effective function of EBs [1].

5. Transmission

The transmission system is a basic system that affects the dynamics performance
of the electric bicycle. The EBs transmission systems provide different outputs for the
input of the gearbox. As per the design requirement location of the gearbox varies and it
can affect the performance. Hung and his team presented an experiment and simulation on
the operating performance of a semi-automatic transmission system of EBs [2]. Abagnale
et al. showed the motion transmission for the simple bevel gear and planetary gearbox
and[5].Wu and Sun designed and developed speed-wheel hub motors which made
transmission systems more compact[6]. Transmission systems play an important role in
EBs and still have their challenges for speed and torque of EBs.

6. Charging methods and charging stations.

Good charging methods and charging stations will promote the use of EBs in the
future. The constant current [7] and constant voltage [8] are the charging methods of EBs.
Later on, a combination of constant current and constant voltage came to charge the EBs.
The overheating problem and charging time reduced, also improved the life of the battery
[9]. The charging method of EBs is also classified into plugged in and wireless charging.
Inductive power transfer systems are used in the Wireless charging methods [10]. Wireless
charging is safer because of no physical contact. It is maintenance-free and unaffected by
any type of chemicals, water and dirt. Availability of charging stations along with suitable
charging methods will contribute to the EBs market.

7. Cost of Electric bicycle

Battery, electric motors, electronic control units and other accessories increase the
cost of electric bicycles. Cost of the battery is more and the range of an electric bicycle
battery is up to 25 to 30km. Average time is 4 to 5 hr. required for charging and the
battery can be charged up to 1000 cycles. The running cost of electric bicycles is less but
because of limited battery life leads to increase in the maintenance cost. Research work is
necessary in optimization of design, performance of battery, effectiveness of motor and
control systems which will affect the cost of EBs [1].

8. Bicycle aerodynamics and ergonomics, Infrastructure



After realizing that wind is an important source of cycling resistance,
aerodynamics and driver position were used in cycling. Fabio Malizia presented a review
paper in which he elaborated the components of bicycle and its speed performance
according to the ergonomics [17]. He also focused on his next studies cycling flows,
cyclist wearing components and aerodynamic interaction [19].Shih-Wen Hsiao presented
concept “fitting object to the human body”. In which he designed bicycle frames and
proposed a table of frame size for common bicycles [20].V. Balasubramanian presented
his studies about the investigation of muscle activity during cycling. In which he
experimented on different bicycles and he came to the conclusion that suspension cycling
feels more relaxed as compared to rigid and sport bicycles [21]. Hongliang Ding et al.
presented study on cycle path for safety of bicycle and his study is useful for bicycle
infrastructures which improve the bicycle safety and reduce accident.[11]. Rider safety
and Development of infrastructure is the most challenging field in development of high
speed electric bicycles.[11-16]. Redesigning electric bicycles is necessary to avoid rider
fatigue and it will provide more safety along with driver comfort. In the EBs, the main
resistance is wind and the main challenges of researchers to develop bicycles which will
reduce it.

9. Conclusion

Due to the many advantages of electric bicycles, there may be huge demand in the
future. These research areas can be useful for manufacturers and researchers for the
development of electric bicycles. These research fields could be providing good references
for readers, manufacturers and researchers to develop their electric bicycles according to
the research ideas. EBs have many challenges such as safety and rider comfort during
riding, battery range, infrastructure which include charging station and battery recycling.
Battery waste is going to be one of the biggest environmental challenges of the future.
Although electric bicycles are environmentally friendly and useful for health, research in
torque, batteries, ergonomics, bicycle infrastructure and aerodynamics will be important
for the electric bicycle market.
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Abstract.

Active air conditioning system consume a significant amount of electricity for cooling
application, therefore it is necessary to investigate low-energy consuming cooling systems such
as evaporative cooling. The objective of this paper is to give an overview of evaporative cooling
as well as a design for an in-direct type evaporation cooling system. This paper describes an
evaporation type passive cooling system and uses Evapcal software to design an in-direct type
evaporation passive cooling system. A hospital building in Karnataka's eastern region was
studied as a case study. It was observed that the in-direct type evaporation cooler system's air
output temperature and relative humidity will be 25.4 °C and 53% respectively. During summer
season, indirect evaporative cooling system provides comfort condition for 60% of operational
hours.

Keywords. Evaporative Cooling, Evapcal, Indirect evaporative cooling

1. INTRODUCTION

The buildings uses large amount energy out of total energy consumption worldwide. Cooling
accounts for large amount of energy consumption out of total building energy consumption.
Existing vapour compression system uses large amount of electricity for cooling purpose. To
reduce the electricity consumption for cooling, evaporation type passive cooling systems can be
used to replace the existing mechanical vapour compression systems. The two main types of
evaporation based cooling systems are direct type evaporation passive cooling and in-direct type
evaporation passive cooling. Direct type evaporative cooling occurs when air molecules comes
into direct contact with water particles, cooling the air and adding moisture to it. In an in-direct
evaporative cooling process, product air passes through a dry passage while working air passes
through a wet passage and the product air is cooled without addition of water particles. When
compared to an active air conditioner, an evaporation kind cooling system can save up to 60%
of energy [1].

Nomenclature
DB, Output air dry bulb temperature
DB; Input air dry bulb temperature
WB,; Input air wet bulb temperature
LPH Liters per hour



2. DESCRIPTION OF EVAPORATIVE COOLING SYSTEM
2.1 Direct evaporative cooling (DEC)

Figure 1 illustrates configuration for direct evaporation type cooling. As depicted in figure 1, in
direct evaporation based cooling treatment, water from the sump is pumped by recirculating
pump and sprinkled over on cooling pads through which inlet air passes and transfers heat along
with water molecules. When atmospheric air passes through cooling pad, where air molecules
makes direct contact with the water particles, water particles absorb the sensible heat of the air
so that air get cooled and water particles vaporizes and added to the air. Figure 2 depicts a
psychrometric chart, depicting the direct type evaporation based cooling method. The
effectiveness of the direct type evaporative cooling method is[2]

Effectiveness = % €))
For direct evaporative cooling effectiveness lies between 80 - 90%. Effectiveness is depends
on type of cooling pad, depth of media and face velocity of air.

Distribution Manifold

Atmospheric airin - Cooling Pads Conditioned air out
L Pump
Water Sump =8

Figurel. Direct Evaporation Type Passive Cooling Method [3]
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Figure 2. Direct Evaporation Type Passive Cooling method on Psychrometric Chart [4]
2.2 In-direct evaporation type cooling (IDEC)

Diagram 3 illustrates the in-direct evaporation type passive cooling process. The dry passage
and the wet passage make up the indirect evaporative cooling process and a thin wall separates
the two passages. In wet passage, cooling of working air is done by direct evaporation type
cooling process and this cooled working air is use to cool product air flowing through dry
passage. Product air is prudently cooled without addition of water particles, lowering both dry
bulb temperature and wet bulb temperature. Moisture content of product air remains same during
in-direct evaporation type passive cooling method. The air flow in an in-direct type evaporative
passive cooling method can be in parallel, counter, or mixed flow arrangement. Figure 4 depicts
the in-direct type evaporation cooling methods on a psychrometric chart. The total enthalpy of
air gradually decreases in the in-direct type evaporation passive cooling method, which travels
horizontally along a steady straight line on a psychrometric chart.

The effectiveness of indirect evaporative cooling (IEE) is [5],

[EE=(222)* 100 ©)
t1—t3

Where, t; = Supply air inlet dry — bulb temperature.

t, = Supply air outlet dry — bulb temperature.

t; = Wet side air inlet wet — bulb temperature.



Effectiveness of In-direct type evaporation coolers can have up to 80%. The heat exchanger
surface size, facing velocity, and degree of wetness obtained on the wet side heat exchanger
surface all contribute to the efficacy of in-direct evaporation cooling. A design of an indirect
evaporative cooler was created for use in data centers. In this cross flow heat exchanger was
used, it was observed that simulation results were good in agreement with experimental results
[6]. As a precooling unit, an in-direct evaporation cooler with intrinsic baffles may be used. [7]
.The numerical and experimental work on a regenerative in-direct evaporation cooler that can
provide lower wet bulb cooling was done with the Lewis factor set to unity. [8]. Heat and mass
transport parameters in in-direct evaporation cooling with counter flow configurations were
explored by Wan, Ren and Xing [9]. Chauhan and Rajput [10] created a combination dew point
evaporative-vapour compression based air cooling system for dry and somewhat humid areas.
This combination system outperforms active vapour compression devices. Antonellis et.al.[11]
explored an in-direct evaporation cooling system with cross flow. and discovered that counter
flow nozzles outperform parallel flow nozzles. Duan et.al. [12] carried out an experimental
investigation on a counter flow regenerative cooler and discovered that the working to intake air
ratio should be between 0.4 and 0.5 in order to achieve a balance of effectiveness, energy
efficiency and cooling capacity. Analysis of thermal insulation material and suitability of
evaporative cooling method was done [13].
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Figure 3. In-direct evaporation cooling method [2]
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Figure 4. In-direct evaporation passive cooling method on psychrometric chart [4]

3. DESIGN OF IN-DIRECT EVAPORATION TYPE PASSIVE
COOLING SYSTEM

As a study case, the Sanjivani hospital in Bellary, Karnataka, India was chosen. The overall floor
area of the structure is 4143.4 m2.The building's ground floor has a floor area of 1381.13 m>.
The wall is 3.33 meters tall. Evapcal software was used to evaluate the effectiveness of an in-
direct evaporation cooling system. The total sensible and latent load of hospital’s ground floor
is 221.45 kW and 101.53 kW, respectively. Maximum allowable indoor temperature is 26°C dry
bulb temperature with a relative humidity 70%. After calculation by Evapcal it has been
observed that, supply air temperature by indirect evaporative cooling system will be 25.4 °C,
supply air relative humidity 53%, required air flow rate 733634 CFM and peak water
requirement 4887 LPH. The summer season, which runs from February 1 to May 31 (2880



hours), has been taken into account in the calculations. It has been found that for 60% of
operational hours, the system will provide a comfortable environment within the design range.

Temperature °C

Figure 5. Dry bulb temperature inside the room

Relative Humidity %

Figure 6. Relative humidity inside the room.
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Figure7 Psychrometric comfort analysis.
4. CONCLUSION

An overview and design of an in-direct type evaporation passive cooling method was completed
using Evapcal software, assuming that the indirect evaporative cooler's cooling load and
efficiency remain constant throughout operational hours and that heat exchange between output
air and working air is equal to heat exchange between water film and working air. With a dry
bulb temperature of 25.4°C and a relative humidity of 53%, an in-direct evaporation cooling
system will provide a comfortable environment for 60% of operational hours during the summer
season. One of most key techniques for saving electricity in cooling is indirect evaporative
cooling.
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Abstract.

Burnishing is a well-known cold working technique for improving the surface
integrity. It is a very cost-effective and efficient approach for improving surface finish and
hardness. Use of burnishing to replace current heat treatment and grinding processes on
reamer shank is offered as a unique strategy for reamer shank processing. This change in
processing reduces cycle time and resources while also conserves energy required for
processing during heat treatment and grinding. In this work Taguchi optimization
technique is used to determine the optimum parameter values of burnishing process to
attain required surface finish and hardness to fulfil all functional requirements of shank.
Test outcomes are convincing which shows that suggested process has capability to replace
current heat treatment and grinding process, thus conserves energy.

Keywords. Energy conservation, Burnishing, reamer, shank, taguchi optimization.

1. INTRODUCTION

Energy is critical to the world's evolution, development, and existence. Rising energy
consumption has a negative impact on the environment as well as increased government
pressure. For a developing country like India, the energy criteria determine the country's
growth. As the third biggest power generator, the country is ruled by energy shortage and
need. Our country's energy consumption is expanding at an alarming rate. Energy
conservation may be the greatest response to rising energy needs. Energy conservation is
the practise of minimising energy consumption by utilising less of an energy service.
Energy auditing is one of the most essential techniques to increase energy saving. It is a
difficult effort to conserve energy without reducing consumption. The paper highlights the
importance of conserving energy by substituting the processing technique used for reamer
shank manufacturing, taking into account the energy consumed by the current
manufacturing process, and suggesting a new efficient yet simple optimization based
method, namely taguchi, to improve energy efficiency and compare results.

The cutting side of two-piece reamers is generally composed of H.S.S., while the
shank side is constructed of a low-priced carbon alloy steel like EN31 to lower tool's cost.
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EN31 steel attains more hardness after heat treatment, as well as strong abrasion
resistance. As a result, this method is used to make reamers, drill bits, taps, ejector pins,
bearings, and wear-resistant machine and press tool components, among other things.

Rotary friction welding is commonly used to attach the cutting and shank sides of reamers,
since it is the most appropriate technique for combining divergent materials. Friction
welding, on the other hand, causes thermal strains in TMAZ and HAZ. Air quenching
hardens the HSS material (cutting side) in these zones. To enhance machinability, friction
welded components are normalised and annealed, respectively. After rough turning,
different heat treatment cycles are utilised for both sides because of differing material
properties of the cutting and shank sides, as shown in Table 1. Heat treatment, on the other
hand, is consumes lot of energy/electricity [1], necessitating careful adherence to energy
conservation and environmental laws. This method is also not economically possible in
today's competitive market [2]. As a result, the major focus of this research is on
eliminating the heat treatment procedure by including the burnishing process into the
reamer manufacturing process plan. Surface integrities, such as surface finish, hardness are
enhanced during the burnishing process [3-5].

Cutting side hardness is in between 760 to 900 HV, while the hardness of the shank side is
in between 180 to 450 HV, according to Indian Standard IS 5443 1994 Reff2021 of
technical supply requirements for reamer [6]. Burnishing can increase the initial hardness
by up to 45% [7]. Cutting side hardness is 247 HV, while the shank side is 178.3 HV
before heat treatment. If heat treatment is substituted with burnishing, cutting sides'
hardness can be increased to 356 HV and shank sides' hardness can be increased to 260
HV, respectively. As a result, it's clear that the burnishing technique can be used only for
shank processing. As previously indicated, the burnishing technique may increase surface
finish which can eliminate finish-grinding procedure in the traditional shank production
process. Because of the removal of costly heat treatment and grinding processes, suggested
technique will lower the cost of reamer production. In addition, the recommended strategy
guarantees a secure working environment. As a result, in this study, an examination is
carried out to evaluate the viability of the suggested shank process plan, as well as to
compare its performance with traditional one.

Heat treatment for the shank section is therefore replaced with burnishing, a surface
improvement method in current study to obtain the necessary characteristics. As a plastic
deformation method, burnishing utilises the pressure of a hard roller or ball to deform the
asperities on a workpiece's surface [7-9], producing a high-quality surface finish with
increased hardness. To further understand how burning affects performance, several
studies have been conducted [10-12].

Burnishing has been extensively studied for its influence on surface quality of steel
materials including AISI 1045 [9,13,14], AISI 4140 [12] and AISI D3 [15], as well as O1
[16] and PDS5 [17]. Additionally, Shankar et al. [18] found that roller burnishing
improved surface finish and hardness of Al(B4C)p MMC. Burnishing was used by
Travieso-Rodrguez et al. [19] to enhance the surface quality of aluminium A92017 and
steel G10380.

Burnishing can be used on the shank section of the reamer to increase surface hardness
while lowering processing time and cost, according to the literature study. However, in
order to effectively apply burnishing technique to reamer shank manufacturing, it is
necessary to first identify most important burnishing process parameters; then, to form
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their relationship with process' outcomes(hardness and time required for burnishing), a
taguchi optimization technique can be used..

2. MATERIALS AND METHODS

Like previously stated, the burnishing technique has the ability to eliminate the need
of heat treatment for processing reamer shank. In addition to the present process plan (Fig.
1(a)), a novel process plan incorporating burnishing is offered (Fig. 1(b)). Heating and
shank straightening operations are removed in the suggested process design, as indicated in
Fig. 1, moreover burnishing substitute finish-grinding process also.

Dominant burnishing factors, like burnishing speed (v), burnishing feed (f), burnishing
force (F), and no. of passes (N), are taken into account for successful integration
of burnishing in current application, and one’s impact on surface hardness (Hv) is studied
with the help of taguchi optimization technique.

1. Raw material cutting to size 1. Raw material cutting to size
Cutting portion .~ Shank portion Cutting postion .~ Shank parion
V=== e | —— == =%
2. Friction welding Flash 2. Friction welding _
3. Normalizing 3. Normalizing
4. Annealing 4. Annealing
5. Rough turning to size 5. Rough turning to size
=-5‘ =- a
_ Feed | _ Feed
6. Heat treatment of cutting portion 6. n, i

(HHHH!

<lr_ ‘(‘I_l_l_ ‘ Elimination of heat
- treatment on shank portion

that involve hardening

and tempering.

8. Cleaning by sand blasting 7. Cleaning by sand blasting

9. Straightening l Straightening Eliminated |
10, Flute grinding on cutting portion #. Flute grinding on cutting portion
11. Shank portion rough grinding 9. Shank portion rough grinding

12. Shank portion finish grinding 10. Shank portion BALL BURNISHED
&!I-;‘I:w_ g, (EERE};EEE) Burnishing Tool
S — _)\-\.\J
—_—== —_— A
fa) Existing process plan (b) Proposed process plan

Figure 1. Process plan (a) Current (b) Suggested.

Hole-forming devices require a high degree of surface hardness. Burnishing time
consideration is also essential to obtain the requisite rate of production. It's well-known
that when burnishing speed increases, surface hardness decreases, while burnishing time
decreases. Burnishing feed enhances surface hardness while decreasing burnishing
duration. Increasing burnishing force results in surface flecks, which increase surface
hardness. As burnishing duration rises, surface hardness improves. As a result, all process
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factors impact performance metrics in a contradictory manner. This is why the taguchi
optimization approach is utilised to optimise the burnishing process for all answers.

Now, straight-shank reamer with size of @12 mm is taken into consideration in order to
validate the suggested approach. EN31 bar used for shank side having diameter 14 mm and
length 55 mm and HSS bar used for cutting side having diameter 14 mm and length 75 mm
are connected by friction welding. Specimens are manufactured up to rough turning as per
suggested plan as shown in Fig. 1. These components' shank section is then burnished in
accordance with the experimental design.

Fig. 1(b) shows a suggested process design that eliminates heat treatment and straightening
operations from the current process plan and replaces grinding with a burnishing process.
As a result, main aim of current research is to determine most suitable burnishing process
variables for this application and confirm that they are in line with reamer specifications.

Table 1. Process variables and their levels.

Levels
Process variables
Code Unit 1 2 3 4 5
Burnishing Speed (v) A m/min 13 18 30 48 75
Burnishing Feed (f) B mm/rev 0.045  0.071  0.112  0.18  0.28
Burnishing Force (F) ¢ Kg 10 25 40 55 70
No. of passes (N) D . 1 2 3 4 5

When determining the best burnishing parameters for a particular shank, the taguchi
method is employed to see how closely process parameters correlate with the shank's
performance. A total of 25 trials are performed, each with four parameters at five different
levels, as indicated in Table 1. A burnishing tool is being used to burnish the shank section
(which has an initial hardness of 180.4 HV on average).

The burnishing tool used during study features a 10 mm diameter tungsten carbide ball that
is supported by a ball bearing that is attached to the fork arm. Using a spring-loaded
subassembly, the required burnishing force may be applied to the workpiece. Fig. 3 shows
how the burning tool shank fits on the tool holder of a lathe with ease.

|

Figure 3. Burnishing tool attached to lathe tool post.



3. RESULTS AND DISCUSSION
3.1 Analysis of means and Analysis of variance

The objective of this study is to see how burnishing factors affect hardness (Hv), as well as
to optimise hardness during the burnishing process. Hardness has been assigned to the
“larger the better” category. Eq. (1) is used to calculate the corresponding S/N ratios
of objective functions for every test of OA. Table 2 shows the respective S/N ratios for
every test of the L25 orthogonal array.

n

1 1
nij = —10log,, ;ZF ¢))

j=17Y

Where yij represents the ith experiment at jth test, n represents total no. of readings for
given (jth) answer, and s represents the standard deviation.
Table 2. OA, parameters level and respective S/N ratios of measured responses.

Process Parameters Results Results

Exp. Speed Feed Force II:I;s'sgi Hardness, H S/I\g?tio

(m/min) (mm/rev) (Kg) N) (Hv) Hardness
1 13 0.045 10 1 227.00 47.1205
2 13 0.071 25 2 233.50 47.3657
3 13 0.112 40 3 246.50 47.8363
4 13 0.18 55 4 250.00 47.9588
5 13 0.28 70 5 252.00 48.0280
6 18 0.045 25 3 219.50 46.8287
7 18 0.071 40 4 252.00 48.0280
8 18 0.112 55 5 260.50 48.3162
9 18 0.18 70 1 244.50 47.7656
10 18 0.28 10 2 222.00 46.9271
11 30 0.045 40 5 250.00 47.9588
12 30 0.071 55 1 247.00 47.8539
13 30 0.112 70 2 251.50 48.0108
14 30 0.18 10 3 209.50 46.4237
15 30 0.28 25 4 234.50 47.4029
16 48 0.045 55 2 238.00 47.5315
17 48 0.071 70 3 244.50 47.7656
18 48 0.112 10 4 228.50 47.1777



Process Parameters Results Results

Exp. Speed Feed Force Il;Izgs(e)g Hardness, H S/I\g:tio

(m/min) (mm/rev) (Kg) N) (Hv) Hardness
19 48 0.18 25 5 235.50 47.4398
20 48 0.28 40 1 210.00 46.4444
21 75 0.045 70 4 251.50 48.0108
22 75 0.071 10 5 229.50 47.2157
23 75 0.112 25 1 222.00 46.9271
24 75 0.18 40 2 216.50 46.7092
25 75 0.28 55 3 248.50 47.9065

Tables 3 show the contribution of various process parameters on surface hardness i.e.
ANOVA.

Table.3 ANOVA for hardness

Parameter Degree of Sum of Mean F value P % .
Code Freedom Square Square value  contribution
A 4 0.2602 0.0651 0.48 0.748 3.90
B 4 0.8780 0.2195 1.63 0.258 13.17
C 4 2.0582 0.5146 3.82 0.051 30.86
D 4 2.3945 0.5986 4.44 0.035 3591
Error 8 1.0775 0.1347 1.00 - 16.16
Total 24 6.6684 - - - 100

Burnishing force (30.86 %) and no. of passes (35.91 %) are vital for optimising hardness,
but burnishing speed (3.90 %) and burnishing feed (13.17 %) have no apparent influence
on hardness, as shown in the ANOVA table.

3.2 Conformability with reamer standard

Ball burnishing increased hardness, according to the results of the investigation.
IS 5443 reamer standard must be met for the improved quality attributes to be effective on
a dependable hole finishing tool shank. The reamer standard IS 5443 is used to assess and
certify quality attributes. The suggested approach saves time and energy while
manufacturing the reamer shank part.

3.3 Hardness of shank side:

The optimal set of settings for burnishing the shank section is solution No. 8. The
hardness of surface improves from 180.4 to 260.50 HV when this parameter is used. This
is because at a modest feed rate, plastic deformation is more effective (since the contact
time between the ball and the surface is appropriate), leading to larger hardness
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improvement. Increased burnishing force increases work hardening, resulted in enhanced
hardness.

3.4 Time and cost:

The traditional technique of shank processing includes procedures like as
hardening and tempering, which consume a significant amount of time during tool
manufacture. It takes 219 minutes to heat treat 30 tools in a fixture. In other words, it takes
7.3 minutes to heat treat a shank part of a tool. To harden and temper the item, a lot of
power is needed, which increases the expense and danger of the heat treatment process as a
whole. Straightening requires 2 minutes and finishing grinding requires a 1.2 minutes after
heat treatment. This set of three operations took a total of 10.5 minutes to complete. As per
present method's requirement due to different heat treatment procedure for cutting section
and shank section at dissimilar temperatures (as mentioned earlier), different tensions are
generated, resulting in part bending. As a result, the component also requires a
straightening procedure. However, in the proposed technique, the absence of the heating of
the shank part decreases this issue and removes the operation of straightening. Heating,
straightening, and finishing grinding on the shank part may be substituted by a burnishing
process that requires just 23.5 s to process shank which saves 606.5 seconds per piece.

For a certain reamer size, the cost of heat treatment is Rs. 3.50 and final grinding is Rs.
6.00 per piece, but the cost of burnishing process is just Rs. 1.50 per piece when taking
these prices into account. By using the burnishing technique, you may save around Rs.
8.00 each item.

4. CONCLUSIONS

Taguchi optimization is used to produce the appropriate hardness on the surface of the
shanks in order to satisfy all functional needs. Taguchi's solutions may be utilised as a
ready-to-use guide for choosing burnishing settings to attain the necessary quality
attributes required by the process planner.
e Burnishing produced a surface hardness of 260.5 HV, which is within the
specified limit in IS 5443.
e Heating, straightening and finish grinding take around 630 seconds using the
traditional method. Burnishing (processing time 23.5 s) eliminates these steps,
resulting in a processing time reduction of roughly 606.5 s.
e  The burnishing method not only avoids the dangers of heat treatment, but it is
also cost-effective, saving up to Rs. 8.00 each piece.
e Burnishing process will conserves energy by replacing heat treatment with
burnishing.
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Abstract

The ever-increasing population and advancing municipal business demands
for new building construction are often regarded as the most significant con-
tributors to energy management. For many practical applications, machine
learning is a promising method. In this perspective, we demonstrate machine
learning development and application. One best way of decreasing energy
usage in new buildings is to look at energy efficiency at an early stage in
the design. Efficient power management and intelligent renovation can im-
prove existing stock’s energy performance. For optimal decision-making, all
of these systems include an exact energy forecast. In recent years, machine
learning (ML) and artificial intelligence (Al) technology have been intro-
duced to predict building energy consumption and performance in specific
terms. This article addresses hard, soft, and hybrid control systems, as well as
machine learning techniques including artificial neural networks, clustering,
and support vector machines which are frequently utilized in building energy
performance forecasts and improvement. The hybrid approach suggestion
significantly expands machine learning applications.

Keywords: HVAC, Demand Response, PID, Artificial Neural Network
(ANN),Energy Management, Machine Learning .
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1 Introduction

Buildings will play a leading role in ensuring that the future energy system
operates securely and efficiently, representing around 40% of world energy
use annually. Flexible loads, control on the side of demand, and peak scrub
are not new notions; demand response was employed in certain grids in the
1970s [8]. For the robust home energy management and heating, ventilation,
and air conditioning control (HVAC) systems scheduled to be developed for
smart home appliances to improve building energy versatility, the develop-
ment of advanced requirement side management controls has an essential
role [20]. In addition, precise predictions of energy demand in the face of
uncertainty are important to district management of urban energy systems
through the application of a hierarchical methodology [6]. There is no uni-
versal flexibility quantification approach for sophisticated building energy
systems that considers thermal-electric energy sources, Cooling, heating, and
electrical energy storage, also adaptive energy management methods are all
specimens of solar to electric and electrical to thermal conversions. Sec-
ond, advanced nonlinearity and complexity of energy predictions, such as
modeling generation and computing load, not been able to effectively and
efficiently addressed, mainly when multi-level uncertainty factors are con-
sidered. Accurate forecasts of building energy with simpler prototypes and
machine learning techniques have a lot of possibilities for aiding energy-
efficient structures. Third, no academic research has been performed on the
progress of sophisticated controllers for small duration building energy fore-
casting under complex scenario uncertainty. The influence of sophisticated
controllers on the energy flexibility of buildings should be fully examined.
Meteorological factors, Temperatures of cold water supplied and returned,
interior air set point temperature, and other variables are all linked to real-
time system functioning. At initial stages building energy consumption is
found by using evaluation technique which is an instructive tool for giving
decision-makers an energy efficiency comparison index. Commonly, during
a certain time formed by floor area, the energy consumption of buildings
is utilized to describe an enactment (kWh/m2/period) known as the EPI or
energy intensity (EUI) The energy evaluation of buildings is divided into
four primary groups: Engineering, Simulation Benchmarking and Machine
Learn and Statistical Modeling (ML). Technically the rules of derivation
of construction energy consumption on the entire or subsystem level are
employed in engineering methodology. Internal and external characteristics
are considered for all construction components also the complicated math-
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ematics or building dynamics employ the most exact methodologies for the
derivation of correct energy use [18]. Simulation of power efficiency building
comprises performance simulation tools and computer models with a prede-
termined status. Computer simulation may generally be utilized in several
areas, for example in lighting and HVAC system design. The use of updated
methodologies to evaluate energy performance has been made possible by
the availability of building energy data. The methods of statistics employ his-
torical data on buildings and commonly use regression in models of building
energy consumption/performance [18].

2 Related Work

Dynamic processes with temporal delays cannot be controlled successfully
by on or off controllers. Only if operating circumstances do not differ from
tuning settings [1] is a satisfactory performance of the PID controller guaran-
teed. PID Gain-Scheduling shows increased stability compared with regular
PID controllers, however, the linear areas must be identified and logic to
switch regions must be developed. The PID controller needs to be manually
tuned and might be tough. In the evaluations of [13] [15] and [12] many
metrics have been taken to compare the results of various controls. However,
they do not take into account fully the possibility for flexibility. In the recent
decade, MPC research has accelerated. The fact is the control approach can
save energy while preserving or even increasing thermal comfort in buildings
is widely recognized and demonstrated. To utilize demand-side flexibility that
construction could give, researchers are showing alternative ways to employ
MPC in building control systems in conjunction with thermal energy stor-
age systems. The temperature of the zone is also the standard experimental
control variable. [9] An MPC was integrated into an HVAC system and the
robustness of the MPC was enhanced as well as the tracking performance of
the PID controller. This case study investigates and compares the usage of a
revolutionary deep reinforcement learning algorithm for controlling building
space heating in a computationally efficient method. In a simulated scenario,
the suggested method beats rule-based control by 5-10% for a variety of
price signals. We find that, while not optimum, the proposed approach has
significant practical advantages over other well-established methods, such
as quicker calculation times and improved resistance to non stationarity in
building dynamics. Reinforcement learning (RL) [13] has emerged as a viable
alternative to MPC in several fields in recent years. The attraction of RL is
its potential to approach or exceed the optimum degree of control given by
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predictive model controls while learning from sensor data directly, that is,
without the presence of a model beforehand. ANN may be used to deter-
mine energy performance evaluation criteria for buildings. [11]proposes a
pre-determination technique for the coefficient of total heat loss, total heat
capacity, and the recovery factor, which are the important factors for energy
efficiency calculation. [S] ANN uses 6500 energy labels in Italy as a method
for evaluating the correctness of energy building certifications. A new com-
bination of input variables is investigated in the study to decrease the number
of training features. Using the ANN output, a new index for the correctness
of energy certificates declaration data with a low 3.6 error is presented. The
scholarly scholars did an unclear study of the needs of construction and of
renewable. The multi-target optimization was carried out in the viewpoint of
renewable generations [17], integrating uncertainties in renewable energy and
forecasting demand projection errors. From its results, the suggested tech-
nique to optimization has been efficient in optimizing several targets with
uncertainties and lowering local emissions of pollutants. A complex multi-
sector target program has been designed to give building owners additional
flexibility to supply In unpredictably and imprecise situations, an efficient
renewable energy strategy of different renewable energies [17]. From the out-
comes of the suggested approach, sustainable development has been achieved
effectively. About energy demand in buildings [10], the uncertainty on overall
energy consumption in buildings was around 14%. [4] The insecurity study
was performed with the Monte Carlo technique, on the behavior of the people
and on building envelopes.

3 Methodology

Control strategies may be classified into two parts: (1) single component con-
trol (local control) and (2) Entire energy system control. The total functioning
of the energy system is smooth because the local controller guarantees that the
process is in control and that the proper set point is maintained at all times,
while the monitoring controller organizes all of the local controllers. [16]
Hard control, soft control, and hybrid control are the three types of control
mechanisms. Classical controls are included under hard controls by Naidu et
al. [16], but classical controls are considered a separate category of HVAC
control systems by [1]. [7] Only differentiate b, on the other hand, Figure
provides an overview of several HVAC control methods.
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Figure 1 HVAC Control System

Classical Control

For the most part, PID pertains to the most frequently used control methods,
such as the ”on/off,” ”P,” ”P1,” and ”PID” strategies. An on/off controller
manages a process so that it stays within set lower and upper thresholds. P,
PI, and PID controllers use error dynamics to modulate a controlled variable
and provide precise control. PID controller Auto-tuning or optimal tuning
techniques for these systems are the subjects of investigation [1].

Hard Control

MPC -Hard controllers use optimum control, robust control, nonlinear control
Model Predictive Control (MPC), and adaptive control to control systems
[14], [13]. Hard controllers are typically very simple to interpret. Because
of their predictability and consistency, and the computing load of practical
methods is usually low to moderate. Fuzzy logic, neural networks, and evo-
lutionary algorithms are used in soft control systems. Hybrid controls are a
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mix of harsh and soft control techniques that make use of the benefits of
each. Even though MPC may be utilized for supervisory control, soft control
is generally used for supervisory control while hard control is used for local
control [13]. MPC Points of Strength and Weakness Nonlinear dynamics su-
pervisory control, time-varying disturbances, and, time-varying dynamics are
some of the primary problems that an HVAC system faces. MPC is a form of
control that solves these issues. [13] The summary of MPC’s major features
are:

1 - MPC is a system evolution predictor, not a remedial control.

2 - Anincorporated disturbed model can explicitly manage disturbances.

3 - Itis capable of openly dealing with uncertainties and restrictions.

4 - Itis capable of coping with time-delayed procedures.

5 - Energy conservation methods can be incorporated into the controller
design.

6 - Using appropriate cost function formulations, several objectives can be
met.

7 - MPC may be utilized for both supervisory and local control.

8 - Explicitly incorporates passenger behavior, equipment usage, and
weather forecasting.

Soft Control

Artificial neural networks
The use of neural networks for estimating the energy consumption of build-
ings has become increasingly common. Building energy estimate has long
been a popular use of neural networks, which are the most widely used ML
approaches in this field. They’ve been used to simulate non-linear issues and
complicated systems with great success. ANNs may be resistant to faults and
noise while learning important patterns in constructing systems by employing
a variety of approaches. The ANN’s basic concept comes from the realm
of microbiology. Recurrent networks, Radial Basis Function Networks, and
Feed-Forward Networks are examples of ANNs that have been proposed for
various purposes (RNN). Each ANN is composed of numerous layers of neu-
rons and activation functions that link them together (at the very least two
layers). Some of the most often utilized functions are linear, sigmoid, and
hard limits. In FFN, there are no cycles between input and output neurons
which were the earliest and simplest NN architecture. Pieces of information
travel in one way in the network. Figure 2 shows the basic structure of FFN,
which includes input, output, and one hidden layer. By enabling loops from
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output to input nodes, RNN leverages its internal memory from which to
learn previous encounters. Several architectures, together with fully linked,
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Figure 2 General Structure of Neural Network

recursive, and long-term memory have suggested RNNs and multi-layer ar-
chitectures. The following are some of the advantages ANNs give over more
traditional engineering solutions:

1 .They can quickly construct models with non-linear data connections.

2 .They forecast fast: the training process is long, but predictions are
predicted in milliseconds after they are trained.

3 .If they have a class example for an area, they can generalize better than
traditional models: they do well to evaluate structures never seen by the
model since the model was trained with an example that is comparable
to the one that has never been seen.

4 .They are capable of handling enormous amounts of data.

The aim of this initiative is to an ANN-based approach for measuring a
building’s energy efficiency. To do so, by analyzing the energy efficiency
of several of the buildings in northern Spain, we produced a dataset, with an
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emphasis on residential structures. We trained and evaluated many alternative
ANN designs using this dataset. The process is described in the following
sections [2].

Other Control Techniques

3.4.1 Reinforced Learning

The building simulator described in [15] is used for testing and benchmark-
ing of Proposed Reinforced Learning (RL) algorithm’s learning features and
abilities. The simulator is an ETP model written in Python that mimics the
heating and cooling of the inside building, depending on a restricted number
of lumped factors, including external temperature and heating features. It is
a predetermined second-order model that takes the heat in the envelope into
account and cools it in cases of external reduction or lack of thermal energy.
The simulation is modeled according to the normal high-level heat reaction
of Belgium and the Netherlands structures, adopting the entire structure as
a single thermal zone. A heat pump for room heating that modulates air
source is assumed to be the equipped building; Figure 3 shows a display of
the control environment.

RL Controller

ms =4 "

* ctor Crtic
* Model based

Figure 2. Reinforcement learmung for bualding controls

Figure 3 Reinforcement learning for building controls [19]

Hybrid Control

In hot climate locations, occupant behavior patterns uncertainty was a major
factor, but in cold climate regions, building envelope characteristics were a
major factor. [21] Under high-level uncertainty, suggested an algorithm for
optimizing total performance using optimal solutions in design. According to
their conclusions, using the new strategy reduced the number of simulations
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by 97.8 percent of Monte Carlos, with less than 3.5 percent of projected im-
precision. Given the significant amount of unpredictability in building energy
systems, it’s worth mentioning. Only a little research has concentrated on
developing demand-side controls to increase flexibility of building energy.
Quantifications of energy flexibility in Building energy systems that are in-
tegrated (including thermal storage systems, electric systems, and renewable
energy, and building services systems) a collection of multi-dimensional indi-
cators of energy flexibility. Simpler models for short-term building energy are
being developed projections that are both efficient and accurate. The creation
of sophisticated controllers, as well as the application of short-range building
energy forecasts, for the increase of building energy suppleness. This study’s
uniqueness may be described succinctly as follows. 1) Integrated building
energy systems’ energy flexibility has been measured using several flexibility
indicators that take account of different energy types, sophisticated energy
conversions, varied energy storage systems, and flexible methods. 2) The
sophisticated non-linearity and complexities of building energy predictions
were created to simplify the replacement model. The technique of supervised
machine learning is the method chosen for the substitute model. The substi-
tute model aims to increase calculations efficiency without losing accuracy
since the TRNSYS 18 building energy systems were highly complex in both
the modeling and simulation procedures. 3) The anticipated control signal in
the real-time energy management system was adopted to increase the flexibil-
ity of building energy, by moving the substitute model for interim prediction
of building energy performance. Advanced controller’s motive and concept
are to correspond with renewable generation and demand of construction
energy via the intelligent building equipment operations, HVAC systems, and
interior air temperatures.

4 Discussion

The cargoes must maintain adequate service quality and fulfill their key ob-
jectives whilst offering control measures. Al can thus only be supplied with
loads with variable requirements. Different load categories were found as
appropriate for Al provision. The current situation for thermally controlled
building energy charges, plug-in hybrid electric carloads, and interruptible
industrial and household loads, among other things. Electric batteries can
also help to increase grid flexibility, but they do have certain inconveniences,
such as being costly, not being too environmentally friendly, and restricted
functionality. The HVAC systems are particularly suitable to provide services
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on the demand side since they use substantial quantities of power and have the
flexibility to demand. They are also suited to provide high-demand services.
Furthermore, a building management system is installed in most commercial
buildings, making it simple to implement the complex control techniques
required to deliver Al services. The fundamental goal of building control is
to keep occupants comfortable while reducing operational expenses. A build-
ing’s thermal capacity allows it to have a variable electricity requirement.
This flexibility may be used to either shift the building’s usage from peak
to off-peak hours or to directly give flexibility to the grid (e.g., secondary
frequency control service).

5 Conclusion

Construction and building energy usage optimization have gained consid-
erable efforts have been devoted to this sector in recent years since it is
recognized to be the major source of air pollution and fossil energy use.

By use of intelligent controls or sensors or upgrades, guidelines and
increasing fuel prices have obliged owners to decrease their energy con-
sumption. This issue has grown increasingly pressing in the large constructed
sector, where huge amounts of energy are lost owing to poor management.

As a result, many smart solutions for energy conservation have been
implemented. The fast growth of contemporary technologies such as data
collection has resulted in an enormous amount of sensors, wireless network
connection, cloud computing, information and smart devices. 1.Conventional
modeling is needful for fast and accurate predictions that are important for
strategic decision systems is not met by software and statistical technology
producing energy. 2. ML models have demonstrated tremendous promise as
an alternate option for energy modeling and evaluation in many types of
buildings. Several studies compare the suggested ML technique against tradi-
tional regression models or another basic ML model without giving enough
structural information. Consequently, it is advised to thoroughly examine
these approaches with tuning models to simplify decision-making for experts
picking MLS to anticipate energy.

In addition to building energy modeling, buildings based on different
input parameters make energy benchmarking far easier and better. Intelli-
gent identification of reference constructions leads to more exact labeling of
energy compared to the traditional definition of conceptual structures. In ad-
dition, an estimation of the reference structures for future instances is possible
through a mix of clustering and classification.
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Abstract.

As the demand for good governance and smart cities has grown, so has the desire for the use
of new technology, software, and procedures to achieve a more effective approach. The
Internet of Things (IoT) is one such example of a driving scientific approach to smart city
implementation. This paper will cover the [oT, smart cities, and technological advancements
such as Big data and other analytical tools in order to synergize and optimise their use in
decision making process. Moreover, the existing usage of IoT around the world will be
discussed and the challenges associated with it. As urban planning has vast umbrella of
domains which comes into conjunction of people, services, decision makers and the many
more, there is a high chance of dynamic data and changing of technologies. Thus, a more
efficient way in progress of such application in sustainable manner with real time scenario
has to be envisaged. Studying of opportunities and challenges in sustainable urban
development and IoT shall facilitate conjunction of various sectors with urban planning.

Keywords. Internet of Things, Big Data, Smart Cities, Sustainability, Urban Planning.

1. INTRODUCTION

Sustainable urban and rural planning is a given. The notion of sustainability has evolved to
a new degree of development with the rapid expansion of articles related with the Internet
and growing awareness of [oT. Many critical issues of urban upkeep, for example, waste
management and climate change, may be resolved with IoT for the benefit of humanity [1].
Surprisingly, the number of themes popular in cyberspace has overtaken the global
population. The number is predicted to reach 50 million by 2020, as new technology enriches
the digital environment [2]. It is a novel idea that combines several achievements to give a
holistic foundation for urban regions. This paradigm envisions focusing on personal and
resident pleasure. This portion of Smart Cities focuses on the sustainability objectives in
metropolitan areas. It also helps individuals in sectors like medical services, transportation,
and crisis response to man-made and apocalyptic catastrophes when humans struggle to
determine. “Concept of Internet of Things (IoeT)” — is a rich amalgamation of a wide
variety of gadgets like computer peripherals, sensors along with other software mechanisms
which endows an advanced substitute to the standard guidelines and associations. “Pathway
to Smart Cities through IoT” — By the implementation of IoT and services, a smart city
can be accomplished. Suppose, with the use of lot fundamentals, at the cheapest rate a smart
city can be designed having the utmost possible efficacies.
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IoT allows an object to hear, see, tune in, and communicate all of these capabilities. Making
common items smarter by linking their ubiquitous and indispensable processing to installed
devices (such as mobile phones or tablets), communication advances and sensor networks
together with Internet protocols and applications. This alters behaviour. Currently, the
Internet is not considered a computer network. It will be linked to billions of smart devices
and implanted frameworks. Because of this, the Internet of Things (IoT) will expand in size
and breadth, presenting new possibilities and difficulties. Many countries have created long-
standing public IoT execution systems after completing the elusive administrative level. So,
for example, Japan's internet connection allows for the development of a correspondence
office [3]. We plan smart cities' characteristics and key components like intelligent lighting
and smart water supply. Infrared cameras, GPS systems, and other devices will be utilised
to progress the city. Information security is one of the smart city problems [4].

2. BACKGROUND

This section introduces ideas for future standards like IoT and Smart Cities. It contributes to
the notion of sustainability by describing how computing connects [oT and Smart Cities.

2.1. Smart Cities and 10T

During 1990’s, the phrase “Smart City” was coined. At that phase, the concentration was on
the influence of innovative IT guidelines on the existing city guidelines [5]. “The label
“smart city” is used interchangeably with similar terms like “intelligent city” or “digital
city” [6]. The notion of Smart Cities has recently garnered significant appeal owing to its
potential to help citizens and humankind as a whole. ITC research defines a "smart viable
city" as one that integrates both ICTs and other planning techniques, yielding over 120
definitions. To better fulfil oneself, one must also improve one's knowledge of urban
activities and government, while addressing current and future financial, social, and
environmental issues [7]. The following figure shows that the quick expansion will expand
the utilisation of Internet of Things (IoT) by several folds up to 75% till 2025 [8].

Figure 1: IoT- installed devices connected worldwide.

IoT- installed devices which are connected worldwide from
2015-2025 in Billions
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About half of the all-out total populace lives in metropolitan regions forecasted to rise about
70% in 2050 [9]. So, as the urban population grew, the administrations provided to them
diminished in both quantity and quality. With a growing population, governments must find
ways to provide future places for citizens. So they centre their financial improvement
strategies on establishing advanced frameworks to compete. In addition to legislators,
citizens are concerned about their future personal fulfilment [10]. For a smart city, existing



3

research shows distinct transportation viewpoints that should be implanted. A cohesive
structure and framework should be created by integrating information into sub-frameworks
such as education and waste management [11] & [12]. Cities are also awash with big data,
which is derived from sensor data. The Hadoop frameworks are used to manage the data.
This section's findings give a detailed technical description of how sensors are deployed and
how they produce data. Our suggestion focused on explaining the framework's framework-
tier architecture and structure execution [13].

2.2. The Sustainability concept:

“The Sustainable Development Goals are the blueprint to achieve a better and more
sustainable future for all. They address the global challenges we face, including poverty,
inequality, climate change, environmental degradation, peace and justice. Learn more and
take action” The United Nations set 17 goals with 169 targets as part of its sustainable
development programme, succeeding the Millennium Development Goals [14] . The
concept of "sustainability” is well-known in urban planning. A few definitions and
explanations have been written. Despite this, no universal definition exists [15]. Given that
this part is about sustainability and the use of [oT to achieve it, focus on the perspective that
presents urban growth as a means of improvement that balances demand and supply.
Economic planning is expected to produce the following outcomes [16]:

2.3. 10T’s role in achieving Sustainability

Like Smart Cities, this concept aids and extends the potentials of financial losses. It
represents a major change in supporting a sustainable approach. The link between smart
cities and IoT is also acknowledged. So there's a link between Smart City basics and
representative procedures. Smart Cities may be seen as a continuation of reasonable
sustainable urbanisation. Sustainable development aims to improve citizens' health and
infrastructure while lowering costs and cultural impact [16].

3. SUSTAINABILITY CASE STUDIES IN RELATION WITH 10T

The Internet of Things (IoT) and related sciences are currently being discussed and stated.
Sensors, wearables, and equipment are widely used. Mechanical technology has influenced
every aspect of human existence, notably economic advancement. The IoT may help
improve sustainability in several areas. [1]. To help the application region's usage of IoT,
the following table provides proof of sustainability.

Table 1: Sustainability proof to help the utilization of IoT

SL. Cases/Uses of Data on trends Sources
No | sustainability measures

1. Smart Air-Quality- | Air quality Data which are Real -Time can be | [17]
Monitoring- System | gathered by utilising sensors designed to monitor a
(AQMS) variety of pollutants. Sensors for detecting libelium

have the same sensitivity of 0.1 parts per million.

2. Smart Health Care Healthcare related technological devices are taking | [18]
advantage of one of the fastest emerging IoT
sectors. has the potential to grow to $176 billion by




the year 2026. One of the most well-known
examples of IoT in medical services is the use of a
distant patient monitoring system.

3. Smart Waste | The BigBelly Solar wise waste and reusing | [19]
Management assortment framework consolidates an incredible
administration console, programming empowered
organization war room, and group of blend and
match squander and reusing stations into a tool stash
that empowers districts, schools and colleges,
government offices, and other institutional clients to
diminish the working expenses related with
squander assortment by 80%

4. Smart Water Technology | By using smart water systems, utilities may | [20]
& Frameworks potentially save $7.1 to $12.5 billion annually.
Using IoT in water management systems results in
a 20% reduction in leakage waste

5. Smart Streetlights As per a Navigant Research conducted by a | [21]
concentrate, an additional saving of about 20% is
attained by the usage of regular alteration of light
and information.

6. Smart Lighting solutions | Smart-LED lights eat half of the electricity utilised | [22] &
by ordinary lighting systems,enModus revealed that | [23]
sensible frameworks that usage Smart LED lighting
can reduce energy utilisation by as much as close to
100 percent

7. Smart Meter Giving constant information to clients about their | [24]
utilizations is assessed to affect 40% of utilization
designs for a structure

8. Smart Grid The Natural Defence Fund estimates that Smart | [25] &
Grids will reduce air pollution by 30%. Using smart | [26]
matrices can save energy equivalent to 70 million

journeys across the world.

4. CHALLENGES OF IOT IMPLEMENTATION

Without a doubt, IoT can significantly improve urban sustainability. But this journey isn't
without challenges. This section describes the challenges of using IoT for urban
sustainability and provides examples of some solutions [27].

4.1. Spanin loT

If the data quality is poor, it will generate needless disruptions and raise labour costs.
Locations are decided by application. Policymakers, experts, technologists, and planners
will need to approve and advise on inclusion. Consider the [oT's present economic condition
to grasp its long-term function. IoT helps collect information to examine framework limits
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and deliver predictive or prescriptive solutions for framework needs. So [oT is still acquiring
data inside the framework, which is crucial since bad data leads to hopeless inquiry.

4.2. Security

The IoT platform is more concerned about the platform's safety and security. As the
cyberspace expands, so will the dangers. Because data may be readily infiltrated from a
single location, organisations involved in backend and programme development for IoT
based systems are working to plug the gaps. These expeditions potentially endanger people's
lives. [28].

4.2.1. Adding security during configuration stage: At the starting of the policy
framework for IoT, the safety and security measure must have to be present. The
provision from end-to-end secure environment and high-level approach to security
device must be achieved, this must be made default in every guideline of the policy
framework.

4.2.2. Login qualifications ought to never be hardcoded: Before allowing the device
to work, engineers might ask clients to renew their certifications [29]. Clients
should renew their accreditations using strong secret word or biometrics. For
example, most switches have "administrator”" login credentials that many users
don't update, leaving them vulnerable to security breaches.

4.2.3. Character/identity of the users: Detecting and recognising every device
immediately is essential to understanding what it is, how it behaves, what other
devices it connects to, and what security precautions it requires.

4.2.4. Equipment security: Making well-designed gadgets will be priceless. The same
goes for making electronics alter obvious so they may be easily identified when
tampered with. When the systems are used in severe and remotely controlled
environments where its very tough to check and keep a need for protection then
these components of the following are kept in place of use for better protection and
approach.

4.2.5. Networking security: Ports not kept open, top notch encryption, not sending the
port & IP’s, port security measures are some of the mentionable approaches for the
betterment of [oT, protection of the systems with advances in the firewall, antivirus,
and stopping of unwanted and illegal IP’s sets a good example that how to take
smart security measure for smart business options [30].

4.2.6. Educating the Consumer: Educating customers on the dangers of [oT and how to
stay safe. Clients of IoT play a critical role in keeping devices safe. Taking the



espresso machine as an example, a smart client would know not to install an
unreliable gadget on the same company as well-known gadgets.

4.3. Privacy

The Internet of Things has extreme security challenges. It outperforms client information
security, which is today's main issue. That's why IoT user training is vital. It expands in
scope when it comes to delivered client gadgets. Because IoT deals with so much sensitive
data (personal, business, etc.) and can regulate the climate, security and protection issues

should be taken seriously. Cyber-attacks should be prevented at all costs. [31].
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around the world. (2017).

Cybersecurity breaches is not necessarily computer-related, although it is carried out using
computer networks and electronic communication channels. It's tough to tell if someone has
been hacked, yet hacking can be done simply beyond boundaries. Cyber thieves may now
easily conduct crimes from the comfort of their own homes, thanks to technological
advancements. The unforeseen threats cannot be removed totally form the cyber space in
many ways the cyber space can be misguided, thus need to create a more sophisticated and
secure environment for users. In the lower figures we can see from the report of NITI Ayog
in 2017, that how the evolution of the threats has increased in decades [32]. Some facts about
internet users about India are it ranks 3™ in terms of users after USA and China with annual
compounded growth of about 44%, also India is among the top ten spam sending countries
among the rest of the world parallel to USA [32]. India comes in top five in the world in
cybercrime hit-list to be affected by cyber-crime by a report of top cyber security company
“Symantec Corp” [33]. Some noted examples are given below of major cyber-attacks in
India of the year 2017 [32].

4.4. Development and Regulation

Like security, there are a few administrative challenges around the Internet of Things that
require valid and smart local consideration. The pace of innovation is faster than the
administrative advisory groups can keep up with. This causes the supervising and
administrative councils to not think of long-term guidelines. The opportunities in the third
world nations which are still under development phase and having economic potential are
possible nodes and entry points for the development of ICT & IoT making them smart.
Through the measures such as skill development, training of the unskilled, creating more
training opportunities and to devise plans for using the full potential in IoT [34].



The table below showcases few examples of cyber related laws and regulations in India:

Table 2: Cyber Regulations in India.

S1.No | Laws/Regulations Year
1. Indian Penal Code (IPC) 1860
Specific Sections- 383,420, 463, 499, 500, 503, 507
2. Indian Telegraph Act 1885
3. Indian Evidence Act 1891
4, The Companies Act 1956
5. Copyright Act 1957
6. Code of Criminal Procedure 1973
7. The Consumer Protection Act 1986
8. Information Technology Act (IT Act) 2000
9. Information Technology Act (Amendment of the IT Act, 2000) | 2008

There are many revisions and amendments in the laws and regulations in cyber space and
information technology, but we have to keep in mind that the technology is ever changing
and its dynamic in nature. Few points are mentioned below which contains lacunas and
loopholes which should be addressed in the IT act [35]:

e The Information Technology Act of 2000 is focused with both the correct
enforcement of intellectual property rights for electronic data and information. It's
indeed divisive, but a key issue related to copyrights, trademarks, and patents has
been overlooked by the law, leaving many loopholes.

e [t pays no attention to the difficulty with the domain name. It's doesn't address the
rights and duties of website domain owners (responsibilities)

e [t excludes other types of cybercriminal activities and its manifestations, such as:
Cyber Stalking, Theft, harassment, defamation, deformation, cyber frauds, cyber
or social media abuses, credit/debit card misuse etc.

e It does not resolve the antitrust issue.

e  The rules for electronic payments aren't really clear.

Globally, coordinated work is necessary to address regulatory gaps. This will make fighting
cybercrime considerably simpler, since comparable jurisdictions will be able to work
together more efficiently. When employing technologys, it is vital to understand the issue and
establish a safe environment.

45. Standards

The 10T space lacks documentation and local standard practises. This has a huge impact on
the Internet of Things, limiting their development and limiting their potential. Lack of a
genuine standard encourages unethical IoT device engineers. Without legitimate regulations
and guidelines on makers and their assembly procedures, engineers may end up designing
goods that operate poorly with little regard for the effects on other devices or customers.

4.6. Lack of Incentive

It is possible to conclude that the smart city programme is a business-government
collaboration. Given the compelling benefit capabilities of such apps, this implies a lack of
incentive on the side of the endeavours. To overcome these issues, diverse sectors must work
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together to create workable foundations. [36]. Smart homes, smart buildings and ultimately
smart cities are built by the policy makers, engineers, architects and urban planners who
work closely to optimise every resource and accelerate the sustainable development process
through IoT in the cities to be called as ‘Smart’.

4.7. Adversative Technological Effects

Infrastructures prepared for me urban sustainability envision resident benefits and place
them in high demand. However, such frameworks may have unfavourable effects. First,
developing sensor networks may require a lot of energy. Using these sensors may also result
in increased energy and cost usage [37].

5. FUTURE ASPECTS OF 10T AND SMART CITIES

With the increasing number of sensors and connection options, it is conceivable to expand
the IoT organisation even if private clients do not profit from many of the advantages. Many
[oT start-ups are still in their infancy, with few sensors, wireless developments like 5G, and
other breakthroughs in the pipeline. It's too early to tell which technical advances or
organisations will gain the most from IOT adoption. Without adequate legislation, security
may remain an issue for some time. [38]. In the near future, smart devices linked to IoT
framework will be observed in workplaces and residences, and this development will be
welcomed progressively by city people. As a result of the global pandemic of urban sprawl
and population growth, cities must adapt their governance and enhance their efficacy.
Service delivery, coordination, and management system resilience need a bottom-up strategy
that incorporates new concepts and technologies such as IoT.

6. CONCLUSION

7. The Internet of Things (IoT) is the most important advancement in information
science and artificial intelligence (AI). While IoT design prioritises data collecting, the
numerous and increasing technologies that manage findings and their accuracy put a
premium on information accessibility and quality. Many improvements may be used to
create assistance-oriented smart cities. A resident administration is required to achieve an
urban sustainability plan. Both Smart Cities and metropolitan sustainability seek for a
sustainable future. The Internet of Things is being utilised to help create sustainable cities.
Internal failure, range, information ownership, and institutional obstacles all arise. The cost
savings trade-off associated with IoT deployment will be assessed in future study. In
conclusion, smart cities are a terrific idea that benefits everyone if handled carefully. The
IoT's issues are usually intertwined. It's easier to deal with them as a whole than Given the
complexity of the development process, including commercial, innovation, government, and
financial challenges.
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Abstract.

Demand for Electric Power is elevating because of increasing consumers in the market.
With the rise of Smart Grids, customers can also actively get participated in Energy
Management Schemes. These schemes are called Demand Response Programs which can
reduce the electricity bills and can also give them incentives or perks. The primary
intention of DRPs is to diminish energy utilization in course of peak hours and improve the
load factor. Also, Renewable Energy Sources do act as an adjunct source besides the grid
but it further complicates the system. Certain challenges are there in implementation of
DRPs which make Demand Side Management still a faraway dream. The paper presents a
review of that and the challenges associated with it.

Keywords. Demand Response, Demand Response Program, Demand Side Management,
Smart Grid

1. INTRODUCTION

Low carbon methods along with the energy efficiency have gained the attention of the
world for a better world. Researchers all over the world have proved that demand response
programs are efficient in decreasing the content of carbon dioxide as it is directly dealing
with lesser use of Thermal Power Plants. Factors like unpredictable weather; integration of
RES with the Grid among other complicates the DRP. The argument continues to the fact
that this complication is not at site level but at organizational level. Commercial huge
firms, public sector units, lot of smaller level stand alone electricity loads , complicated
decision-making, etc. can halter the uptake of DSR. Participation prices which are hidden,
issues of bounded rationality and energy application type for different organisations limit
the organization ability to participate in DSR also.

2. COMMON ENERGY MANAGEMENT STRATEGIES

Program in [1] provides a captivating incentive for industrial consumers by managing
smartly during energy crisis duration. A system with an energy storage unit connected
behind-the-meter with a big-scale wind power generator is mentioned in [2]. Analysis of
BTM benefits along with resiliency capability of the energy storage units is discussed in



2

[3]. [4] Shows how exciting opportunities are possible with digitization of BTM assets and
optimization can be completed using Al and ML. Bi-level optimization exploiting genetic
algorithm and linear programming is discussed in [5]. In paper [6], hydrogen energy
storage is used for attenuating the irregularities of renewable .Study in [7] examines the
bio mimetic energy management along with scope for construction industry reinvention.
[8] Highlights the economic approaches in regulations and policies which support
sustainability in energy and building.

3. DEMAND SIDE ENERGY MANAGEMENT

[9] Presents two simulation concepts to combine DR strategies into EMS. In [10] quality
and quantity of DR were governed by customer experiences affected directly by
connectivity, control and care. Findings of literature in [11] has deeply targeted on DR
potential along with economic, theoretical and achievable potentials. [12] aims to study
market of DR - risk nexus. Design along with operation optimization is addressed in [13]
to gain the complementary benefits of sub-systems while advancing individual systems.
[14] Effectively handles interoperability along with integration in various heterogencous
devices at consumer end which comes along with plug-play feature, zero configuration
coherent networking. In [15] integrated demand response (IDR) is discussed where all
types of energy customers (electricity, heat, natural gas, etc.) partake in DR. [16]
formulates conflicting yet co-operative liaison between the utilities and end-users as a
Stackelberg game where equilibrium points are attained by backward induction method. At
the equilibrium, the utility company adopts real-time pricing scheme. [17] Scrutinizes
history of DRPs and the practices of DR in the US, other nations in Asia and Europe which
proves that DRPs is a hit in lot of nations for decrement of outage. However equipment
price and standardization lacking still causes setback.

4. DEMAND SIDE ENERGY MANAGEMENT OF POWER SYSTEM

The model in [18] expresses that genetic-based heuristic updates accuracy of energy
demand prediction whereas intra-day prediction refinements further decreases day-ahead
prediction error. An online droop-based DR, generalized is popularized for application in
islanded MGs frequency control in [19]. [20] Addresses issues which are related to
bumpiness of supply, PV penetration, back-feeding, etc. In [21] recent use of deregulation
in Indian Power Sector has been described [22] Proposes a simple solution by reducing
proper management of Electricity distribution .Use of convoluted PV Model, Wind
Turbine and home needs, developed in Simulink in [23] by Load Shifting method for
HEMS controller. An energy detection algorithm depending on generalized stochastic
resonance is adopted in [24] to improve the spectrum sensing accuracy with the conditions
of low signal-to-noise ratio without alleviating the system overhead. In the proposed
method of [25], loads which are in controlling nature are relocated to time when the
difference between load and RE generated power is maximum which is in consideration to
the consumers' welfare. In [26] by application of probability theory uncertain optimization
model is transformed into a complicated optimization problem. EMS framework which is
of three stage is proposed in [27]. Detailed reviewing of 34 power-to-heat demand
response projects of large scale of is done in [28]. The literature review suggests that
period of energy sector restructuring popularized uncertainty to energy companies
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regarding P2H DR. In [29] to resolve the issues of setting UFLS parameters stochastically,
a MILP formulation is used for optimization framework. In [30], a distributed optimization
method which is based on alternating direction method of multipliers algorithm with
Gaussian back substitution is proposed. In [31] The electrode boiler is steered based on the
predicted imbalance price, making use of the price volatility and single imbalance pricing
mechanism as used in Belgium. In [32] novel online generalized droop control is
introduced to apply in islanded MGs frequency control. [33] Propose an energy prediction
model using genetic heuristic. The article [34] aims of optimizing the energy costs that will
be transferred to users depending on its stratum. Implementation of an efficient hybrid
energy trading market along with reduced price and peak to average ratio of electricity is
done in [35]. Optimization problem with lot of constraints is solved using heuristic
algorithms in [36]

5. OPTIMIZATION TECHNIQUES OF POWER SYSTEM

Power systems are very large and complex so its optimization problems are difficult to
solve. [37] Proposes a system with multi energy inputs and outputs, 2m + 1 point
estimation probabilistic scheduling scheme [38] overviews mathematical optimization
methods.[39] has work on Optimization of Reactive Power Dispatch[40] Explores
potential of metaheuristic methods and an improved salp swarm algorithm is proposed .In
[41] Information gap decision theory technique is proposed. A microgram reactive power
management approach in iterative nature and power-electronic converter depending
renewable technologies is proposed in [42].

[43] Shows how Electricity prices on market are becoming volatile. There is a chapter
which describes various algorithms used in optimization methods in [44]. In [45]
Researchers have proposed novel bi layer Volt-Var based control strategy. In [46] an index
of loss of power supply probability and of heat supply probability is formulated. Some
authors have worked on Hybrid approach [47] which is based on marriage of firefly
algorithm and adaptive fuzzy PSO. There is a work which reports a Volt/Var algorithm in
[48].Parameters like frequency or voltage can be used as a factor for design of advanced
metering infrastructure in SGs as in [49] like under-frequency load shedding. In [50]
ORPD issues are solved by formulating smart controller with effective monitoring the real
power loss of SGN. Elephant herd optimization which is a firefly evolutionary algorithm is
used and power flow is limited in transmission network and summation with DGs. Various
combinations of multi objective PSO and fuzzy decision making methodology is utilized
in [51].

Steady state voltage stability index called by load margin, can be selected as network
performance indicators as done in [52] with a PSO used to modify DSM program in the
time steps of planning horizon and load margin is reduced. In [53] a decoupling
optimization framework is devised which solely treat problems sequentially from the
demand to generation can side with benefit caused by DR is allocated between users using
cooperative game theory. Classic DSM technique implemented in [54] for IEEE 33 bus
system .An exclusive literature review on impacts of DSM on trustworthiness of power
systems discussed in[55]. Linear model for resource scheduling of Micro Grids and
algorithms attached to it are attracting focus currently due to simplicity and fast
computation as discussed in [56].
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6. CONCLUSION

There is a need of development for a fair, centralised and 24-hour analysis control based
system using local measurements for consumer and utility with a secure, and organized
bidirectional communication which involves the consumer engagements and perks,
without increasing the complexity of the system and lasting equity between supply and
demand is needed.

Objective functions for research work should consider following parameters:

1) Minimization of Uncertainties (Load, Price, Voltage Deviations, Forecasting),
Active Power losses, Violation limits

2) Maximization of exceptional amalgamation of distinct variables in optimization
problem, Input Output control, Self Maintenance, Reactive Power dispatch

3) Scheduling of Battery storage, type of market, interoperability, integration and
penetration of RES, data acquisition, storage and processing.

4) Maintain balance of actual time and its control effects and results os optimization,
system flexibility with increase in the degrfes of freedom, standardization

7. REFERENCES

[1] Amam Hossain Bagdadee, Muhammad Aurangzebr,Sajid Ali, Li Zhang , Energy
management for the industrial sector in smart grid system, 2020 7th International
Conference on Power and Energy Systems Engineering (CPESE 2020), 2629 September
2020, Fukuoka, Japan, Energy Reports, Volume 6, Supplement 9, December 2020, Pages
1432-1442

[2] Vincenzo Trovatoa, Bharath Kantharaj, Energy storage behind-the-meter with
renewable generators: Technoeconomic value of optimal imbalance management,
Electrical Power and Energy Systems, 2020

[3] Khashayar Mahani’, Seyyed Danial Nazemi’, Maryam Arabzadeh Jamali, Mohsen
A.Jafari, Evaluation of the behind-the-meter benefits of energy storage systems with
consideration of ancillary market opportunities, The Electricity Journal, Volume 33, Issue
2, 106707, March 2020

[4] Fereidon Sioshansi , Chapter 3,Creating value behind-the-meter: Digitalization,
aggregation and optimization of behind-the-meter assets, Behind and Beyond the Meter ,
Digitalization, Aggregation, Optimization, Monetization, Pages 47-82, 2020

[5] Martina Capone, Elisa Guelpa,Vittorio Verda, Multi-objective optimization of
district energy systems with demand response, Energy, 2021

[6] Mohammadreza Daneshvar , Behnam Mohammadi-Ivatloo Kazem Zare ,
Somayeh Asadi, Transactive energy management for optimal scheduling of interconnected
microgrids with hydrogen energy storage, internatio n al journal o f hydrogen
energy, 2020



5

[7] E.Fregonara, Methodologies for Supporting Sustainability in Energy and
Buildings. The Contribution of Project Economic Evaluation, Energy Procedia, Volume
111, March 2017, Pages 2-11

[8] Olusegun Aanuoluwapo, Oguntona Clinton Ohis Aigbavboa , Biomimetic
reinvention of the construction industry: energy management and sustainability, Energy
Procedia Volume 142, December 2017, Pages 2721-2727

[9] Ines Leobner, Peter Smolek, Bernhard Heinz, Philipp Raich, Alexander Schirrer,
Martin Kozek, Matthias Rdssler, Benjamin Mdrzinger, Simulation-based Strategies for
Smart Demand Response, Journal of Sustainable Development of Energy, Water and
Environment Systems , 2017

[10] Sarah J. Darby, Demand response and smart technology in theory and practice:
Customer experiences and system actors, Energy Policy,2020

[11] Géremi Gilson Drankaa,b, Paula Ferreirac, Review and assessment of the
different categories of demand response potentials, Energy, 2019

[12] Joana Sousa , Isabel Soares, Demand response, market design and risk: A
literature review, Ultilities Policy , 2020

[13] YizheXu , ChengchuYan, HuifangLiu, JinWang , ZhangYang ,Yanlong Jiang,
Smart energy systems: A critical review on design and operation optimization, Sustainable
Cities and Society, Volume 62, November 2020, 102369

[14] Rafiullah Khan a , Sarmad Ullah Khan , Design and implementation of UPnP-
based energy gateway for demand side management in smart grid, Journal of Industrial
Information Integration , 2017

[15] Wujing Huang, Ning Zhang , Chongqing Kang, Mingxuan Liand Molin Huo,
From demand response to integrated demand response: review and prospect of research
and application, Protection and Control of Modern Power Systems , 2019

[16] Mohammad Shakeri , Md. Rokonuzzaman , Demand Response Programs in
Conventional and Smart Grid Electricity Networks: Chronological Development in
Different Regions, Test Engineering and Management -, April 2020

[17] Andreea Valeria Vesa , Tudor Cioara , lonut Anghel, Marcel Antal, Claudia Pop ,
Bogdan Iancu, Ioan Salomie and Vasile Teodor Dadarlat , Energy Flexibility Prediction
for Data Center Engagement in Demand Response Programs, Sustainability , 2020

[18]  Farshid Habibi,Qobad Shafiee, Hassan Bevrani, Online generalized droop-based
demand response for frequency control in islanded microgrids, Springer-Verlag GmbH
Germany, part of Springer Nature , 2019

[19] Imane Worighi© AbdelilahMaach- Abdelhakim Hafid Omar Hegazy® Joeri Van
Mierlo, Integrating Renewable Energy in Smart Grid System: Architecture, Virtualization
and Analysis, Sustainable Energy, Grids and Networks, 2019

[20] M. B. Zala, A basic overview and study about deregulation & restructuring
concept for indian power sector, International Journal For Technological Research In
Engineering, 2017



6

[21] S. G. SaiP. SuryaK. GunalanSmart Institutions Using Energy Management
System, 4th International Conference on Electrical Energy Systems (ICEES), 2018

[22] Izaz Zunnurain, Md. Nasimul Islam Maruf , Automated Demand Response
Strategies using Home Energy Management System in a RES-based Smart Grid, 4th
International Conference on Advances in Electrical Engineering, Dhaka, Bangladesh, 2017

[23] Tingting Yang, Tiancong Huang, Haifeng Zhang, Peiyi Li,Canyun
Xiong,and Yucheng WuDemand Response Management Research Based on Cognitive
Radio for Smart Grid, Hindawi Wireless Communications and Mobile Computing, Wiley,
2020

[24] Seyed Mehdi Hakimia,b, Arezoo Hasankhanic, Miadreza Shafie-khahd, Jodo P.
S. Cataldo, Demand Response Method for Smart Microgrids Considering High Renewable
Energies Penetration, Sustainable Energy Grids and Networks, 2 March 2020

[25] Zhihong Xu, Yan Gao, Muhammad Hussain, Panhong Cheng, Demand Side
Management for Smart Grid Based on Smart Home Appliances with Renewable Energy
Sources and an Energy Storage System ,Mathematical Problems in Engineering, Hindawi,
Article ID 9545439, Volume 2020

[26] R.Seshu Kumar, L. Phani Raghav, D. Koteshwara Raja, Arvind R. Singh, Impact
of multiple demand side management programs on the optimal operation of grid-connected
microgrids, Applied Energy, 2021

[27] Vladimir Z. Gjorgievski , Natasa Markovska , Alajdin Abazi , Neven Dui, The
potential of power-to-heat demand response to improve the flexibility of the energy
system: An empirical review, Renewable and Sustainable Energy Reviews, 17 October
2020

[28] Ali Rafinia, Jamal Moshtagh, Navid Rezaei,Towards an enhanced power system
sustainability: An MILP underfrequency load shedding scheme considering demand
response resources, Sustainable Cities and Society 59 (2020) 102168

[29] Zhu, Hongbo, Gao, Yan, Hou, Yong, Real-Time Pricing for Demand Response in
Smart Grid Based on Alternating Direction Method of Multipliers, Mathematical Problems
in Engineering, 2018

[30] Jens Baetens, Jeroen De Kooning, Greet Van  Eetvelde and Lieven
Vandevelde ,Imbalance price prediction for the implicit demand response potential
evaluation of an electrode boiler, 4th Annual APEEN Conference Energy Demand-Side
Management and Electricity Markets, Covilha, Portugal, 2019

[31] Farshid Habibi , Qobad Shafee, Hassan Bevrani, Online generalized droop-
based demand response for frequency control in islanded microgrids, The Smart/Micro
Grids Research Center (SMGRC), University of Kurdistan - Iran, Electrical Engineering,
Research Team, 2020

[32] Andreea Valeria Vesa, Tudor Cioara, lonut Anghel, Marcel Antal, Claudia Pop,
Bogdan Iansu, loan Salomie, Vasile Teodor Dadarlat, Energy Flexibility Prediction for
Data Center Engagement in Demand Response Programs, Sustainability, 2020



7

[33] Edwin Marcelo , Garcia Torres, Estimated cost of electricity with time horizon
for micro grids based on the policy response of demand for real price of energy, 2020

[34] Rabiya Khalid, Nadeem Javaid, A.s. Al-Mogren, Muhammad Umar Javed, Load
balancing in decentralized smart grid trade system using blockchain, Journal of Intelligent
& Fuzzy Systems, 2019

[35] Hafiz Majid Hussain, Nadeem Javaid, Sohail Igbal, Qadeer Ul Hasan, Khursheed
Aurangzeb, Musaed Alhussein, An Efficient Demand Side Management System with a
New Optimized Home Energy Management Controller in Smart Grid, Energies, MDPI,
2018

[36] Jaser A. Sa’ed, Zakariya Wari, Fadi Abughazaleh, Jafar Dawud, Salvatore
Favuzza, Gaetano Zizzo, Effect of Demand Side Management on the Operation of PV-
Integrated Distribution Systems, Applied Sciences, 2020

[37] Manijeh Alipour, Kazem Zare and Mehdi Abapour, MINLP Probabilistic
Scheduling Model for Demand Response Programs Integrated Energy Hubs, IEEE
Transactions on Industrial Informatics, 2017

[38] Frie Ayalew , Seada Hussen , Dr. Gopi Krishna Pasam, Optimization techniques
in power system: review,International Journal of Engineering Applied Sciences and
Technology, 2019 Vol. 3, Issue 10, ISSN No. 2455-2143, Pages 8-16

[39] Souhil Mouassa, Francisco Jurado,Tarek Bouktir, Muhammad Asif Zahoor Raja,
Novel design of artificial ecosystem optimizer for large-scale optimal reactive power
dispatch problem with application to Algerian electricity grid, Neural Computing and
Applications, 2020

[40] Andrei M. Tudose , Irina I. Picioroaga, Dorian O. Sidea and Constantin Bulac ,
Solving Single- and Multi-Objective Optimal Reactive Power Dispatch Problems Using an
Improved Salp Swarm Algorithm, Energies, 2021

[41] Abouzar Samimi, Navid Rezaei, Robust optimal energy and reactive power
management in smart distribution networks: An info-gap multi-objective approach, Int
Trans Electr Energ Syst. 2019

[42] Akshita Gupta, Arun Kumar, Dheeraj Kumar Khatod, Optimized scheduling of
Hydropower with increase in solar and wind installations, Energy , 2019

[43] Stefan Roth, Lukas Stumpe, Benedikct Scmiegel, Johannes Schilp, An
optimization-based approach for the planning of energy flexible production processes with
integrated energy storage scheduling , 13" CIRP Conference on Intelligent
Communication in Manufacturing Engineering, 2020

[44] Jeremy Lin, Fernando Magnago and Juan Manuel Alemany, Optimization
Methods Applied to Power Systems: Current Practices and Challenges, Classical and
Recent Aspects of Power System Optimization, 2018

[45] Haixiao Li, Mingxuan Mao, Kuo Guo, Gaofeng Hao, Lin Zhou, A decentralized
optimization method based two-layer Volt-Var control strategy for the integrated system of
centralized PV plant and external power grid, Journal of Cleaner Production, 2021



8

[46] Chen Lingmin ,Wu Jiekang a, Wu Fan , Tang Huiling, Li Changjie, Xiong Yan
Energy flow optimization method for multi-energy system oriented to combined cooling,
heating and power, Energy, 2020

[47] Mostafa Nasouri Gilvaei , Hossein Jafari , Mojtaba Jabbari Ghadi ,Li Li, A novel
hybrid optimization approach for reactive power dispatch problem considering voltage
stability index, Engineering Applications of Artificial Intelligence , 2020

[48] M. Crosa, F. D’Agostino, S. Massucco, P. Pongiglione, M. Saviozzi, F. Silvestro
The Podcast Project: an Application of Volt/Var Optimization to the Electric Distribution
Network of Sanremo (Italy), IEEE, 2019

[49] Smgrc Uok, Optimal design of an adaptive under-frequency load shedding
scheme in smart grids considering operational uncertainties, The Smart/Micro Grids
Research Center (SMGRC), University of Kurdistan - Iran, Electrical Engineering,
Research Team, 2020

[50] Eity Sarker, Pobitra Halder, Mehdi Seyedmahmoudian, Elmira Jamei, Ben Horan,
Saad Mekhilef, Alex Stojcevski, Progress on the demand side management in smart grid
and optimisation approaches, International Journal of Energy Research, Wiley, 2020

[51] E. Muthukumaran, S. Kalyani, Development of smart controller for demand side
management in smart grid using reactive power optimization, Soft Computing,
Methodologies and Application | Issue 2/2021

[52] H. Shayeghi, m. Alilou, b. Tousi, r. Dadkhah doltabad, multi-objective
optimization of demand side management in the presence of dg and demand response,
international Journal of Industrial Electronics and Electrical Engineering, ISSN(p): 2347-
6982, ISSN(e): 2349-204X Volume-6, Issue-3, Mar.-2018

[53] Jelena Poncko, Multi Objective Demand Side Management at Distribution
Network Level in Support of Transmission Network Operation, IEEE Transactions on
Power Systems ,Volume: 35, Issue: 3, May 2020

[54] Xi Luo, Yanfeng Liu, Pinga Feng, Yuan Gao, Zhenxiang Guo, Optimization of a
solar-based integrated energy system considering interaction between generation, network,
and demand side, Applied Energy, 2021

[55] Dr. K. Balamurugan, V. Deva dharshini, Ajith Bhaskar, P. Pukazhvanan,
Analysis of Demand Side Management of Distribution Systems, International Research
Journal of Engineering and Technology (IRJET), Volume: 06 Issue: 03 | Mar 2019

[56] Hussein Jumma Jabir, Jiashen, Dahaman Ishak, Hamza Abunima, The Impacts of
Demand-Side Management on Electrical Power Systems: A Review, Energies, 2018



Biographies

Kshipra Pandey received the bachelor's degree in Electrical Engineering from Mohanlal
Sukhadiya University, Rajasthan in 2009, the master's degree in Electrical Engineering
from Gujarat Technological University in 2016.She is currently working as an Assistant
Professor at the Department of Electrical Engineering, Atharva College of Engineering,
Mumbai University. Her research areas comprises of Power System and Energy
Management.

Nilesh K. Patel received the bachelor's degree in Electrical Engineering from Gujarat
University, Ahmedabad in 1998, the master's degree in Electrical Engineering from
Motilal Nehru National Institute of Technology (MNIT), Allahabad in 2007. He is
presently working as Associate Professor at Department of Electrical Engineering,
Swarrnim Institute of Technology, Gandhinagar. His research areas include Energy Power
System Optimization, Restructured Power System Operation, and Artificial Intelligence
for Power System.



Multi - agent system based Energy Management of Distributed
power sources in Domestic Cooking

M. Lakshmi Swarupa, G.Divya, K. Deepika

EEE department CVR College of Engineering Hyderabad, India
swarupamalladi@gmail.com, divya.gongidi@cvr.ac.in, deepika.kalluri@gmail.com

Abstract.

As we are using many homes appliances day by day, the energy consumption is increasing.
As Fossil fuels are depleting and demand is increasing, it is important to move towards
Renewable Energy even in domestic areas. Energy used for Cooking is in large amount in
developing countries. Almost 80% of energy which among household is used as cooking
energy in rural areas. Biofuels such as fuel wood, charcoal, agri-residues, and dung cakes
are used to replace this requirement for cooking. In India, several attempts have been made
to utilise biofuels and renewable energy for home cooking. In this project, solar power is
used to power an induction cooktop. Because of its excellent efficiency and safety, the
induction stove has been more popular in recent years. The concept of Electromagnetic
Induction is used in induction cooking. The coil is stimulated in the ferromagnetic material
by creating eddy currents in the coil, which causes heating [1]. An induction cooktop driven
by solar panels and supplemented by mains electricity is being developed utilising a half
bridge design. The operating frequency may be changed in simulation and in hardware,
allowing for more control over power output.

Keywords: Microprocessor-controlled induction cooking, solar power, a half-bridge
circuit with microcontroller, and a battery charging circuit MATLAB-SIMULINK,
PROTEUS.

1. INTRODUCTION

Solar Energy is a clean form of energy that will help the globe avoid using non-renewable
energy sources such as coal and other fossil fuels. Induction heating is commonly employed
in domestic applications. It's also eco-friendly, efficient, low-cost, and results-oriented [2].
Induction heating is mostly utilised in the manufacturing industry for melting, brazing, and
hardening [3]. Solar cookers are now the only household cooking option. Even though many
research papers have reported, biogas plants and cookstoves with new features are still far
away from their respective potential. Solar cookers are also contributing their part inmeeting
domestic needs. It is ideal to improve the technology of solar cooker as India is blessed with
sunshine and can meet the requirements of energy. An effort has been made in this reference
to assess the technology's potential for use in household cookery in India, which helps in
assessment of their future potential of planning energy sector in country. It's memorable's
pivotal that as the quantity of homes in the nation develops and as biomass feedstock and
other inexhaustible assets become all the more promptly accessible, the genuine capability
of environmentally friendly power gadgets for home cooking might change.

In general, low temperatures are required for the majority of the cooking energy. So solar
cookers are known to be very good source of having low thermal energy. The yearly mean
daily sun radiation received by average nations is in the range of 5- 7kwm?2/day [9]. The



box type solar cooker is the one that is specified [8] in India for boiling and baking meals.
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Fig. 1: Number of box-type solar cookers in use throughout time in a given nation

In this article, a few homes are assumed to be using a box type solar cooker for
domestic cooking. The following calculation is based on the assumption that although solar
cookers cannot totally replace current cooking alternatives, they may save a significant
amount of fuel when utilised for home purposes. In other words, it is expected that if all of
the above-mentioned cooking equipment criteria are met, solar cookers will be possible
consumers.

2. INDUCTION HEATING

Induction heating is being used now a days for domestic appliances, as it is clean, gives high
efficiency and is low-cost advanced semiconductor device, it gives high performance [6].
Enlistment warming is utilized for brazing, solidifying, and dissolving in industry [7]. 80%
of the attractive field produced between the loop and the skillet is moved to the curl.
Domestic and commercial cooker will give quick warming by saving energy with different
range of temperatures [9]. Induction heating is done by electromagnetic induction in which
the ferromagnetic materials are heated electrically. Cooking is one of the numerous uses for
Induction. Induction cooking works on the concept of magnetic induction, in which eddy
currents are created in the coil, which then stimulates the ferromagnetic materials, causing
them to heat up. Many converter topologies are their which can efficiently produce time
varying magnetic field that is needed for induction heating.

In this paper, principle of working of induction heaters/cookers is presented. Different
topologies of solar electricity-based DC induction cookers like resonant converter and the
voltage source inverters of full bridge inverter, and quasi resonant topology has been
reviewed.

3. PRINCIPLE OF OPERATION OF SOLAR INDUCTION

A solar panel charges the battery by providing fluctuating DC to the solar induction
cooker. The DC from the battery is transformed to high frequency AC power with the help
of an inverter circuit. The alternating flux created in the magnetic core causes eddy currents



and hysteresis losses. Induction cooking is becoming more popular due to its great efficiency

and safety.
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Fig 2: Basic circuit of Induction cooking

Induction cooker is initially supplied with energy as fuel from solar panel and solar panel is
controlled using a controller. The energy from Solar panel can be used immediately for
induction cooker or store in the form of DC for future use. To utilise the conserved energy
later, the stored energy may be transformed into high frequency AC form using an inverter.
There is an exchanging attractive field produced by this high recurrence current in the
enlistment loop. Inducing eddy current in a pan by positioning it near to an induction coil.
This results in production of heat on pan surface. In this way internal resistance of the pan
will result in dissipation of heat. Finally, it is the pan which helps in heating and cooking
process but not the heater.

Benefits of Using an Induction Cooker:
o The sole source of heat radiation is an induction cooker
e Coll stays cool, so it will be safer
e High efficiency, so gives low electricity bills
e Gives constant power output
¢ No danger of electric shock in cooking pan
e Has flexible temperature control
e  When compared with microwave-oven induction cooker is cheaper

e No need of any special utensils, regular kitchen steel utensils are enough

4. ENERGY MANAGEMENT SYSTEM OF SOLAR INDUCTION COOKER

There are three different kinds of cooktops on the market: Gas, electricity, and induction are
all options.

* Gas: It features a burner on top that burns gas (LGP or PNG) to create a flame that cooks
food.



* Electric: A coil warms up as a result of resistance. It heats and cooks food by generating
energy.

* Induction: This method utilises electricity and the magnetic properties of steel to heat the
cooking pots directly.

Control Unit
and HMI
l Inductior
Heater
1- phase |} Ac-Dc || PC-ACHF Load
input mains Converter PWM Inverter Matching :@

M
Battery DC-DC _’

—_—
Converter

Solar Panel I

Fig 3: Solar Induction Cooking Block Diagram

In this paper, it is also explained regarding the thermal storage, which is present in food also,
even if battery is not used. As a result, the chef may use the kitchen equipment inside the
home as well. As a result, even without a battery, the solar e-cooker system offers several
benefits over a traditional solar cooker.

The expenses of 500 Wp roof top panel with its fitting and fixing
C(PV) =300[0.1/ (1 — (1 +0.1) %) + 0.05] = Rs 3500 per year (approx.) (1)

Amount of energy generated by a panel over a daily insolation average of 4.5 kWh/ m?
(assumptions of insolation are considered from paper studies) is 821.25 x 0.8 = 657 kWh

Cost of energy is approximated to
C (solar PV electricity) = 50.23/657 = Rs 5.355 /kWh 2)

The cost of energy production will depend on sunshine and interest rate. Cooking is
supposed to take 4 hours a day on average, for cooking, the monthly expenditure of energy
is estimated to be about 300 watts on an average

C(cooking) = 0.0765 x 0.3 x 4 x 30 = Rs 192.78 /month 3)

5. SIMULATION MODEL AND RESULTS

The essential goal of this exploration is to create a multi-specialist framework for family
cooking energy the executives utilizing environmentally friendly power . Many problems
that a single agent or monolithic system cannot address may be solved with the help of multi-
agent systems. Intelligence strategies for forming decisions include procedures such as
algorithmic search and reinforcement learning.

The major goal of this project is to create an intelligent habitat system by determining which
components will be able to make choices and optimise energy use through
intercommunication. The method should not affect the inhabitant comfort with respect to
the application.



In addition, the use of a Multi Agent System (MAS) as a crucial technology for providing
distributed adaptable micro-network control was examined. Each function of the system will
be allocated to a different agent in the multi-agent approach, which allows more flexibility
and autonomy than the typical solar-based induction cooking system. These agents will
closely link and communicate with each other.

The initial analysis of the solar based cooking system is done by using 555 timers. The driver
circuit for induction cooking is also developed with the help of the same 555 timer.
Simulation of driver circuit using 555 timer is done by MATLAB-Simulink.
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Fig 6: 555 Timer PWM pulses for 25% Modulation index.

The MOSFET will be ON for 20% of the cycle and OFF for 80% of the cycle. The graph is
recorded for every 20Khz frequency. The simulation results of Multi Agent System is shown
below. The main circuit is simulated with three sources solar battery and a adopter, which
are used for domestic cooking purpose.
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Fig 10: Subsystem of adaptor circuit

is constant at 4000 watts as peak, also grid is not available, solar power

and battery are available. A threshold value of 5000-watt peak is considered and categorized

as low power and

high power (If the value is less than or equal to 5000 peak then it is low

power, if value is more than 5000 peak then consider it as high power).
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Fig 11: Load power requirement



Solar power has been delivered at 48V and battery also has the terminal voltage at 48V
whereas grid voltage is zero as it is not considered in this scenario. Fig 11 shows the load
response to the first case executed in the simulation.

Fig 12: Voltage profile of sources and load power
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Fig 13: Load Response to first case executed in the simulation
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Fig 14: MAS output, switching ON/OFF sources
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Input information is taken by Multi Agent system and given to the central controller. The
central controller unit will take decision depending on the algorithm output. The decision
will be in the form of turning a particular source as ON/ OFF.

Table 1: Solar parameters

From time To time Insolation (H in
(ms) (ms) Watts/m?)
0 3 500
3.01 6 1000
6.01 10 1000

Solar source parameters (1=ON or 0=OFF)
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MAS to Solar=1; MAS to Battery=1; MAS to GridG=1

Table 2: Drive Duty cycle parameters

From time (ms) | To time Duty Cycle (%)
(ms)
0 3 75
3.01 6 50
6.01 10 75

T T T T T T

Fig 17: Voltage, Current and Power at the load side.
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Table 3: Solar parameters

From time (ms) To time (ms) Insolation (H in Watts/m?)
0 3.33 1000
3.33 6.66 1000
6.66 10 500
Solar Control parameters (1=ON or 0=0OFF) MAS to Solar =1;
MAS to Battery=1; MAS to Battery =1; MAS to GridG = 1;
Table 4: Driver- Duty cycle parameters
From time | To time (ms) Duty Cycle (%)
(ms)
0 3.33 50
3.33 6.66 75
6.66 10 50

During the time t=0 to 0.006s, it is observed that solar power which is generated is sent to
the load, as the requirement are below the threshold values in 5000 watts type. In this period
the input to solar PV is kept at 1000 watts per meter.

At time t is equal to 0.006S solar insolation level drops to 500 watts per meter square and
hence power needed by the load cannot be generated, the same is communicated to central
Multi Agent system. The grade is used as second option in Multi Agent System, the volage
across the adapter will cross the threshold limit of 47V. The power levels will increase
because the adapter output is 52V, it means more power can be generated from the source.
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Fig 21: Power requirement of load
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6. CONCLUSIONS

The key issues of solar e-cooking in terms of energy costs, usage, and conservation are
discussed in this research. The energy cost for cooking is very low in insulated stoves and
pans and these can be used in applications of both grid and off-grid case. Cooking meals
with minimal power and in an acceptable amount of time is the key technological difficulty
for this study, as well as the problem of changing cooking habits. Rice, vegetables, and meat
can all be cooked the same way, based on what we've learned, but frying is going to be more
difficult because of our limited understanding. For sun oriented e-cooking, expanding the
size of the PV board and the battery might be more financially savvy, as indicated by this
expense research. Furthermore, boosting the solar home system's power capacity allows
homes to utilise additional equipment, such as fans for cooling, tiny freezers, and so on. This
enhances the quality of life of users. The results obtained are verified with compact and low
cost efficient 500watts prototype design. In the comparison process it is found that efficiency
of the proposed converters exceeds more than 92% with full load condition due to reduction
in THD.

7. REFERENCES

[1] MNES. Annual Report: 1993-94. Ministry of Non-Conventional Energy Sources (MNES),
Government of India, CGO Complex, Lodhi Road, New Delhi (India), 1994.

[2] Mani A, Rangarajan S. Solar radiation over India. New Delhi (India): Allied Publishers, 1981.

[3] Rubab S, Kandpal TC. Box type solar cooker vs other options for domestic cooking: a financial
evaluation. Int ] Ambient Energy 1997; 18(3): 121.

[4] Oscar Lucia, Jose M. Burdio, Ignacio Millan, Jesus Acero, and Luis A. Barragan, "Efficiency
Oriented Design of ZVS Half-Bridge Series Resonant Inverter With Variable Frequency Duty
Cycle Control," IEEE Transactions on Power Electronics, vol. 25, July 2010.

[51 J. Aceroetal., "The Domestic Induction Heating Appliance: An Overview of Recent Research,"



14

In Proc. Appl. Power Electron. Conf Expo, 2008.

[6] A. Miihlbauer., “History of induction heating and melting ““. Vulkan-Verlag GmbH, 2008.

[71 K. Clement, E. Haesen, and J. Driesen, “Analysis of the impact of plug-in hybrid electric
vehicles on the residential distribution grids byusing quadratic and dynamic programming,” in
Proceedings of 24thInternational Battery, Hybrid and Fuel Cell Electric Vehicle Symposiumé&
Exhibition (EVS 24), 2009.

[8] E. Coster, J. Myrzik, B. Kruimer, and W. Kling, “Integration issues of distributed generation in
distribution grids,” Proceedings of the IEEE,vol. 99, no. 1, pp. 28 -39, jan. 2011.

Biographies

Dr.M.Lakshmi Swarupa received the bachelor's degree in Electrical and Electronics
engineering from B.V.RL.T, Narsapur in 2002, the master's degree in Control Systems from
JNTU University in 2005, and the philosophy of doctorate degree in Electrical & Electronics
Engineering from JNTU University in 2016, respectively. She is currently working as a
Professor at the Department of Electrical and Electronics Engineering, CVR College of
Engineering. Her research areas include Electric Vehicles, Hybrid Electric Vehicles, Battery
management system, Controller’s design. She has been serving as a reviewer for many
highly-respected journals, she has published in 16 National and International Journals,
presented papers in 22 National and International conferences. She has received research
grants in UGC, AICTE, DST - NewGen I[EDC, INTU-TEQIP III.



15

Mrs.K.Deepika received the bachelor's degree in Electrical and Electronics engineering
from  gayatri vidya parishad college of engineering in 2008, the master's degree in
Power systems from College of Engineering Pune in 2012, and registered for philosophy of
doctorate degree in Electrical & Electronics Engineering in Gitam University in 2020,
respectively. She is currently working as Assistant Professor at the Department of Electrical
and Electronics Engineering, CVR College of Engineering. Her research areas include
HVDC Transmission, Microprocessors and Microcontrollers, Digital Logic Design, Power
System Operation and Control, Switchgear &amp; Protection, Principles of Electrical
Engineering. She has coordinated many FDPs related to Power electronics. She has
published in 6 National and International Journals, presented papers in 8 National and
International conferences. She has received research grants in DST - NewGen IEDC.

Mrs.G.Divya received the bachelor's degree in Electrical and Electronics engineering from
CMR college of engineering in 2008, the master's degree in Electrical power engineering
from CVR college of engineering in 2011, and registered for philosophy of doctorate degree
in Electrical & Electronics Engineering in Gitam University in 2019, respectively. She is
currently working as Assistant Professor at the Department of Electrical and Electronics
Engineering, CVR College of Engineering. Her research areas include HVDC Transmission,
System Operation and Control, Switchgear &amp; Protection, Principles of Electrical
Engineering, Electric Vehicles. She has published in 6 National and International Journals,
presented papers in 8 National and International conferences. She has received research
grants in DST - NewGen IEDC.



Efficiency Improvement by Thermo-Mechanical Coupling

Tapan Sen, Sumit Paul

Department of Mechanical Engineering, UEM, Jaipur
sumit.paul@uem.edu.in

Abstract:

Electric motor or generator when running on load becomes hot due to the heat produced by the
energy that is lost in the process of the electromechanical conversion of energy. There are
suitable cooling and ventilation system to dissipate the heat, thereby putting a limit to the rise of
temperature of the machine. Additional cooling measure by way of using thermo-mechanical
coupling in torque transmission between the driving-shaft and the driven-shaft may facilitate
faster dissipation of heat from the machine, thereby reducing somewhat the maximum
temperature rise of the machine bringing in improvements in many aspects of performance of
electrical machine.

Keywords. Performance, efficiency, temperature, coupling, cooling

1. INTRODUCTION

Electric motor upon running on load for some length of time appears hot, temperature being
considerably higher than the ambient temperature. There are various cooling methods for
purpose of cooling and ventilation of the machine. The source of heat and the necessity and the
way of cooling thus appear important features in matters of electric dynamo, more particularly
of performance, analysis, design and construction aspects.

The electric dynamo operates on the principle of electromagnetic energy conversion which is
necessarily accompanied by a certain amount of irreversible conversion of energy to heat in the
conversion device e.g., electric motor or generator. In each time of energy conversion process,
say electrical to mechanical or mechanical to electrical, some of the energy is used up to meet
the losses in the conversion process. These losses are converted into heat and are lost from the
system for ever. Thus, electromechanical energy conversion is a reliable process except for the
losses in the system.

It becomes a necessity to arrange to dissipate the heat produced in the machine. There are
developed cooling and ventilation system of various types. Heat is dissipated by way of
radiation from the surface of the machine and by way of convection by circulation of air by fan
which itself consumes some power. There are too many applications of electric motor to act as



prime mover to drive some mechanical equipment viz. pump, gearbox. In many a situations
mechanical coupling e.g., flange coupling, gear coupling are used to connect driving shaft with
driven shaft for torque transmission. Some modified coupling, say thermo-mechanical coupling
may provide additional scope of dissipating heat by conduction which may help reducing the
maximum temperature rise of the electric machine. Thus, lesser rise of temperature of the
machine in steady-load service remain beneficial for the electrical machine.
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Figure 1: Different types of losses in motor

A. Energy losses and efficiency

The energy losses arise in electromechanical conversion process because of several reasons, e.g.,
circuit resistance (copper or electrical losses), existence of alteration of fluctuating magnetic
fields (core or iron losses) and mechanical losses (friction and windage). Although they play
essentially no basic role in the energy conversion process, these are nevertheless important
factors in practical application of machines.

These machine losses are important for basically three reasons.

1) Power losses determine the efficiency of the machine and appreciably influence its
operating cost.

ii) Power losses determine the heating of the machine and hence fix the rating of
power output that can be obtained without deterioration of the insulation because
of overheating.

iii) The losses associate with voltage drops or current component used to be accounted

for in a machine representation for desired analysis of electrical machines.

B. Efficiency



The efficiency (1) of an electrical machine, like that of any other apparatus, is defined as the
ratio of useful power output to the input power.

Machine efficiency, n = output/input

or, 1 = output / (output + losses)

or, n = (input — losses) / input

OF, M = 1 = 1OSSES/INPUL .. eeeteeet ettt e e et et e eae e et e e e neeeeens 1)
Considering various power stages in dc generator represented as in figure 2
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Figure 2: Schematic power stages in a dc generator.
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Rotating electrical machines in general operate efficiently at light loads. The full load efficiency
of average motors, for example, is about 74% for 0.75kW size, 89% for 37kW, 93% for 375 kW
and 97% for 3750kW. The efficiency of slow speed motors is usually lower than that of high-



speed motors, the total spread being 3-4%. Load current vs efficiency curve appears as in figure
3.

For electrical machines, efficiency is most commonly determined by measurement of losses
instead of directly measuring the output and input under load. Loss measurement have the
advantage of conversion and economy and of yielding more accurate and precise values of
efficiency because a given percentage error in the measuring of losses cause only about one-
1 ) . . . :
tenth (1—0 th) of their percentage error in the efficiency. Efficiency determined by the
measurement of losses can be used in comparing machines if exactly the same methods of
measurement and computation are used in each case.

C. Constant and Variable losses

The losses in electromagnetic conversion process, say for a dc generator or motor can be
subdivided into i) constant losses ii) variable losses.

i) Constant losses: -  Those losses in an electrical machine which remain constant at all loads
are known as constant losses. e.g. - a) Iron losses b) mechanical losses c¢) shunt field losses.
ii) Variable losses: -  Those losses in a dc generator/electrical machine which vary with load

are called variable losses. e.g. - a) Copper losses in armature winding (I.2R,) b) copper losses
in series winding (Is’Rse)

Total losses = Constant losses + Variable losses.

The point at which the variable losses are equal to the constant losses determine the maximum
efficiency. The value of load current (IL) corresponding to maximum efficiency can be
determined as,

P
L=V~

Rq
The efficiency of an electrical machine, say of a dc generator, will be maximum when the load
current is such that Variable losses = Constant losses.

D. Temperature rise in electrical machines

For the losses in various parts, heat is developed causing the temperature of that part to rise. This
temperature rise continues until all the heat generated is dissipated to the surroundings by one
or more of the natural modes of heat transfer like conduction, convection and radiation.
Ultimately then, under steady load, each part achieves final temperature, the magnitude of which
depends on balances between the rate at which heat is developed in that part (or received by
conduction from a hotter part) and the rate at which heat can be dissipated which is determined
by effectiveness of the cooling method.

The temperature rise depends on

1) The amount of heat produced
ii) The amount of heat dissipated per °C rise of temperature from the surface of the
machine.

According to Newton’s law of cooling the rate of loss of energy of a hot body is proportionate
to the difference in temperature between the body and the surroundings. This law is



approximately true for moderate temperature difference (up to 100°C) and for the bodies
dissipating heat by radiation and natural convection. It means that the amount of heat dissipated
per 1°C rise of the surface of a machine depends on the surface area of cooling.

E. Size of motor

The size of motor for any service is governed by the maximum temperature rise when operating
under the given load condition and the maximum torque required. The form is more important
because if the motor operates satisfactorily at maximum temperature rise it will usually provide
the required maximum torque except in special cases where the load consist of heavy peaks
followed by relatively long intervals of no load. Electric machines are therefore designed for a
limiting temperature rise.

F. Insulation

In fact, continuous rating of a machines is the rating for which the final temperature rise is equal
to or just below the permissible value of temperature rise for insulating material used in
protection of motor windings. In any situation if the temperature rise of 50°C can be brought
down to a limit of 40°C, then insulation A can be utilized for 40°C temperature rise instead of
utilizing insulation B which is applicable for 50°C temperature rise. When the machine is
overloaded for such a long time that its final temperature rise exceeds the permissible limit, it is
likely to be damaged. In worst cases, it will result to an immediate thermal breakdown of the
insulating material which will cause a short circuit in the motor thus putting a stop in its
functioning. The short circuit may also eventually lead to a fire.

In less severe cases, immediate thermal breakdown of insulating material may not occur, but the
quality of insulation will deteriorate such that the thermal breakdown with future overloads or
even natural loads might soon occur, thus shortening the useful life of the machines. The
temperature rise to which a motor be allowed to rise is limited by the insulation employed.

2. HEATING TIME CURVE

The maximum temperature rise which should not be exceeded by different types of motors are
fully set out in the relevant IS. Since temperature rise is one of the chief features in fixing the
size of a motor, its calculation become a matter of importance.

For determination of an expression for the temperature rise of an electric machine after time t
seconds from the instant of switching it on, let

Power converts into heat = P joules/s or watts

Mass of active part of machines =m kg

Specific heat of material = Cpjoules/kg/°C
Surface area of cooling =S metre?
Coefficient of cooling = o in watts per metre? of surface per °C of difference between

machine surface and ambient temperature.



Assumptions made

1) Losses and heat produced remain constant during the temperature rise.
ii) Temperature of cooling medium remain unchanged.
iii) Heat dissipated is directly proportional to the difference in temperature of the

machine and cooling medium.

Suppose a machine attains a temperature rise of 8°C above ambient temperature after t seconds
of switching on the machine and further rise of temperature by df in very small time dt.
Energy converts into heat = Pdt joules
Heat absorbed =mC,d0 joules
Heat dissipate = SOadt joules
Since, energy converted to heat = Heat absorbed + Heat dissipated
Therefore, Pdt = mC,d0 + SOadt

or, (P-SOa)dt = mC,d6

dt

or _deé
> m Cp/Sa P/Sa_e ............................................................................................................

When final temperature (0r) is reached, there is no absorption of heat, whatever heat is generated
has to be dissipated.

=~ Pdt = SOrodt
or, Final temperature rise, 6 = &(7)
Substituting OF = & in equation (6)
Sadt _  d6
We get, s 950
Integrating both sides, we get "‘?—?p t=-108(Or— )T Kioooe ®)

K, = Constant of Integration

Substituting t = 0, 8 = §; in equation 8, initial temperature rise from initial condition, we have
0=- loge(HF— @1)+ K,

or, K; = loge(0r — 0))

So equation (7) becomes

S
;ﬁ;t=—logaep—-9)+logiep"gﬂ

Sa _ Op—6
or,m—cpt = ogeep_e1
_Sa , _ 6p-6
or,e mCp —m
_sa,
or, QF—G = (HF—01) e mep
Sa
maz&4w7@eﬁﬁfmmmmmmmmmmwmmwmwwmwwmwmwmxm

mcCp . . .
o= 18 known as heating time constant.

If motor is at ambient temperature 6; = 0
t
0= 91: - 91: e ;h



or,d=0p(1-e rh) e L (11)
Heating time constant is deﬁned as the tlme taken by the motor in attalnmg the ﬁnal steady Value
If the initial rate of rise of temperature were maintained throughout the operation.

Substituting t= Th in equation (11), we have 8 = Or (1-) =0.632 O c..cvevevevereeeeee e (12)

T o4 _

TEMPERATURE RISE. &

TIME, t
Figure 4: Heating time curve

So, heating time constant may also be defined as the time duration in which the machine will
attain 63.2% of its final limit rise above the ambient temperature the corresponding heating curve
has been shown in figure 4.

From equation 7, i.e., 8r = P/Sa, it is obvious that fris directly proportional to the power losses
and inversely proportional to the surface area S and specific heat dissipation a. For poorly
ventilate machines, it will attain a higher final temperature rise.

Heating time constant t,, being equal to mCp/Sa, has small value for well ventilated machines
and large value for poorly ventilated machines.

Large size machine has large heating time constant because with the increase in size of machine,
the volume hence the mass increases in proportion to third power of linear dimensions and
surface area S is proportional to second power.

Typical values of heating time constant lie between about one and half hour for small motors
(7.5 kW to 15kW) up to above five hours for motors of several hundred kW.

3. COOLING TIME CURVE

After reaching steady temperature rise 67 and operation of the machine, during which period
heat production due to losses get dissipated equally, when machine is switched off, no heat is
produced.



So, Heat absorbed + Heat dissipated = 0 and 7. = mCp/Sa’ is cooling time constant.

O=0r e =0.3680F ...oouoiiiiiiiiiie e s o2 (13)
L.e. cooling time constant may also be defined as the time required for cooling machine down to
0.368 times the initial temperature rise above ambient temperature. It has been shown in figure
5.

The heating and cooling curves follow an exponential law. Heating time constant and cooling
time constant may be different for the machines as the ventilation condition in the two cases may
not be same.

The cooling time constant of a rotating machine is usually larger than its heating time constant
owing to poor ventilation condition prevailing when the machine cools.

In self-cooled rotating machine, the cooling time constant is about 2-3 times greater than its
heating time constant because cooling condition are worse as the machine stands still.

= r
-

—— TEMPERATURE DIFFERENCE, 6 —

TIME, t .

Figure 5: Temperature difference-time curve



4. COOLING AND VENTILATION OF ELECTROMECHANICAL
MACHINES

It is necessary to provide suitable ventilation and cooling for the machines so that temperature
rise at any part of the machine does not exceed the permissible limit governed by the types of
insulation employed in the construction. The cooling of electrical machine by means of air
stream is taken as ventilation.

There are various methods of such ventilation and cooling like natural cooling, self-cooling and
separate cooling, open-circuit ventilation, surface ventilation and others. Alongwith also comes
types of enclosure for protection of man and machines both and IS-4691 provides the IP codes.
The types of enclosures corresponding to the service condition and vicinity of location of the
machine include open type, protection type, screen-protected type, totally enclosed fan cooled
type (TEFC), pipe ventilation type and other types.

5. ADDITIONAL COOLING

Important relations below indicate that increase in the heat dissipation brings down the value of
parameters like temperature rise, heating time constant and influence the heating curve well.

t
Or = p/Sa, T =mCp/Sa, 8 = 0 (1 -e™ )
In general, Sa represents heat dissipation from the surface area of the electrical machine that
radiate heat to the atmosphere. In well ventilated fan cooled machine heat dissipation takes place
also by convection by flow of air.

There are too many applications of the electrical machine in driving the mechanical equipment.
Coupling is employed to connect the driving shaft of motor with the driven shaft of the
mechanical equipment and torque is transmitted from motor shaft to the shaft of mechanical
equipment e.g., gear box, pump.

Such mechanical coupling, say flange coupling of improved concept and design may give scope
to dissipate heat by conduction from motor shaft to the driven shaft of mechanical equipment
which apparently become heat sink and the temperature of such driven-equipment may not
change appreciably and remain near ambient temperature. Heat dissipation from electrical
machine by application of such coupling in transmission of heat from prime mover to utility
equipment may facilitate reducing the temperature rise 6 and the heating time constant 1, and
in turn, improve the relevant features like rating, life, insulating matters.

Considering additional heat dissipation by conduction by way of use of thermo-mechanical
coupling of suitable design the heat balance equation develops to

Pdt=mCp,dO+Si Qo dt+SsBondt....c.oeoiiiiiiiiiiiiiiicnnenenceneneee e (14)



Where S, 6 ax dt is the equivalent of heat dissipation by conduction through thermo-mechanical
coupling indicate here in afterwards.

The final temperature rise 8 at steady-state operation appears,

P

ro__

BF - S—
101+S203

or, 0f =

3
Spaq (142222

51“1)

or, 0y =0 . %
Where h= (1 4+ 2222 ) > 1 oo eeeeeeeeeeceeeeeeeeeeeeeseeeeessseeessseessseessesseensees e ens (13)
S1aq
Also the heating time constant t' in such case reduce to
' mCp
S1a1+Sa;
' mcCp

or, T =1 % where h>1
The corresponding heating curve follows (in figure 5)
t

0=0p - (0p-0) e v
When 0, being ambient temperature, 6; = 0
t
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Figure 6: Temperature rise-time curve



6. THERMO-MECHANICAL COUPLING

Generally, a flange coupling of Cast Iron, used in connecting shafts manufactured separately for
transmission of torque looks as in the figure 7.

Figure 7: Flange coupling of Cast Iron

With such basic construction and design modification a thermo-mechanical coupling may be
considered in figure 8.

..............

leaf leaf

a) Equal Shaft b) Unequal Shaft
Figure 8: Thermo-mechanical coupling
The heat transmission leaf of suitable material like Cu, Al or Zn need be of required shape and

dimension with due design and maintenance considerations, may be in multiple numbers. This
leaf is accommodated into the suitable designed groove of the hub of the flange of the coupling.



The two shafts (driven and driver) are connected by such heat conducting leaves inserted into in
the groves of the pair of flanges so as to have contact with the surface of both the shafts thereby
can dissipate heat by conduction from hotter shaft to colder one. The leaf should not disturb the
natural alignment of the shafts while the coupling transmits torque. This type of coupling
continues to dissipate heat when the machine is switched off thus improves the cooling curve of
the machine.

7. DUTY CYCLE

The nominal duty of the drive motor is the duty corresponding to the service condition and
performance marked on its name plate. There are three types of duties viz

1) Continuous duty

2) Short time duty

3) Intermittent duty or intermittent provided duty
Continuous duty is that duty when the on-period is so much long that the motor attains a steady-
state temperature rise. Figure 9(a)
The heating and cooling curves for short time duty motor are given in figure 9(b). The short time
duty motors operate at a constant load for some specific period which is then followed by a
period of rest. The period of run (or load) is so short that the machine cannot attain its steady
temperature rise while period of test is too long.

The heating and cooling curves for intermittent periods, duty motors are illustrated in figure 9(c).
On intermittent duty the periods of constant load and rest with machine de-energized alternate.
The loading periods are too short to allow the motor to attain its final steady-state value while
periods of rest are too small to allow the motor to cool down to ambient temperature.

Intermittent rating of a machine as the load which is applied during a certain fraction of time of
a load cycle and the temperature rise limit is not exceeded.

The heating and cooling curve for maximum temperature rise of i) O ii) 0¢', where 0 > 0f' for
various types of duties become modified as given in schematically figure 5.

The duty cycles for various motor duties appear as in figure 10.
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8. RATINGS OF MACHINES

The rating of a machine must give the necessary information to safeguard the application of the
machine from condition of operation which (i) would result in unsafe mechanical or electrical
strains upon any part of its structure or (ii) would result in excessive deterioration of the
mechanical or electrical characteristics of materials of construction. To give the information
related to an electric machine should include the output voltage, speed and any other information
that may be necessary for the proper operation of the machine.

Electric generators and motors are rated in terms of kVA or kW output at a given speed and
voltage. The size and rating of an electric machine for some service is mainly governed by the
factor ‘temperature rise’. The maximum temperature to which an electric machine is allowed to
reach is limited by the type of insulation employed.

The maximum temperature rise permissible with insulation A and insulation B may be 40°C and
50°C respectively. Overloads are permissible generally for short period of time but when
machines are required to carry greater loads than those specified, they must be kept under
inspection to see that the temperature does not rise too much and that severe sparking at the
commutater does not occur.

The type of service to which a machine is subjected to is of great importance. The machine
operating continuously at rated (or near rated) load are physically larger than those working at
intermittent loads. Also, electric machines that are not enclosed and are, in addition, well cooled
by fans are likely to have higher ratings than covered up machines or those machines located



where air does not circulate freely through or over them. High speed machines employing mica
glass tapes and the new silicon insulation can generally be physically smaller, in given ratings
than the low-speed machines employing standard insulation.

9. TESTING OF MOTORS

Electrical machines, particularly generators and motors are likely to undergo various tests for
quality performance and life of the machine e.g., load, efficiency, insulation rating. There are
various situation-specific testing methods like direct, indirect, regenerative method and others.

Heat run test or temperature rise test indicate the maximum temperature attainable by the
machines while operating under certain load condition.

Heat Run test or Temperature Rise test

The life of insulation of electrical equipment depends upon the maximum temperature attained
during operation. The objective of the test is to find out the actual maximum temperature attained
while the machine is operating under certain load condition.

The back-to-back load is performed for the temperature run also. The normal duration of the hot
run test for large machine is about 6 hours. In some cases, to avoid waste of energy during testing
and to reduce testing duration (which is normally till the temperature rise attains a steady value),
short time test is carried out and ultimate temperature rise of the machine is determined from the
data obtained from these tests.

t
The equation for temperature rise is given by, 6 = 6, (1- e 7)
Where 0 = the temperature rise at time t, 6, = maximum temperature rise, T = heating time
constant depending upon the thermal capacity of the insulation and the rate of dissipation of heat.

1
The above equation being simplified by substituting e = by k. we get § = 0,, (1-k").
Whent=1, 0; = 0, (1-k). t =2, 0> = 0,, (1-k?). k?

6,  1-k? 6,64
Then 5. 1k or, k o
. . 61
And the maximum temperature rise, 6, = ﬁ U SURSISRPPPRR @ i) |

It will thus be possible to determine the maximum temperature rise by taking two or more
0,-61 _ 03-6, _ 0,—63
016 6;-61 636,
The interval of time during the test for measurement of temperature may be taken as 30 minutes
or even smaller.

Example: in a heat run test on a dc machine, three consecutive readings taken at 30 mints time
intervals were 35°C, 45°C and 50°C.

So, ratio of temperature rise during successive intervals of time,

= 0201 _50-45 _ ¢

readings at regular intervals of time, i.e. k= and so on.

01-6¢
1-k

Maximum temperature likely to be attained, 6,, = 6y +



45-35
1-0.5

When k =0.5 we get 8,, =35 + =55°C

10. CLASSIFICATION OF INSULATING MATERIALS

The temperature rise which electric motor can safely withstand is determined by thermal stability
(limiting temperature) of the insulating materials used in them. By using materials of higher
thermal stability, motors of the same physical size may be rated for larger power output.

Different insulating materials have different limiting temperature. For example (ref. IS-1271),
Class y (90°C), Class A (105°C), Class E (120°C), Class B (130°C), Class F (155°C), Class H
(180°C)

11. CONCLUSION

Arrangement for additional heat dissipation from electrical machines by using thermo-
mechanical coupling in torque transmission appear to be beneficial to various aspects of such
machine e.g. improving the heating curve, cooling curve, lessening power consumption in
cooling and ventilation by fan, increase in effective output power, reducing the heating time
constant vis-a-vis maximum temperature rise, reducing cooling time constant, enduring
insulation, improving the rating vis-a-vis reducing size or frame size of machine and reduces
temperature dependent losses indicating more efficient performance of the machine. The
machine may perform in relatively tougher service condition. In case effective output power
increase even by 0.1%, in the power consumption order of 1 TW in the corresponding
application, the saving of power ranges to 1000 MW which remains not negligible.
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Abstract.

The future of power system is 'Smart Grid' for which microgrids are the building blocks.
Renewable energy sources, such as solar, wind and various distributed generation (DG)
units, and as well various energy storage systems (ESS) are encouraged to integrate with
grid. Since they incorporate the benefits of AC and DC distribution networks and which do
not entail any unnecessary changes to the distribution network, which emerge hybrid
microgrids as a promising solution. They need more complex control techniques, though,
since they must handle the alternating current and direct current networks at the same time
as well as interface the power converters. This paper examines power management
strategies in grid-connected and grid-disconnected operational modes in hybrid microgrids
with renewable energy sources.

Keywords. Hierarchical control, Hybrid Microgrids, Interconnected converters,
unidirectional/bidirectional power flow, Distributed Energy Resources, Energy Storage
Systems.

1. INTRODUCTION

The definition of micro-grids with classification schemes, including controllable loads in
addition with energy storage systems, are found in several literature, for instance in [1] —
[4]. Microgrids are operated in a dependently when connected to grid and independently
when isolated from grid.

There are three microgrid structures available: AC microgrid, DC microgrid, and hybrid
microgrid [5], [6]. While AC system is the most prevalent configuration of micro-grids,
there has been a lot of interest in DC micro-grids because of some advantages, such as the
lack of the requirement for reactive power or synchronisation, also the growing number of
electric vehicles, smart DC devices and DC loads that are available. The hybrid micro-
grid, on the other hand, combines the greatest features of both designs. A hybrid microgrid
is a design that merges a greater number of separate AC microgrids and DC microgrids
using bidirectional power electronics interlinking converters (ICs). Here, ICs provide



power management with neighbouring AC-DC microgrids. The DC microgrid is connected
to the main utility grid by voltage source or back-to-back converters [7], [8] and it is
adjacent to AC subgrids via bidirectional ICs. The IC serves as the foundation for hybrid
microgrid management and control. IC is largely accountable for the efficient regulation of
transmission of power between the AC microgrids and DC microgrids. The IC controller
may also be set to function in island mode to guarantee identical loading of the AC
microgrid and DC microgrid based on their capacity, minimum load peeling and renewable
power reduction in the hybrid microgrid as a whole in addition appropriate reserve and
loadability buffer intended for the overloaded microgrid.

Advanced hybrid microgrids can also balance renewable energy demand, plan resource
dispatch, and maintain system dependability. It is also capable of controlling the inter
connection and interactivity of complicated distributed generation arrangement, demand
response, storage as well controlled loads, and energy management systems [9]— [13]. The
operation of hybrid micro-grids comprises secure and suitable power management
strategies, mostly based on droop control, to govern load contribution between AC and DC
sources.

The layout of the paper is divided as follows: Section two is a concise description of the
hybrid microgrid definition, here the key characteristics as well as related control and
operation issues are stated. In section three, challenges and research findings are discussed.

2. HYBRID MICROGRID CONTROL

An AC microgrid and a DC microgrid, as well as an interface between the two power
converters that regulates power flow connecting these microgrids and the main grid
comprise hybrid microgrids. The AC microgrid mostly have AC dispersed energy
resources (DERs) and AC loads in the hybrid structure, whereas the DC microgrid
primarily consists of DC dispersed energy resources and DC loads [7]. Every extra energy
generated in a DC microgrid is normally stored in storage systems, such as batteries.
Simultaneously, excess energy generated in the AC subgrid can be stored in AC ESSs such
as flywheels. In Fig. 1, A typical hybrid microgrid arrangement is shown as both AC
microgrid and DC microgrids connected through interlinking bidirectional converters to
the utility grid [14].

The hybrid AC-DC microgrid's topologies and power management strategies are discussed
in [15]- [17]. The hybrid AC-DC microgrid plan and design representation is suggested in
[18], [19], which can evaluate the dispersed energy capability, and study the effect of the
load ratio of AC-DC. Here, in aforementioned literatures, however, the work is focused on
the single optimization problem of AC-DC hybrid microgrids, except there is a short of
efficient coordinated optimization idea in terms of economics, dependability, and other
difficulties.

The organized approach that administers all such devices connected to the network is one
of the mainly distinguishing types that distinguish microgrids from traditional distribution
networks. Because microgrids are distributed, this strategy is crucial for effective
management [20].
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Figure 2.1. A Typical Hybrid AC-DC microgrid

Microgrids may function in both grid-tied and grid isolated operational modes, allowing
for the effective integration of Dispersed Energy Resources (DER).

The microgrid control structures have following major roles [21]-[28]

e Microgrid synchronization with utility grid;

e  Power transfer between the microgrid and utility grid;

e Active and reactive power management of microgrid at different operating
modes;

e Smooth transition among different modes of operation of microgrid —i.e., grid-
connected to isolated mode or island mode to grid-tied.

e  Proper coordination between DER and load;

These requirements have different definitions and time scales, and thus require a
hierarchical management system to handle each requirement in a different hierarchy of
management. There are three level of hierarchical power management policy, namely
primary, secondary, and global/tertiary controls.

2.1 Primary Control

The primary control is a self-regulating main/local control approach which permits each
DG unit to function separately. It is essential to offer unique active and reactive power
contribution regulations for DERs in the existence of both linear and nonlinear loads.
Furthermore, power sharing regulation limits the circulation of undesirable currents. This
main level of control consists of simple control circuitry, sometimes referred to as zero-
level, that contains DERSs' internal voltage as well current control loops. In the literature
primary management strategies implemented are namely grid-feeding and grid-forming as
expressed in [29], [30]. While some research on main control mechanisms is available, it
typically focuses on AC microgrids or DC microgrids [4], [31]. In this case, grid-forming
as well grid-following management approaches are being examined for execution [32].



2.1.2  Grid-following control

To be grid-connected, the microgrid must adhere to the network's distribution
requirements. Local control, which comprises fundamental control hardware such as DG
inner voltage as well current control loops, keeps DGs stable by sensing and adjusting
local signals. It is essential to supply autonomous active and reactive power contribution
management for DGs/RESs in addition to limit undesirable circulating currents using the
accessible current, voltage, and frequency feedback signals. While in grid-tied operation
mode, the main grid sets the voltage as well frequency of microgrid, so that local DER
device controllers generally function in current-control mode to take out maximum power
as feasible from energy resources [4].

2.1.2  Grid-forming control

In the case of any aberrant operation or situation affects the grid, the microgrid should be
unplugged and switched to grid-isolated operating mode. During these situations, DG and
ESS systems must maintain balance of active and reactive power of the microgrid's AC
and DC networks. In this case main control provides reference inputs to the voltage and
current control loops of DERs referred as zero-level control. To accomplish zero-level
control, PQ or voltage control modes are typically employed [31]. Depending on the
needs, several DG units may operate to regulate voltage of the network, i.e., in grid-
forming mode, and the remaining will remain in the grid-following mode [4].

2.1.2.1 Single Grid-Forming Unit

In the case of just one grid-forming unit availability in an isolated mode of microgrid, such
unit stays with simpler voltage control with a predetermined reference voltage. Numerous
grid-forming machines with the same specified reference voltage cannot be connected to a
single distribution network. This will cause circulating currents, synchronisation problems,
and inconsistencies in power contribution. Hereafter, all other units must be grid-
following. The grid-forming unit will entirely remain dependable on power balance of the
network [5].

2.1.2.2 Multiple Grid-Forming Units

If numerous dispatchable DG units are supplied into a microgrid, electricity must be
swapped, for example, based on unit ratings. As a result, synchronisation is required for
hybrid microgrid networks in such a way to assure voltage and frequency stability when
performing balanced power sharing [4].

The droop control method is often utilised for main control in islanded microgrids. Droop
control imitates traditional grid control in microgrids based on the well-known droop
controllers of Q/V and P/f with many grid-forming DG interface converters, and did an
exhaustive analysis of grid-forming control schemes [33].

2.2 Secondary control

In the case of secondary control, a communication-based approach for similar construction
of DGs, provides power sharing by adjusting for voltage and frequency fluctuations
induced by local control operation and load fluctuation. This type of control is meant to
have a weak dynamics response than the main, that explains the decoupled dynamics of the
primary and secondary control loops and simplifies their respective plans [4]. Secondary
controls, also known as second layer control loops, help inner control loops by minimising



steady-state defects and increasing power quality inside MGs. They work closely with both
local and central command units. In grid-tied mode, all DGs and inverters in microgrids
utilize grid electrical signals as references for voltage and frequency regulation. The DGs,
however, lose the main grid's reference signal when operating in the islanding mode. In
this circumstance, they could collaborate to handle a simultaneous operation using
single/multimaster operation approaches. Some of the secondary controls necessary to
improve the performance of parallel operations for DGs are also included (or inverters).
Many control systems for successful similar operation of DGs/inverters are known in the
literature, including current or power sharing, master or slave, and generalised frequency
and voltage droop control strategies [30].

Secondary control techniques are classified as either centralised or decentralised. In
centralised techniques, the microgrid is administered by a tertiary control level as the
microgrid central controller or MGCC [20], [25], [34]. In grid-tied mode, the secondary
centralised control compensates for change in frequency and voltage in main control levels
using the reference supplied by the higher tertiary level. In contrast, after an islanding
process occurs, these references are generated internally [22]. The authors suggest a
centralised secondary control mechanism for both hybrid microgrid networks.

Power management duties in generating and storage units are recalled in non-centralized
control schemes. This suggests that they are included into the local controller rather than
the MGCC, so that bypassing the communication network with higher-level control
mechanisms [35]. The fundamental benefit of these control systems is that if a problem
increase, the remaining part of the microgrid may continue to function normally after the
malfunctioning unit is unplugged. Because it provides a simpler communication network
with plug-and-play device connections, the non-centralized control method is considered
as an interesting choice for microgrid integration at the power distribution level [20], [34],
[35].

2.3 Tertiary control

Topmost degree of power management of numerous linked MGs and communicating
needs with the utility grid is tertiary control. The tertiary control system, for example,
might include coordination capabilities for active/reactive power control of a grid
comprised of the utility grid and interconnected MGs [22]. In grid connected mode, the
power transfer between the microgrid and the utility grid may be adjusted by varying the
amplitude and frequency of DERs voltages. Tertiary control is the highest level of
management coordination for the operation of many connected MGs and communicating
demands with the utility grid. For example, the tertiary control system might incorporate
coordination capabilities for active/reactive power control of a grid comprised of the utility
grid and linked MGs [36]. In contrast, from a tertiary control standpoint, the MG may be
programmed to cooperate with the distribution network as a dispatchable and constant
impedance load.

Tertiary level control is concerned with aspects of an MG's overall responsibilities, such as
power transfer between the utility grid in addition/or other linked MGs. In general, the
most important tertiary control objectives are generation schedule optimization, improved
overall system management and dispatch services, energy disparity correction, and
spinning reserve function. MGs can also be coordinated with the MGCC to provide
various ancillary services aimed at improving the utility grid's performance [4].
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Figure 2.2: Hierarchical microgrid control structure

Furthermore, by including ESSs into the MG, these services might be expanded even
further. In this circumstance, tertiary management will give functionalities like effective
reserve capability extension, largely peak shaving, frequency regulation, backup of
determined electrical islands, and increased control of day-by-day renewable energy cycles
[37].

3. CHALLENGES ASSOCIATED WITH HYBRID MICROGRID

Microgrid protection and control systems must overcome operational problems in order to
maintain adequate levels of dependability and take out possible benefits from DER. Some
of the issues originate from incorrect assumptions, which might lead to system instability.
When it comes to replicating power system control within a microgrid, the majority of the
problems originate from the traditional distribution and transmission systems that still exist
in today's power networks. The following are some of the microgrid control challenges
[38]-[40]:

o Bidirectional power flows: The existing power system, as well as the distribution
feeders that go with it, are built for unidirectional power flow. In such system use of DG
units in low voltage networks is projected to necessitate bidirectional power flow, with
customers acting as prosumers. If existing feeder systems are maintained during
availability of DG units in distribution networks, complications like as reverse power flow,



unexpected power flow patterns, imbalanced voltage levels, and fault current flow may
occur.

. Low inertia: Solar modules and fuel cells like renewable energy sources have no
inertia, while others, such as wind turbines, have a low inertia. In contrast to huge power
systems with thousands of synchronous generators assuring high inertia, these power
electronic based DG units in microgrids have low inertia characteristics. In spite of the fact
that power electronics-based DG units have higher dynamic performance; their low-inertia
features may cause frequency variations in the islanded operation mode if proper
administration mechanisms are not implemented.

. Stability issues: Because of the interaction between the different control dynamics
of the DG units, local oscillation may develop. A comprehensive small signal and transient
stability study is also required for a smooth transition between microgrid grid-connected
and isolated mode of operation.

o System modelling: In a typical power system at the transmission level,
assumptions such as a low X/R ratio, balanced three-phase condition, and steady power
loads might be assumed valid. However, when considering a microgrid with low voltage
distribution networks, these assumptions are incorrect. As a result, new modelling is
necessary.

. Cyber-physical security: Because prosumers and DG units are scattered,
controllers must connect through communication networks. Malware and data theft are
both threats to cyber networks. Cyber-physical security is becoming increasingly essential
as the number of microgrids and their related controllers grows.

. Uncertainty: The most renewable DG units are linked with uncertainty,
intermittency, non-linearity, and unpredictability. To enable effective and consistent
microgrid operation, specific levels of coordination across multiple DG units are
necessary. Especially in the isolated mode of microgrids, where maintaining generation-
consumption balance is more difficult owing to the high incidence of component failures
and the unpredictability associated with load profile and weather prediction. Due to the
presence of strongly correlated output fluctuations of available energy sources, known as
the restricted averaging effect, the unpredictability rate in a microgrid is actually higher
than in a big power system.

4. CONCLUSION

The review focused on current work on hybrid microgrid integrated with renewable energy
sources. The primary problem, especially for those operating in the islanded mode, is
power management and control strategy. This is mostly owing to the microgrid's necessity
to control voltage, frequency, and power delivery in addition to power supply. In the
literature, many methodologies for analysing power-sharing possibilities for AC and DC
microgrids have been given. The authors highlight three major study areas: hybrid
microgrid convergence, system control, and distribution network modelling. This research
investigated power management strategies in hybrid microgrids, as well as the benefits,
difficulties, and solutions interfaces together AC microgrids and DC microgrids. Such
systems' unidirectional/bidirectional power flow capabilities, as well as changes in
frequency and methods, were explored.
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Abstract

Over the last few years matrix converter gain popularity due to system become less bulky,
compact in size or shape, more efficient & reduces stages of conversion process. The
major influence in the research filed of electrical engineering by electric vehicle charging
station in which using renewable charging station such as wind energy system VFD force
control. It includes the very deep utilization in single phase or three phase matrix converter
& its future in upcoming EVs charging station. This paper is a review paper of single
phase & three phase of AC to AC Direct converter. Consideration about the practical
implementation & constructional Bidirectional switches of matrix converter, no restriction
on input & output. For single phase it will operate on 4- quadrant.

Keywords. Matrix converter, Direct Converter, MC

1. INTRODUCTION

Direct converter is successful arrangement for power conversion. It accommodates
changes in force with the high effectiveness, no need of DC link capacitor for storing. At
first Gyugyi proposed this technology in terms of topology in 1976. Single phase matrix
converter first launch by Zuckerberger in the year of 1997 as a direct power conversion by
single phase AC to AC [1, 2] with the capacity to vary the steps in that. The whole process
is a single stage in direct matrix conversion that becomes the system more stable, less
bulky, compact as well as high efficient.

In the future, the matrix converter use will be the need understanding of a few distinctive
converter geography, now days we are utilizing. The property simple & single stage power
conversion fulfill with practically everything on electric vehicle charging. Manually
controlled on input as well as output side control strategy is known as sinusoidal PWM [3,
4] the converter topology is dependent on input side as of using bidirectional switches
having the pair of thyristor & Diode. For medium power, circuit having IGBT OR
MOSFET & for high power, circuit will have SCR. Load phase can be controlled through
any input phase with the help of bidirectional switches. As full matrix converter

Could be cover completely as a varying function of AC-DC Rectifier & DC-AC inverter.
With an reliable structure of the system.

The whole system may be act as revolution power electronics component uses [5, 6] for
solar system in battery charging & then supply to AC load it act as rectifier & inverter
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mode without dual stages Straight from matrix converter. To drive EV DC motor in both
directions can possible by variation in input parameters.

2. MATRIX CONVERTER CONNECTION

The switches of bidirectional matrix converter are basically containing the switch pair of
two IGBT & two diode switches. There are Total four number of switching for single stage
matrix converter arrangement as shown in Figure 2.1
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Figure 2.1 Matrix Converter Topology

The matrix converter connection is having Bidirectional switches as shown in figure and
its applications depends on particular power transformation field.
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Figure 2.2 IGBT & Diode pair Bidirectional switch of Matrix Converter
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3. SWITCHES SEQUENCES

S. No

Input

Exchanging Arrangement

Converter Function

AC

la, 4a
2b, 3b

Rectifier

AC

la, 4a
2b, 3b

2a, 3a
1b, 4b

Dual Converter

DC

la, 4a
2a, 3a

Inverter

AC

la, 4a, 2b, 3b
2a, 3a, 1b, 4b

Cyclo-converter

AC

la, 4a
2a, 3a
2b, 3b
1b, 4b

Cyclo-inverter

TABLE 3.1 MATRIX CONVERTER PERFORMANCES

3.1 Matrix converter as a Rectifier Mode

The Converter is functional as Rectifier for solar system by providing charging to the
battery & supply to the load. In this system proper isolation is providing between AC load
& battery via inverter & rectifier mode of operation. Input supply to the converter as
shown in figure 2.1 for early half cycle of the input of AC, the switches la & 4a will be

operates as mentioned details on table.

Other switch 2b & 3b will be operating for —ve cycle which is also address in MATLAB
Simulink. The figure 3.2 showing MATLAB Simulink result of operate as an rectifier with

AC input supply of 230 V. the review is done for resistive limit.

3.2 Matrix Converter as a Dual Converter
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The converter is ac as a dual converter. The converter is shown in figure 3.5. It having the
bidirectional switches. For early +ve cycle, the switches 1a & 4a will be operate & for —ve
cycle 2b, 3b will be operate as mentioned on table. The MATLAB Simulink result address
in the figure 3.6.

Figure 3.2 Positive DC output voltage vs input voltage
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Figure 3.4 Circuit of Matrix Converter Simulation as Rectifier
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Figure 3.7 Simulation circuit of Matrix Converter as Inverter



3.3 Matrix Converter as Inverter

The Matrix Converter as inverter keep possibly be made to drive AC motor with its
flexible frequency inverted AC output as speed control of AC drive via changing the
frequency. If input to the matrix converter is DC & switching sequence details mentioned
in table la, 4a, 2b & 3b will operate inverter as giving Alternating output of the frequency
of PWM frequency. The MATLAB Simulink result is mentioned in the Figure 3.7 and
Figure 3.8.

T
am

0O/P Valtage (V)

I/P Voltage (V)

Time (Sec)

Figure 3.8 Simulation output of Inverter operation by Matrix Converter

The inverter operation of Matrix Converter could be applied to produce the AC voltage
output of the required frequency by varying the frequency of the pulse width modulation.
This operation could implement for controlling the speed of AC drive via variation in
frequency. The input DC to the converter with that of the reference cycles. This operation
could be implemented for controlling the speed of AC drove via variation in frequency.
The storage system is use for emergency operation for load, therefore by solar system AC
supply can be received by DC input.

3.4 Matrix Converter as Cyclo-converter

As mentioned in details table, the switching operation will be for +ve half cycle is 1a, 4a,
2b & 3b. for —ve half cycle it will be 2a, 3a, 1b & 4b. the MATLAB Simulink result is
mention in figure 3.10 and MATLAB designing circuit as shown in figure 3.9.



MATRIX CONVERTER AS CYCLOCONVERTER

1a, 42 & b, 3b Positive Losd Voltage for AC cycles
22, 32 8 1b, 4b Megative Load Voltage for AC cycles
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Figure 3.10 Simulation output of Cyclo-converter (100Hz input vs S0Hz output)

Here, the output frequency is given by, fo = fin/Nr, 50=100/2, in which the desired output
is accomplish by the SPWM pulses of the reference frequency of S0Hz. Figure.12 shows
the AC output voltage of 50Hz for the 100Hz AC input waveform.

3.5 Matrix Converter as a Cyclo-inverter

As a switching mentioned in table, the switching will be operate for +ve half cycle is la,
4a, 2a & 3a. for —ve half cycle it will be 2b, 3b, ib & 4b. the MATLAB Simulink result is
mentioned in figure 3.12 by designing circuit as shown in figure 3.11
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2b, 3 (Positive Load Voltage for Negative cycle)
b, &b (Negative Load Voltage for Negative cycle)

L

s ’l@ [y L
L

[l
e
e
Fi
:
{
O

Figure 3.11 Simulation circuit of Matrix Converter as Cyclo-inverter
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Figure 3.12 Simulation output of Cyclo-inverter (100 Hz vs 50 Hz)

4. MODULATION TECHNIQUES

A. Sinusoidal Pulse Width Modulation (SPWM) PWM is a recent technique, made
practical by modern electronic power switches. The main benefit of carrier based SPWM is
that the complication is very low and the dynamic response is also good for Matrix
Converters [11].

5. THE FAMILY OF MULTI LEVEL MATRIX CONVERTER

Matrix conversion is having the ability of direct power conversion. Also increasing the
efficiency as well as magnitude of the circuit by using extra level topology as per detailed
table 5.1 is mentioned.
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Figure 5.1 AC-AC Matrix Converter

Family of Multi-level Matrix Converter Topologies

Matrix Converter Topology

Multi-Level
Topology

Converter

Resulting Multi-Level
Matrix Converter Topology

Two Matrix

Converter

Stage

Diode Clamped Multi-Level
Converter

Standard Matrix Converter

Capacitor Clamped Multi-
Level Converter

Standard Matrix Converter

H-Bridge  Multi  Level

Converter

Two Stage, Three Level
Matrix Converter

Flying Capacitor Multi
Level Matrix Converter
H-Bridge  Multi  Level
Converter

Table 5.1 the Family of Multi-level Matrix Converter Topologies

6. THREE LEVEL MATRIX CONVERTER BY TWO STAGES

In direct matrix conversion by two stage as shown in figure 6.1 to connection of diode &
output step is given to the three level inverter by midpoint through the neutral for

providing extra voltages.
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Figure 6.1 Three level Matrix Conversion by Two Stages

5

In order to modulate the converter a combination of space vector modulation techniques
for Matrix Converters and Multi-level converters has been established.
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Figure 6.2 the Three-level-output-stage Sparse Matrix Converter

7. CONCLUSION

The review of SPMC and analysis then it is proportional system for direct conversion as
well as indirect conversion for particular application which reduces the system become
bulky, losses are less etc. the output load can be controlled by varying any input phase
which is link to many bidirectional switches. In three phase matrix converter it is having
nine number bidirectional switches, with that any load supply can be controlled through
any input phase & also having the possibility to control the load frequency by different
switching operation as well as in SPMC.
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Abstract.

The aim of this paper is to evaluate the environmental imprint of single-store RCC buildings
on the planet, through the use of the Ecological Footprint (EF) indicator. Urbanization
requires a significant amount of energy, materials and resources for building construction.
Energy, materials and resources consumption are responsible for greenhouse gas emissions
that affect the ecosystem of the planet. To find the effect of this activities on ecological
system this study becomes more important. The natural impression of building development
can be decreased by utilizing ecologically modest materials, environmentally friendly power
assets, and by improving bio productive land use through the development of small
residential RCC building structures.

Keywords. Ecological footprint, Embodied Energy, Sustainable Construction, Sustainable
building, Environmental Assessment.

1 INTRODUCTION

The construction sector is accountable for about 40% of the worldwide primary energy
utilization as well as one-third of the total greenhouse gases (GHG) emissions [1]. The Indian
construction sector has been raised at the rate of double digits during the last decade. The
dwelling stock in India has been increased from 250 million to 330 million units during the
period of 2001 to 2011[2]. In India, the primary energy consumption for building materials
manufacturing is approximately one-fourth of the total primary energy consumption, and
the building materials demand is surpassing 2 billion tonnes per year. Simultaneously, the
GHG emissions due to construction are responsible for 30% of the total GHG emissions of
the country [3, 4].

Various researchers worked on sustainable building construction [5, 6, 7]. Ramesh et
al. examined the life cycle energy (LCE) of different residential buildings. The LCE of a

residential building is in the range of 240 - 380 kWh/m2, however, the construction phase
consumes 10-20 % of the total LCE of the building [8]. Pinky et al. examined that the
building construction responsible for 22-36% of the total LCE depends upon the lifecycle



of the building [9]. Husain and Prakash experimentally investigated on the constructional
Ecological Footprint (EF) of the conventional fire ash brick wall and conventional RRC roof,

have concluded that for fire ash brick wall (EF) is 0.0074 gha/m2 and for RRC roof (EF) is

0.0074 gha/mz, respectively [10]. The EF of a constructional phase of the building is
36.16% of the total life cycle EF of the building [11].

1.1 Ecological Footprint (EF) Indicator

The EF indicator was developed by Mathis Wackernagel and William Rees in the mid-
nineties [12]. This indicator can be utilized for study as well as for estimating the various
types of sustainable measures such as the viability of proper distribution of resources of the
planet. It includes all resources as input parameters and transforms them into a single output
(i.e., bio productive land). The unit of EF (i.e., global hectare; gha) define as “One gha is
equivalent to one hectare of bio-productive land with world average productivity”.

This case study emphasizes assessing the environmental imprint of a typical
residential RCC building on the planet. In coming decade there will be massive development
in infrastructure to improve the lifestyle of people and hence the EF assessment of the
residential building become more important. However, the natural resources (i.e., EF)
demand has exceeded the existing bio-capacity (i.e., bio productive lands) of the country. This
study helps to assess the total bio-productive lands requirement for building construction in
India. The study may also be helpful for exploring the feasible EF reduction opportunities
in the construction sector.

2 METHODOLOGY

The bio productive lands are significant factors for building construction. In this
study, the constructional EF of small residential building are examined. The details of the
EF assessment of small residential building construction are as follows:

2.1 Ecological Footprint of Building Construction (EFB):

The Ecological Footprint of a small residential RCC building has been estimated in this
study. The Ecological Footprint assessment of a small residential building comprises four
components: (1) Raw materials & Manufactured materials (2) Energy/ Machinery Use (3) labor
and (4) Physical land. The transportation of materials is not considered in this case study. The
system boundary for the EF assessment of small residential building construction is shown
in Figure 1

2.1.1 EFof Building Materials (EFm)

Building materials of small residential RCC building are accountable for
significant resource consumptions, therefore, the environmental impact of building
materials should be examined. The EFy, has been calculated by Eq. 1 [10]:



Ci.Emi cwi

EFm = Z(m) Ccortana T 2 Gop)- Ei (1)

manufacturing impact natural impact

Where, Ci is represented material consumption of the material, E.,i is embodied emission of the
material, the average world forest carbon sequestration rate is estimated to be 0.73+0.37 tC/ha
[13]. Therefore, Ar absorption factor of forests is considered to be 2.7 tCOy/ha, Ao is
fraction of annual oceanic emission sequestration (i.e., 0.3 [14]), Cyi is consumption in the
natural material, and Y is materials productivity. The ei is equivalence factor (gha/ha) of
different land types {i.e. €cropland (2.52 gha/ha), epasture tand (0.43 gha/ha), €forest 1ana (1.28 gha/ha),
€co2 land (1.28 gha/ha) and emarine 1and (0.35 gha/ha) etc.}[15].
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Figure 1 System boundary of a building construction

2.2.2 EF of Energy/ Machinery Use (EFe)

The EF. depends on machinery used and labour required during the construction.



The estimation of EF.is given by Eq. 2:

1-Aoc

EFe=Z(Elal)(T) €co21and (2)

Where, E; is the amount of energy/fuel consumed during the use of machineries; a; is
theemission factor of energy/fuel sources.

2.2.3 EFofLabour (EF)

The EF; is associated with the metabolic rate of labour/manpower for the different
type of activities [6]. The total labour requirements during building are estimated in terms
of full time equivalent (FTE). The EF) is determined by Eq. 3

EF, =FTE. (annual EF of labour) 3)

The EF of labour for one working-day (8 hr) is 0.0009 gha/day [16].

2.2.4  EF of Physical land (EFp)

The environmental impact of physical land engaged by the residential RCC
buildingis considered in this section. The EF, is calculated by Eq. (4):

EFp = Ap-Cpyittup tand 4

where, A, is the total physical land (hectare) and €pit-up land Tepresents the equivalence
factorof built-up land (i.e., similar as cropland).

Figure 2 Building and Google Map image.



3 BUILDING DESCRIPTION

This study is done on one of the small residential RCC Building located in Dhule
District of Maharashtra, India. The total built-up area is about 60.78 m?. It consists of a Hall,
Kitchen and 2 Bedrooms, Floor to Ceiling height of the building is 3 m. This building is located
in a hot and humid climatic zone of India. The building and Google image are shown in Figure
2.

4 RESULTS
4.1 Ecological Footprint of Building Construction (EFB)

For the estimation of the EFg, all parameters such as EF,,, EF., EF;, and EF, are
assessedexclusively and after that added to evaluate the EFp of the small residential RCC
building. The details of all the construction works and building materials use this building are
shown in the Table. 1. The EF distribution of different construction works of the building is
shown in Figure 3. The EFg of the small residential RCC building is about 7.011 gha (i.e., 0.115

gha/m2 floor area of the building).

The constructional EF of the small residential RCC building depends upon the building
material consumptions, resources and constructional activities involved during the building
construction. The EF of small residential RCC building is estimated as follows:

411 EFof Building Materials (EFm)
The EF,, of the small residential building as calculated by the Eq. 1 is 6.738
gha (i.e.,96.1% of the total EF of the building).

4.1.2  EF of Energy/ Machinery Use (EFe)
The environmental impact of direct energy/machine use during
the buildingconstruction is about 0.021 gha (i.e.,0.26% of the total EF of the
building).

4.1.3 EF of Labour (EFI)

The total labour requirement is 282 labour-days. The EF; as estimated as 0.250 gha (i.e.,
3.5%of the total EF of the building).



Table 1 EF of different types of construction works and building materials.

Description Quantity of Construction materials Labour Brick | Machine | EF (gha)
Item (Working- | (Nos) use
day)
[Cement Sand |Aggregate
(S0kgbags) [(m’)  |(m°)
[Earth work in ~ [14.04 m’ 4.68 0.004
excavation
PCC in 1.17 m? 10 0.646 |1.293 4 0.060
[Foundation
RCC 21.249m’ [168 8.808 [17.617 [30 Concrete 1.070
Mixer-
1Day
Brick work 27.20 m° 39 8.16 0 70 13604 2.315
Internal Plaster [272.951m> |30 4.258 |0 34.11 0.218
External Plaster [182.238 m> |20 .84 |0 22.77 0.145
Plinth Filling  [48.625 m® 12.15 Dumper-2| 0.025
Days
Plinth PCC 6.078 m* 48 3.359 [6.719 4 0.300
Flooring 60.782 m? 31 7.90 10.13 0.202
Internal Painting|41.9 litre 10.91 0.019
[External 28.03 litre 7.28 0.012
Painting
Steel work 2791.68 kg 30 1.882
Wiring 50 m 6 0.006
Ply Door 15.12 m? 5 0.340
[Wooden Door  [37.05 m 2 0.152
frame
Aluminium 0.09 m* 6 0.065
sliding (approx.
[Window 5kg/m?)
[Wall Tiles 26.59 m? 6 0.136
Tap 9 Nos 1 0.007
Plumbing Pipe [25 m 4 0.005
Drainage Pipe |18 m 4 0.015
Kitchen Platform 4.5 m? 3 0.011
(Granite)
[Land 60.78 m? 0.015
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Figure 3 The EF distribution of different construction work of the building

414 EF of Physical land (EFp)

The total land expended must be considered that are used for the small residential
building. The EF, of the building calculated by using Eq. 4 is about 0.015 gha (i.e., 0.22

% ofthe total EF of the building).

5 CONCLUSIONS

The total construction EF of a small residential building is about 7.011 gha. The
EF of a small residential building per floor area is about 0.115 gha. The results indicate that
materials impact is most significant than the rest of other parameters like machine use, labour
impact and physical land etc. The environmental impact of cement is maximum (i.e., 2.13
gha) for the building followed by brick impact (i.e., 2.01 gha). The EF of brickwork
contributes the highest impact among all the construction work of the small residential

building.

The lower constructional EF should be accepted for achieving the United
Nations Sustainable Development Goals; therefore, the sustainable building materials

may help to reduce the environmental impact of a residential building.
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Abstract -As the existing power systems is gradually moving from a traditional power
transmission system to the more highly developed smart grid our objective in this research
work is to make the power flow control more intelligent. In this paper an old problem of
phase balancing for power flow control is considered and solved by network reconfiguration
technique using the fuzzy logic. Network reconfiguration is required as a solution to the
problems associated with power distribution system such as planning, power loss and power
flow unbalancing. The proposed technique is implemented in IEEE 30 bus system to balance
the power flow in under loaded or overloaded lines. The total load per phase of the lines is
considered as input to the fuzzy system and load required to inter changing unbalanced lines
is the output. The fuzzy logic system's suggested load values, both negative and positive,
are to be considered as input to the load changing system. Load flow analysis, which can be
used to compute the electric potential build and the difference in vector positions of the
active values at each bus, as well as the consumption of energy expressed as curves in
individual transmission circuit, is at the core of modern power systems. The objectives of
this research can be used to define the system's most important lines, leading to better
production scheduling and the reduction of the risk of voltage instability.

Keywords-Feeder load balancing; Fuzzy logic control; Network reconfiguration

1. INTRODUCTION

Energy efficiency has always been an issue in the electricity supply system. With the rising
electricity demand, the challenge is to condense the system failure and to get better the
system efficiency. However, it is also desired for the system to be able to deliver help when
one or more of the system's lines fail .Numerous of the faults to facilitate arise at by chance
in a transmission line can be dangerous. To resolve this concern, tolerable automation of the
power distribution system is required. Distribution automation preserve be characterized as
the concept of an integrated system, which involves monitoring, controlling and, sometimes,
the choice to transform any type of load. The automatic distribution system provide
instructions for automatic switch reclosing and remote monitor of the loads that relate to the
phase balancing process. In order to diminish distribution feeder losses and get better system
safety, phase balancing becomes very important .In a distribution system there are various
switches that required being open or close. By adjusting the unpredictable position either
open or closed connected to the switches thus connected to the feeder, with load currents



there is a possibility for transmissibility of feeder connection. It can be transferred to less
loaded feeders instead of connecting them to the heavily loaded. To minimize the
unbalanced flowing feeder current, the connecting phases of some feeders are altered
manually after thorough analysis of the situation in a simulated environment using a
software. This study proposes the use of fuzzy logic based load changing system as problem
solving technique to balance the feeder load. Fuzzy logic has risen in importance in this field
because it is a realistic, effective, and adaptable technique. The concept of fuzzy sets
provides a suitable method for converting design, operator’s knowledge into dynamic
control systems that is simple to fix instantaneous applications. The fundamental
contribution of this study is to identify the majority fault finding transmission line in IEEE
30 bus system, its breakdown potentially cause the system to fail completely. In this paper
make comments how to get better grid's procedure by making ideas operating how to
improve the process of such lines. After considering the load flow analysis results, those
dangerous transmission lines will be identified. Although in some cases change the current
phase imbalance, this method is more timely and fallacious. In this study Newton Raphson
method is used in calculation of power flow in IEEE 30 bus system.

For feeder reconfiguration, Baean and Kelly utilized the state estimate
methodology[1].Various research have been conducted on loss minimization of feeder
distribution [3-4].With the advancements in the fields of artificially simulated intelligent
systems and high voltage electronic equipments in power systems, it has become much
easier than before to analyze the phase and load balance problem. Customers will benefit
from advanced automation that is also cost-effective [4]. The estimated load current that the
feeder can handle could be used as a reference. The IEEE 30 bus system has been the focus
many studies on a variety of topics. We present a number of similar research in this part, all
of which are appropriate to our work[5].The author [5] get a load flow analysis with the goal
of determining the converge bus voltages used Newton-Raphson method, as well as
comparing the two statistical methods in conditions of difficulty and meeting charge.
M.Sugeno, Industrial applications of fuzzy control[8]. Performance curve of Newton-
Raphson method in Load Flow Analysis using MATLAB, Nivedita Nayak and Dr. A.K.
Wadhwani. Review of load-flow computation methods [10], by B. Stott.Ulas Eminoglu and
M. Hakan Hocaoglu for radial distribution systems, a new power flow method with voltage
dependent load models has been developed [15].

2. FEEDER DESCRIPTION

Distribution feeders usually are 3 phase 4-wire star connected system with an interconnected
system. It is required to understand the conductors' current capabilities while avoiding any
tapping. The connection between the distribution transformer and the distribution feeder has
been rearranged properly to enable for a balanced state. There are four distribution feeder
systems viz. radial, parallel feeders, ring main, and mash connected system. The mash
connected system method is the simplest and most economical to work with, from the point
of view of construction and security. For the difficulty in this paper, we take for granted
IEEE-30 bus test system. IEEE-30 bus test systems are widely used by researchers to
execute new thoughts and concept .The IEEE-30 bus test system is described in detailed
technical note point. It has 30 buses, 41 transmission lines plus different transformers and
synchronous condensers make the IEEE-30 bus test system. The system is demonstrated in
Figure 2.1 below.



Figure 2.1 SLD of IEEE-30.

3. METHODOLOGY

The process of estimating the magnitude and phase angle of voltage at each bus in a power
system under balanced 3-phase steady state conditions is known as the load flow problem.
This method can be used to calculate actual and reactive power loses in the transmission
system and transformers, along with equipment losses. For this research, we examined load
flow analysis of the IEEE-30 bus test system utilizing the Newton Rephson Method. A load
flow analysis was obtained for the proposed example, in which all of the systems
transmission lines are operating. The measured load flow further disconnecting one
transmission line instantaneously for a total of 41 times. The major goal of experimenting
this was to calculate and identify the least performing flow values in the system in the event
of a single transmission line failure. In other words, a study of the IEEE-30 bus test system
susceptibility to a single transmission line failure. We may also simulate the effect of voltage
collapse failure in an IEEE-30 bus test system by removing the lines that overload when a
single line fails and repeating the cycle. After this, process utilizes fuzzy logic for load
balancing. Load balancing (also known as phase balancing) is a useful tool for reducing



distribution feeder losses, boosting system safety. Load currents can be changed from highly
loaded to less loaded feeders by changing the open/close configuration of the feeder
switches. In this paper will see the use of fuzzy logic for the purpose of load balancing in
this application study the link joining particular distribution transformer and the feeder must
be properly organize to enhance the system phase voltage and current imbalances. As a
result, phase balancing can include reconsidering the network layout in order to reduce total
real power losses caused by line branches. Load flow equation is taken from [3]. The process
of proposed intelligent system is shown in Fig. 3.1

Read input variable
from system

Load flow

analysis

If line load
No load

Fuzzy based
load balancing

Fig. 3.1 Flowchart for load balancing

Load flow equation by Newton Repson method
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Obtain the value of A8 and A |V|| from equation shown below
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Using the value of A§ and A|VI| calculate in the above step, modify the voltage
magnitude and phase angle at all load buses by the equation shown below
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3.1 Input and Output OF Fuzzy Controller

In this paper must first construct the input and output variables before designing the fuzzy
logic controller .The output is Change, which indicates the positive or negative load change
(kW) for each phase. Load is the input, which is the total phase load (kW) for each of the
three phases .Table 3.1.1 displays the fuzzy categorization for the input variable, and Fig.
3.1.1 illustrates the fuzzy membership function for the input variable .Table 3.1.2 displays
the fuzzy output classification, and Fig. 3.1.2 illustrates the corresponding triangular “fuzzy
membership” functions for the output variable. Fuzzy nomenclature for the input and the
output variables shown in table 3.1.3 The non-aligned connection between the chosen output
and input variables is visualized in Fig3.1.3.

Table3.1.1. Fuzzy nomenclature for the input variable

SL. No. | Input (Load) Description | Fuzzy Nomenclature | Percentage range of line MV A
rating
1 Verv Less Loaded VLL 45% - 50%
2 Less Loaded LL 50% - 55%
3 Medium Less Loaded MLL 55% - 60%
4 Perfectly Loaded PL 60% - 70%
5 Slightly Overloaded SOL 70% - 75%
[ Medum Overloaded MOL 75% - 80%
7 Overloaded OL 80% - 85%
8 Heavily Overloaded HOL 85% - 90%

Table 3.1.2.Fuzzy nomenclature for the output variable



SL.No. | Input (Load) Description | Fuzzy Nomenclature | Percentage range of line MVA
rating
1 Very Less Loaded VLL 45% - 50%
2 Less Loaded LL 50% - 55%
3 Medium Less Loaded MLL 55% - 60%
4 Perfectly Loaded PL 60% - 70%
5 Slightly Overloaded SOL 70% - 75%
6 Medium Overloaded MOL 75% - 80%
7 Overloaded OL 80% - 85%
8 Heavily Overloaded HOL 85% - 90%
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Fig3.1.1 Fuzzy membership function for the input variable

Table.3.1.3 Fuzzy nomenclature for the input and the output variables
SL. | Output (Change) Description | Fuzzy Nomenclature | KW Range
No.
1 High Subtraction HS -25% to -20%
2 Subtraction S -20% to -15%
3 Medium Subtraction MS -15% to -10%
4 Slight Subtraction SS -10% to -5
5 Perfect Addition PA 0to 10%
6 Medium Addition MA +5% to +10%
7 Large Addition LA +10% to 15%
8 Very Large Addition VLA +15% to +20%




Fig3.1.2 Fuzzy membership function for output variable
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Fig3.1.2 .Non aligned relationship between the input and the output variables

4. Application Result

In this section shows the application result outcomes using the fuzzy logic load balancing

technique. For the simulation, Matlab fuzzy toolbox [6] is implemented .The Mamdani [7]
fuzzy assumption technique is used. Then use of 32-MVA line as an example input load
configuration for one phase .Using the fuzzy controller mentioned earlier, we attempt to
balance it. The eight fuzzy rules were used to create a graphical representation of (output
load change) for the 3 phases that correspond this input load are shown in Fig. 4.1.The
Mamdani approach [7] is used in the defuzzification process. A change in phase line 42
whose MVA rating is 32 of the output load is determined.



Output load changes Fig. 4.1

According to the output of lines is mostly very low loaded, but some lines are highly
overloaded and slightly overloaded, according to the fuzzy logic rule. In this research, using
of fuzzy logic and a combinatorial optimization-based implementation technique,
investigate the phase balancing problem in the field of power system. As a result, the
approaches and application provided in this study are based on the following assumptions.
In this paper line 41 whose MV A rating is 32 is perfectly loaded is resulted by fuzzy shown

in table 4.2

130 147.00464 | -14.779 147.746 | 18.94193 | 120.2866 | 121.7688
2 130 64.15866 4.253 64.299 25.22224 | 62.10914 | 67.03512
3 65 31.89110 2.606 31.997 19.65685 | 31.76457 | 37.35478
4 130 60.08551 0.462 60.089 18.24865 | 59.89339 | 62.61176
5 130 72.45313 2.642 72.501 36.40318 | 33.45417 49.4406
6 65 46.24380 0.332 46.425 25.13013 | 40.30862 | 47.50061
7 90 62.34209 -10.144 63.162 25.41322 | 44.0644 50.8675
8 70 -18.03501 9.962 20.604 -3.7674 | 9.738385 | 10.44172




9 130 41.48121 -0.998 41.493 20.72668 | 6.076963 | 21.59919
10 32 28.01775 6.548 28.173 7.499785 | 17.12618 | 18.69633
11 65 15.64737 -7.277 17.257 12.73784 | 27.2345 30.0661

12 32 8.94964 0.407 8.959 11.67912 | 12.42233 17.0504
13 65 0.00000 -14.168 4.631 -19.9995 | 9.999891 | 22.36019
14 65 15.64737 7.138 16.874 32.74595 14.0673 35.63967
15 65 21.03856 13.629 16.197 23.08951 | 32.98348 | 40.26209
16 65 -10.00000 -6.203 11.768 -19.9994 | 14.99983 | 24.99943
17 32 5.54120 2.040 5.905 5.416038 | 4.432526 | 6.998626
18 32 14.97793 6.164 16.197 11.71724 | 10.51301 15.74221
19 16 9.31938 2.784 9.726 4.934937 | 3.827369 | 6.245187
20 16 2.30320 0.361 2.331 0.494732 | 0.769686 | 0.914973
21 16 5.74203 0.187 5.789 3.114955 | 0.500675 | 3.154936
22 16 6.75696 1.381 6.896 4.258271 | 2.767308 | 5.078471
23 16 3.51021 0.386 3.531 2.036365 | 0.77651 2.179392
24 16 -1.99721 -3.029 3.628 -4.2015 -5.79478 | 7.157662
25 32 4.22897 3.799 5.685 6.106298 | 7.128666 | 9.386413
26 32 0.29252 5.061 5.070 2.956522 | 7.281496 7.85883

27 32 9.68892 9.706 13.714 9.224285 | 13.71755 | 16.53054
28 32 4.58661 4.470 6.405 4411683 | 6.418773 | 7.788683
29 32 -1.87073 -1.622 6.766 -0.80448 | -2.12996 | 2.276821
30 16 6.15969 2.331 6.586 3.04751 | 2.925743 | 4.224605
31 16 2.8805 2.790 3.874 2.861699 | 4.268992 | 5.139418
32 16 2.92005 0.651 2.992 1.120424 | 0.359848 | 1.176792
33 16 0.88106 0.994 1.328 0.568758 | -4.26356 | 4.301328
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34 16 3.54393 2.366 4.261 1.353565 | 3.206076 | 3.480095
35 16 -2.6660 -1.377 3.001 -1.39373 | -8.0039%4 8.12438
36 65 10.77672 4.891 11.835 19.0542 | 10.96653 | 21.98471
37 16 4.06548 1.519 4.340 4.14314 | 3.750763 | 5.588724
38 16 4.03588 1.472 4.296 4.842887 | 3.920929 | 6.231151
39 26 1.62654 0.564 1.716 2.64185 1.949938 | 3.283539
40 32 -2.07919 -4.138 4.631 1.958523 | 1.358664 | 2.383648
41 32 28.01775 6.548 28.173 11.9861 16.57891 | 20.45793

Fuzzy result Table 4.2

5 .Conclusion

Phase balancing is a critical and realistic procedure for reducing distribution feeder losses
and improving safety. In this research, we propose a load balancing system based on fuzzy
logic, as well as load change implementation system based on optimization algorithms. Total
(kw) load per phase of the feeders is supplied into the fuzzy stage. The load transform values
are the fuzzy step's output, with a negative value designed for load leaving a “positive value’
for load, receiving. The entire load remains constant throughout phase balancing because
the sum of the negative and positive numbers is zero. The input of the load-changing system
will be read by the fuzzy line .The implementation system divides the alter (kw) values by
the number of load points, then chooses the appropriate load locations using combinatorial
optimization approaches. It also ensures that load points are properly interchanged between
the releasing and receiving phase’s unbalanced 3-phase, 4-wire feeders are being used to
test the load balancing system. A specific design example that uses Matlab for simulations
illustrates the proposed system's application. Additional implementation results for different
feeder loading configurations show that imbalance conditions have improved. The planned
fuzzy logic phase balancing method and implementation systems are both practical and
effective in minimizing feeder disturbance. The phase balancing technique and system
described in this paper might be applied to different distribution system and feeders load
configuration.
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Abstract

Power system evidently, is a complicated task to operate. This study deals with the most
common problem of power system i.e., economic load dispatch problem. Economic load
dispatch (ELD) is the manipulation of power generated by generating units with a formative
arrangement to get more optimal values of cost. The solution of ELD problem require the
rearrangement of power being generated so as to provide the required load demand with
reduced cost of energy, along with the satisfaction of all the equality and inequality constrains.
The principle aim of this study is the liberation of long manual calculations, required in the
process of finding the optimal values, and replacing the decisive and calculative element of
this complex chore to a rather more advance and comparatively much better suited methods
for finding the required end result. This study, as the decisive and calculative element utilizes
four methods for finding the optimal values these are Newton Raphson (NR) method,
Artificial Bee Colony (ABC) algorithm, Particle Swarm Optimization (PSO), and Cuckoo
Search (CS) method. For simulating a network for a small power grid in this study, IEEE-30
bus system has been utilized.

Keywords: Newton Raphson, Artificial Bee Colony, Particle Swarm Optimization, Cuckoo
Search Method, Lagrangian Function, Economic Load Dispatch

1. INTRODUCTION

The main problem faced today by the power system engineers is handling the power generated
with the growing demand of the consumers. The annual report of 2020 by CEA (Central
Electricity Authority) states that the overall 4,871 Mega Units of energy was not met by the
overall supply, though it was seen that some parts were receiving energy surplus, the reason
might be inefficient power scheduling [1].

Table [1]. Data of Power Consumption and Supplied in India during 2020-21 (CEA)
(MU stands for Mega Units.)

Year Energy Required Energy Supplied Energy not Supplied
MU) MU) MU %
2020-21 12,75,534 12,70,663 4,871 0.4

Today, modern power system operation is complex than ever. The load requirement mandates
maintaining in-range production of voltage and frequency to operate a reliable power
production and transmission system. Along with generating sufficient energy, it is needed to
keep the cost of producing that energy as low as possible. In the actual energy production and
transmission system, the power generation units are not located equidistant from the centre of
load and their fuel prices are dissimilar as well [2]. Also under usual operation, the capacity of
energy generation is always greater than the amount demanded by the load in addition to
losses, leaving a considerable degree of margin for generation scheduling. In the power
system, to minimize the operating cost, the first target is the real and reactive power
identification during the power production of the energy production unit and finding the
power scheduling correspondingly. This statement is implying that a certain power generating
unit may provide real and reactive power within a predefined range to provide requisite
demand of the load and production of minimized fuel cost. The problem is known as
"Economic Load Dispatch" (ELD) [3]. In the designing and the functioning of the power
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transmission system, Optimal Power Flow (OPF) is considered the most reliable solution for
the handling of issues such as Economic Load Dispatch (ELD). Optimal Power Flow is the
manipulation and minimization of the losses adjoining in the power production, making the
generation of energy more economical by considering some important factors, and considering
environmental benefits by reducing the usage of environment-unfriendly compounds. OPF
solution produces desired output by adjusting the control variables that are required by the
system while also taking the satisfaction of the constraints as well under account [4]. Present
computerization for finding the solutions to these problems has become much easier, different
algorithms are available today which are capable of running multitudes of tasks in parallel.
These methods are generally identified as computer-based mathematical techniques [5].
Different mathematical and computational operations and algorithms are now available, for
finding complex, optimized solutions for linearity or non-linearity-based functions as the OPF.
Some of the methods like Gradient Method [6], Interior Point Method [7]. Optimal power
flow (OPF) is not into consideration of linear or differential problems. So, solving the OPF
with the usage of linearly based methods may end up the solution trapped by the local
optimum value [8]. During the actual run of the solution, OPF is an extreme nonlinear
programming objective containing multiples of hundreds or more variables running along with
nonlinear constraints [9]. Since the '60s, the origination of this formulation, multiple
optimization methods are proposed and implemented for figuring the effective solution of
OPF. Among the most used solutions are; given by Dommel Tinney (the reduced gradient
method), and by Carpentier (the differential injection method). Non-linear programming has
to solve this problem and a comparison between the execution values of these Algorithms is
obtained [10]. Although, these techniques worked as expected previously when the
requirements were of only linear or expressly incremental cost curves. Now, solutions for
diverse values faced today needs, algorithms that can face, non-linear curves (with valve-point
effect and rate limits, etc.), and cost functions with multiple optimum points. These issues
make the old methods struggle and get them to stuck on local optimum solutions. To
overcome these obstacles, evolutionary algorithms can be used such as Artificial Bee Colony
(ABC) Algorithm, Genetic Algorithm, Particle Swarm Optimization, and Cuckoo Search
Method. These algorithms can be effectively utilized to solve non-linear functions. These
algorithms though not always guaranteed to provide a perfect all usable optimal solution but
can provide a near-optimal value [11-18].

2. PROBLEM FORMULATION

The MW generation is allotted to the required MW demand on the particular regional grid as
allocated by the Load Dispatch Centre. Load Dispatch centre for each load manipulates
frequency and voltage of its own to match parallel with other generating stations and provide
the required MW load demand along with the consideration of losses [11]. OPF's main task is
the control variable identification that reduces the objective quadratic function related to the
power output of all the generators. The mathematical formulation:
2.1. Problem Objective
Fuel cost-cutting with the output considered as the Real Power;

NG
f =Zainf+bini+ci($/h) )
i=1
A single quadratic function is used to express the cost of fossil fuel used by each fuel-fired
generator; the only problem is the discontinuity in the change of fuel [6]. Hence, the use of a
Piecewise quadratic equation is appropriate here. Power Output with respect to fuel Cost is
given by [12]:



2.2, System Constraints
This study follows the underneath stated equality and inequality constraints [13]:

2.2.1 Equality Constraints

NG NB
> Pg;—> Pd, —Ploss =0 2
i=1 i=1

NB
Pg —Pd —Vi ) Vj[Gij cos(5i — 5 ) + Bijsin(5i -5)]=0 (3
=
Where, i = (1... NB). NB is the number of buses. P, is the generated real power. Pq is the
actual power demand. Gj;; and Bj are conductance and susceptance respectively of the line
between buses i and j.

n n
PL = ijl i=1 P:Bij PJ' S
Where Bij are the elements of loss co-efficient matrix B. The Lagrangian function for the
above problem of economic load dispatch.

L(Pg;,4) = f(P,)+A(Pd + Ploss —ZPg;) (%)

2.2.2  Inequality Constraints
Generator Constraints: The output power from the generation unit lies in between their
maximum and lowest values:

P9/ < Pg; < Pg™ __ (i=1.2.NG) ©

3. SOLUTION METHODS

3.1. Newton Raphson (NR) Method

Named after Isaac Newton and Joseph Raphson, it had been the most used approach which is
adopted as it is flexible enough to formulate power flow algorithms used for the optimization
of power systems. The concept of finding optimization of any non-linear function using
gradient and Hessian matrix and Newton's iterative technique together comprise the given
approach. The solution for the optimal power flow by NR method requires the creation of the
Lagrangian function as shown below

L(z) = f(x)+4"h(x)+ 27 g(x) )

Where Z=[x p A]%, pand A are vectors of Lagrangian multipliers. A gradient which is
Partial Derivative's vector of a Lagrangian function is then defined as follows:

oL(z)
o ®)

The Hessian matrix is the second derivative of the Lagrangian function, is then defined as
follows:

VL =]

o’L(2)
0z,0Z,
The gradient of the Lagrangian function is equated to zero and finds the solution vector. At

this point, the Hessian matrix should be positive definite (Eigenvalues of the Hessian matrix at
that point must be positive) to ensure that the solution point is the most optimum.

H=V’L(z)=[

] )
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3.11 Steps of NR Method
After calculating the Hessian & Gradient, OPF is attained using the iteration algorithm of

Newton's.

Step 1: OPF operation starting, Initial guess vector, z (Generator’s power output & all the
Lagrange multipliers).

Step 2: Evaluation of Vf , if Vf =0, estimated A corresponds to the optimum solution and
depending on the sign, A is increased or decreased.

Step 3: Gradient Calculation by Equation... (7)

Hessian of the Lagrangian by Equation... (8)

Step 4: Solving the following expression.

[H]AZ = VL(z) (10)
Step 5: Renew the solution.
Step 6: If this value is not obtained||Az||<€ go back to Step 2.

3.2. Artificial Bee Colony (ABC) Algorithm
The ABC algorithm comes under the category of Swarm-Based Optimization Algorithms
(SOAs). In SOAs instead of having one direct solution, various iterations of different solutions
are contemplated for the optimum solution [14]. The Artificial Bee Colony algorithm imitates
the resource-gathering tactics of Honey Bees shown in figure 1. In this algorithm there are
three artificial bee groups [15]: I” ¢

= o S =

System of
trtificial
Bee Colonies

&, <,

Figure 1: Artificial Bee Colony Figure 2. SLD of IEEE-30 bus system
Employed Bees: - Partial colony is distributed as the employed bee. The count of employed
bees is the same as the number of resources in the system. Employed bees are responsible for
resources, their details, and memorization. Onlooker Bees: - The other half of the colony
contains the onlooker bees. Onlooker bees get their details about the present or discarded
resources from the employed bees and select any one of the resources at random. Scout Bees:
- These are the bees associated with the abandoned food sources. They are responsible for
finding new food sources.

3.21 Optimization Algorithm

Step 1: Initialization: In a D dimensional problem space, a population solution is selected
randomly. (Xi=1,2,3.......... D).

Step 2: Reproduction: A random food source is chosen by the artificial onlooker bee
according to the expectation of that resource's provability, Pi[16].



_ fiti
Pl /Zﬁ=1fitn (11)

fiti = fitness value of the solution, i = nectar amount of food source, N = number of resources
= number of employed bees. For deciding a possible food position from the previous
memories following expression is used.

Vij = Xiej + b1 (Xij — Xij) (12)
k={1,2... D} and j = {1,2... N} are randomly chosen indexes.
¢;; = randomly selected from -1 or 1.

Step 3: Replacement of Bee and Selection: After several cycles, if a source is not providing
enough or is not improving to be more providing, the source is then abandoned. The number
of cycles required to abandon a food source is labeled as the "limit" for desertion [17]. Left
out food source is denoted by Xi and j = {1,2... N}, new food that is discovered replaces the
place of the earlier Xi. The operation is defined as:

Xl-j = Xj + rand(U.l) * (Xr];mx - Xr];u'n) (13)

min
When a new possible food source is found Vij, it is analyzed by the virtual bees and after
judging the new food source's produce comparison is conducted between the old one and the
new one. Only if the newly found resource is found to be more productive and preferable than
the last one, it is decided to keep the food source as actively retained in the memory.

3.3. Particle Swarm Optimization (PSO) [13]

Invented by J. Kennedy and R. C. Eberhart in 1995, Particle Swarm Optimization is an
algorithmic technique that simulates the social & psychological information gathering and
extrapolation methods of birds and fish. It simulates how information is gathered by people in
real life by communicating with different social groups and individual people hence collecting
their social beliefs and opinions. PSO behaves like a person where it converges to a decision
by the experience it had gathered along with others' experiences and its knowledge as well.

34.1 Steps of PSO.

3%

Step 1: Initialization: Each Particle is represented as ‘i’ and every ‘i’ represents every
solution for the to be optimized function. Also, as a vector representing a decisive variable,
Xi.

)

X; = XM+ rand () « X" + XM (14)
1=1,2,3, ...... NP, (NP is the number of particles.)

Step 2: Velocity of Particles: PSO algorithm always gives priority to the most adequate
swarm and provides access towards analytically better regions of the solution space.

Uitfl = ijti + c,R,{Pbest’ — X'} + c,R, {Pbest’ — X"} (15)
V;j = velocity of j member

j = member of i particle

i = number of particle at t iteration

Gbest = global best position

Pbest = local best position

Step 3: Inertial Weight: w represents the inertial weight.
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(16)

w=w - :
max iteration

Ri & R; represent the random numbers produced between 0 & 1.

Ci & C;has a range of 0 to 4. Although, they are adjusted as C;+Cy=4 or C;= Cy=2.

Step 4: Solution Vector: Velocity ‘v’ is added further after every generation of iteration.
Xt = xt 4yttt a7

34. Cuckoo Search Method [13]
Introduced by Xin-She Yang in 2009, this algorithm mimics the brooding pattern of Cuckoo
birds. With a lesser number of control variables, this algorithm has the potential to easily
handle the optimization of any non-linear functions effectively [18]. This method has already
been applied and tested for finding discrete multi-variable OPF solutions.

34.1 Steps of Cuckoo Search Method

Step 1: The first population is generated randomly within the limits of control parameters.
After that ‘Levy flight” operation is applied to the first wave of the population.

X; = XM +rand () « X" 4+ XM (18)
(i=1,2,3....NP) 1’ is the number of eggs.

Step 2: Levy flights operator describes the phonetic flying or swimming order of manner of
the cuckoo birds.

X1 =Xt + a @ Levy(A) (19)
The variance of step size '0' is between 0.1 to 0.4 [12].
Step 4: The number of cuckoos and nests are taken as constants.

Step 5: Per cuckoo single or multiple eggs are selected and are dumped at randomly chosen
nests.

Step 6: The quality of nests ensures the propagation to the next generation.

Step 7: Probability of identification by the parent is given by Pa whose value ranges in
between [0, 1].

4. RESULTS AND DISCUSSION

In this study, IEEE-30 bus standard test system environment is used to test the efficiency of
the proposed algorithm in the active power dispatch with 5 generator buses, 1 as a slack bus,
and 24 load buses with 41 transmission lines. A comparative analysis of the results obtained
by all the algorithms is also given in Table [2]. Table [2] shows that before optimization, the
total cost of generation was 916.29 $/hr for the demand of 283.00 MW. After optimization by
the NR method as a conventional optimization method the total cost of generation is reduced
to 869.68 $/hr. and ABC algorithm as an Al method resulted into least cost by 805.70 $/hr.
The Fitness curve for the cost optimization using the ABC algorithm is given in figure 3.

Table [2] Effectiveness of proposed algorithm in economic active power dispatch

S. Before Optimized values by

No. Parameters optimization | NR method PSO CS ABC

1 Pgl 102.62 177.07 137.547 | 120.727 | 185.05




Costin $

2 Pg2 80.00 48.06 54.039 64.445 46.98
3 Pg3 50.00 20.77 40.234 49.618 20.45
4 Pg4 20.00 22.18 31.580 12.835 14.89
5 Pg5 20.00 12.23 16.989 29.998 11.84
6 Pg6 20.00 12.00 12.700 15.741 15.41
7 | Total Gen. (MW) 292.12 292.31 293.08 293.36 | 294.62
8 Total Cost ($/h) 916.29 869.68 829.543 | 824.069 | 805.70
855 I I I I I I I I I
ey
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Figure 3. Fitness curve for generation cost optimization by ABC algorithm

Table [3] gives the relative comparison of generator scheduling for different demands of the
IEEE 30 bus system and shows the optimized quantity of active power generation for the
system. Here, the proficiency of the proposed algorithm is tested for three cases of different
load demands i.e., 275MW, 300MW, and 325MW. ABC algorithm resulted in minimum fuel
cost in the each case and the fitness curve for these three cases has been shown in figure 4.

Table [3]. Optimal scheduling of generators for different load conditions

S. Parameters Power Demand (MW)
No. PD=275 PD=300 PD=325
Un-opt.
1 | Total Cost 838.45 947.28 1005.74
($/h)
Optimal scheduling of generators by
PSO | CS | ABC | PSO | CS | ABC | PSO | CS | ABC
2 Pgl 165.07 | 114.84 | 155.69 | 180.06 | 178.35 | 177.49 | 197.08 | 197.89 | 199.45
3 P2 48.06 | 62.88 | 4671 | 5121 | 50.89 | 5242 | 5292 | 498 | 44.72
4 Pg3 20.77 | 4220 | 2039 | 21.86 | 23.45 | 21.34 | 2247 | 2346 | 25.19
5 Pgd 22.18 | 18.64 | 3487 | 2935 | 27.96 | 29.75 | 33.25 | 27.50 | 21.67
6 Pg5 1223 | 2621 | 11.57 | 14.67 | 1547 | 12.78 | 16.01 | 19.81 | 23.69
7 Pg6 1200 | 1726 | 1413 | 13.59 | 14.12 | 1658 | 14.87 | 17.75 | 20.63
8 | Total Gen. | 280.31 | 282.03 | 283.36 | 310.74 | 310.56 | 310.38 | 336.52 | 335.97 | 335.38
o |OptTotal 1 g0 68 | 791.08 | 782.62 | 898.46 | 871.96 | 86432 | 97627 | 961.23 | 955.39
Cost ($/h)
e e e g e 1 O O

Number of iterations
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Figure 4. Fitness curve by ABC algorithm for demands a) 275 MW, b) 300MW, ¢)325 MW.

5. CONCLUSION

In this paper, a conventional technique i.e., Newton Raphson along with comparatively recent
techniques i.e. Artificial Bee Colony (ABC) algorithm, Particle Swarm Optimization (PSO),
and Cuckoo Search (CS) method has been used to solve the problem of ELD. All the
algorithms are enacted on MATLAB software and eminently applied to reduce the cost of real
power generation by optimized relocating the power generating units with subjecting to load
balance equation as equality constraint. The stated techniques had been tested on the standard
test environment of the IEEE-30 bus system with different cases of power demand. In the case
of power demand 283 MW, the conventional method of optimization minimized the fuel cost
by 5.06% compared with power flow solutions. In comparison of this ABC algorithm as an
recent technique of artificial intelligence resulted into highest cost saving by 12.10%. The
proposed algorithm proved its efficiency in the reduction of fuel cost of power generation in
all the cases of power demand under study.
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Abstract.

A smart scheduling technique of a renewable integrated microgrid has been proposed and
implemented in which generation side and demand side management are simultaneously
utilized. Since solar and wind energy sources, which are intermittent in nature, are main
energy providers in the microgrid, their variability has also been considered in the
scheduling. A natural gas power plant and the grid have been considered as reserve sources.
In the demand side management (DSM), a novel area based load shifting technique has been
proposed along with voluntary demand reduction as load reserve. The overall aim of the
paper has been set to develop a cost effective operation scheduling using generation reserves
and DSM so that a balance is maintained between generation and demand over a day. The
optimization has been done by cuckoo search algorithm. Simulation results demonstrate the
smart scheduling satisfying the operating conditions mentioned in which substantial cost
reduction is achieved.

Keywords. Demand Response, Demand Side Management, Energy Scheduling, Scenario
Generation, Day Ahead Energy Cost.

1. INTRODUCTION

In recent days, environmental impacts and shortages of fossil fuels have increased interest
in clean and renewable energy generation, including wind power, photovoltaic,
hydroelectric power, natural gas based generation, fuel cells and micro turbines. Wind and
solar energy are intermittent and unpredictable in nature and cannot be used for reliable
power system operation. In a conventional system, generation follows the load pattern
whereas since there is no control over renewable generation, in a renewable integrated
system loads are made to follow the generation. To handle variability of renewable power
generation effective forecasting method is necessary. Petre et al. described short term wind
forecasting by Markov chain and Chapman-Kolmogorov equations [1]. This technique was
useful to generate data even if errors may creep in which needs estimation. So, to include
this variability in the power system, stochastic models were needed for safe and cost
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effective operation of power system. In stochastic model, uncertainty was represented by
scenarios which could be generated by various methods [2]. Generally, forecast error due to
variability and randomness was compensated by energy management from supply side i.e.
by using energy storage technologies [3]. The demand side management (DSM) technology
is the option to manage the renewable power intermittency from load end. DSM is basically
voluntary demand reduction or load shifting from peak load to lean load hours to reduce
power consumption during peak load period which improves system reliability. It may also
support to increase consumption during high production and low demand period. To
accomplish this, the first criterion is to segment the various types of loads. Different types
of electricity customer namely industrial, commercial and residential customers with
different electricity consumption behaviour and pattern provided operational reserves that
have been modelled in separate research work [2]. As per time of the day (TOD) pricing or
real time pricing (RTP), customers would pay the highest prices during peak hours and the
lowest prices during off-peak hours [4]. Load shifting technique is mainly applied to the
usage time of appliances of residential and commercial customers. To shift different
appliances from peak load hours (high pricing period) to lean load hours (low price hours),
the most important thing is to know the appliance characteristics and their operating time
over a day. Different appliances were modelled in a later work whose working hours can be
shifted to different time of the day [5].

Although smart energy scheduling has already been proposed in different papers, combined
effects of load reduction and load shifting considering the variability of renewable resources
and their effects on the cost of energy have not yet been demonstrated. In this paper, a
demand side management approach has been undertaken so that difference between load
and generation becomes minimized at an optimum cost with minimum computational
complexity. Overall day-ahead operational cost is modelled by two-stage stochastic
programming method and has been optimized by CSA. The novelty of the work lies in
development of area based load shifting technique while implementing this in micro grid
scheduling. Appliances are shifted from peak load period to off-peak period according to
their consumption. Even if, the variability present in the system will be catered by reserve
from source side such as natural gas based generation and grid, participation of load to
supply load reserve is also utilized to keep a balance between generation and load. The effect
of load shifting and incentive based load reduction on daily total energy cost in day-ahead
scheduling of energy is implemented. The demonstrated cost comparison shows substantial
reduction in case of DSM based technique.

2. DEMAND SIDE MANAGEMENT
2.1. Load shifting model

0 5 t1 10 15 2 20 3 25
time

Figure 2.1. Typical generation and load curves for 24 hours
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A new approach for load shifting is implemented in this work to consider the variability of
renewable generation. In this work only domestic loads have been chosen for shifting with
due agreement with the consumers. In Figure 2.1 between t; to t, hours, generation is more
than load whereas between t; to t3 load is much higher than generation. In the proposed
technique operation of appliances planned between t5 to t3 is shifted to the time slot between
t1 to tp, such that amount of excess energy between t; to t; is totally/partially consumed. This
will help in utilizing the excess generation between t; to t, hours and reducing the load
between t> to tz hours. From the figure it is also seen that generation is more than load
between 00:00 to t; hours. But the consumption of that excess generation is already planned
and included in the scheduling. Between t; to t> hours, solar generation is generally,
maximum and loads are lean. Beyond t; hours peak load period starts and it may be difficult
for the consumers to run some appliances. Rather usage of appliances between t; to t hours
may be more economically comfortable for the consumers. For that shifting of load from
peak load period to lean load period has been chosen. The excess energy F may be written
as

F = min{areal — area2} (2.1)

areal = [(f,(t) - f,(t)) dt (2.2)

area = Ziitz Yapp =1 NSt (app, h, t) x KWhr(app, h) (2.3)
psolar () 4 pwind(t) = pload(t) + ¥, M-y N*"/* (app, h, t) x

KWhr(app, h) X U/t (app, h, t) (2.4)

20, UMt (app, h,t) = Trpy 2.5)

Sapp Th=1 N/ (app, b, £) < Ny 2:6)

The objective for load shifting is to minimize the difference between excess generation and
excess load and is formulated by (2.1). Equations (2.2) and (2.3) represent each term of the
objective function where f; (t) and f,(t) are considered as load curve and generation curve
respectively. The number of appliances of type app to be shifted from t** hour is
represented by N"/¢(app, h,t) and KWhr is the consumption of each type of appliance.
Equation (2.4) is included to check the balance between load and total renewable generation.
Run time of each appliance is described by (2.5) where US"/ is the on-off status and T},
is the run time of each appliance. If a appliance starts from t; hour it will stop at t, hour
without any interruption.

2.2. Load shifting model
Incentive based demand reduction is one of the easiest ways to support the intermittency of

solar and wind. Equations (2.7) to (2.9) are used to calculate the incentives paid to different
customers for participating in the demand reduction programs.

ICE 4 (i,t) = IPE4(i, t) X incen™® (2.7)

CCE . (cc,t) = CPE, (cc,t) X incenco™ (2.9)

RE,(r,t) = RPE.(r,t) X incen™s (2.9



4

here, i, cc, r, are the index of industrial, commercial and residential customers respectively.

Demand reduction of different customers have been given by IP£,;, CPE,,, , RPE,.

IPT% (i, ¢) > IPS,, (i, t, s) — IPE, (i, £) (2.10)
CP*(cc,t) = CPS,,,(cc,t,8) — CPE . (cc,t) (2.11)
RB™MX(r,t) > RPS,(r,t,s) — IBE (7, t) (2.12)

Boundary conditions for amount of load reductions are determined by (2.10) to (2.12).

3. MATHEMATICAL FORMULATION

3.1 Objective function

The main objective of this study is to optimize the total operating cost considering variability
associated with renewable generations and loads and maintaining the balance between the
load and generation with an uninterrupted power supply over a day. A two stage stochastic
program is developed for optimization problem and is mathematically formulated by (3.1).
First stage variables are called here-and- now variable i.e. the optimization variables that are
common to all scenarios and indicate the day-ahead energy transaction. The second stage
variables or wait-and-see variables are the variables those take on different values in each
scenario considering the real time operation with wind and solar power variability. One
hundred scenarios have been generated by Latin hypercube sampling-Cholesky
decomposition (LHS-CD) method and reduced into two scenarios by k-means clustering
method [6]. Now the total cost TC can be written as

TC = YT_ [Cs°WT (t) + CV™a(t) + ¥ M_.{C9% (m,t) +
SUI%S(m, )} + Xi_1{ICH, (i, ) + X1 {CCEy (co,t) + R {Ries (1, 1) + CI(8)] +
[X5_; ProbS{¥T_, CS°NT(t,s) + C¥a(t,s) + IM_{CI™ (m,t,s) + SUI* (m, t,5)} +
n=1 Cfenres (0, t,8) + Xioy ICH, (i, t,8) + XL, Coom (cCit,s) + X8y €1 (r,t,8) £
cIm(e,s)) 3.1

where, Cs°lar, cwind  (9as (9mid are cost of solar, wind, scheduled gas reserve, power
generation and selling or buying price of power to or from the grid respectively. Start up
cost of the gas generator is SU99s. ¢solar cwind 995 9" gre cost of solar, wind,
scheduled gas reserve, power generation and selling or buying price of power to or from the
grid for each scenario.

3.2 System constraints

Maintaining balance between load and generation is the main constraint of this program.
Equations (3.2) and (3.3) give information about load balance in day-ahead condition and in
each scenario condition. Therefore, the equation of balance can be expressed as

Psolar(t) + Pwind(t) + Z%:l Pgas(m’ t) + Pexcess(t) — Pload(t) _ Z§=1 Ipifld(i' t) _
CC_1 CPE (cc,t) — SR RPES (r,t) b (3.2)

Pssolar(t’ S) + Pswind (t, S) + Z%=1 Psgas(m, t, S) i Psexcess(t' S) — Pload(t) _
%:1 IPiild (i' L, S) - Z(c:cc=l CC(:Som(CC' L, S) - 21}3:1 RPrSeS(T‘, L, S) (3~3)
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Hourly forecasted power outputs from solar and wind are P5°!47 pWind and are calculated
as in [2]. Scheduled power output is P99 and P7** gas power output in scenario. Hourly
load demand connected to the microgrid is represented by P!°*®_ Excess power to be sold or
buy to or from grid is expressed by P¢*“¢*S. Now we can also write

F995(m, t) = [a + B X P9%(m, t) +y X {P995(m, £)}2] x U995 (m, t) (3.4)
F9% (m, £) < Fes (m) (3.5)
SU99S(m, t) > 5c995 x (U995 (m, t) — U9% (m, t — 1)) (3.6)

Equation (3.4) represents the relationship between gas fuel and power output of the plant.
Amount of fuel required for power generation of m" unit at t*" hour is F9%°(m, t). The
on/off status of the gas unit is U9%°: 1 is considered on, 0 is off. Gas unit system constants
are a, 5, y. The availability of the fuel over the day is calculated by (3.5). Start-up cost
SU9% (m, t) of gas unit is determined by (3.6). Start-up cost of each gas plant unit is sc9%°.

4. RESULTS

4.1. Day-ahead energy scheduling without demand side management
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Figure 4.2. Day ahead energy scheduling without DSM

Day-ahead energy scheduling without demand side management program has been shown
in Figure 4.1. In day time, e.g. at 10:00 am, as the renewable generation mainly the solar
generation is high, excess 8.74 MW generation is sold to grid. In evening time, for example
at 8:00 pm, the load is much higher than renewable generation because of zero solar output.
Mainly gas reserve takes up the excess load of 35.68 MW and hence increases the fuel cost
which in turn increases the total operating cost.

4.2. Day-ahead energy scheduling with demand side management

Figure 4.2 shows, the renewable generation is excess from 8:00 am to 4:00 pm and load is
excess between 4:00 pm to 9:00 pm. Hence load is shifted from the later period to excess
generation period. As for example, load of 9.36 MW is shifted from 7:00 pm and load of
3.43 MW is added to the load at 12:00 pm as the renewable generation is excess. This load
shifting is implemented by the developed method explained in section 2.
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Figure 4.2. Load curve comparison for DSM

The combined effects of load shifting and incentive based demand reduction in day-ahead
scheduling are presented in Figure 4.3. As at 12:00 pm some load has been shifted, there is
no surplus generation to be sold to grid. At 7:00 pm shifted demand of 9.363 MW and
incentive based load reduction of 16.11 MW allow gas unit to generate only 13.55 MW
instead of 33.55 MW as in the case of without demand side management.
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Figure 4.3. Day ahead energy scheduling with DSM
4.3. Cost comparison
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Figure 4.4. Comparison of Hourly energy cost

Figure 4.4 shows hourly cost of energy which clearly shows that reduction in operating cost
using DSM occurs during the peak load period. At 8:00 pm the energy cost is Rs.
514996506.3 in case of without DSM whereas with DSM this cost has been reduced to Rs.
86401732.08. It also reveals that, since with DSM loads are shifted to the excess renewable
generation period to consume maximum amount of renewable generation it reduces the
amount of load in peak load hour. Reserve from load side helps to reduce the amount of
demand in peak load with less renewable generation period and hence reduction in operating
cost from Rs. 2398829115 to Rs. 505529445.3 is achievable within a day.



s. CONCLUSION

A novel demand side management technique has been developed and implemented in a
microgrid. Microgrid considered in this paper utilizes solar and wind as major supply
sources and grid and natural gas based generation serve as reserve sources. The energy
scheduling of the microgrid is done considering the variability of solar and wind sources.
Hourly cost comparison is done to demonstrate the cost reduction period. The total daily
cost reduction due to use of DSM and smart scheduling has also been established. For a
futuristic approach, demand side management considering appliances with different
characteristics can be analyzed.
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Abstract.

Traditional Transportation system is used fossil fuels which created Green
House Gas Emission (GHE) and exploited the environmental conditions. Now days the
initiative is reflected in many countries of transforming from traditional gasoline based
transportation system towards Electric Transportation. There are two types of Electric
Transportation system such as Retrofitting based Electric vehicle system and Battery
operated Electrical Vehicle (EV) system. Mostly Battery operated Electric Vehicles are
attracting to users. Utilisations of EV are day by day increasing and hence there is need to
enhance the entire performance of EV by designing the optimistic internal parameters of
Battery used in sub systems of EV. The entire performance of battery is depending upon
the various factors of battery such as specific energy, specific power, life cycle, safety,
charge time, internal resistances, charge and discharge time, temperature, cost, and
toxicity. Hence there is need to deals with the above mentioned factors and internal
parameters of battery for improvement in performance of Battery. The main objective of
proposed research paper is to study and analyse the electric circuit model (ECM) of Battery
that used in EV to find the internal parameter by using Algorithm. The various models of
ECM such as Simple Model, Enhanced Simple Model, Dynamic Model, Thevenin based
model, Modified generic model, Tremblay model are critically reviewed and all are
mentioned the elaboration of Internal parameters of Battery. During the study of Thevenin
model, it has been highlighted that third order is responsible for creating the huge transient
response in ECM and hence to reduce the transient response there is need to design and
developed the optimistic R, C parameters of ECM. Detailed studies of comparative
analysis of various models are highlighted by considering the uncertainty analysis.

Keywords. Electric, Vehicle, Battery, Modelling, BMS.

1. INTRODUCTION

Due to increasing the cost of oil and gas at International level, the transportation cost is
increasing day by day. Fossil fuels based transportation system produces huge Green
House Gases (GHE) emission and polluted the entire environment. Electric Vehicle is
rapidly acquire conventional automobile market, due to its efficient and easily availability
in market[1]. World people's community focus on maximum use of renewable energy for
daily use, because of conventional transport system produced huge carbon dioxide, air
pollution, impact on ozone layer, climate changes (flood, storm) condition. Today
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transportation industry work on fuels first and manpower is the second requirement of it.
India import crude oil from USA 1.9, 6.2, 10.3, 10.8 million metric ton of spend 34138,
11398, 218915, 216614 crore respectively for the year 2017-2018 to 2020-2021.
Reducing reliance on foreign oil, a researcher looking for other alternatives sources of
energy such as hydrogen storage, a battery, solar PV, Fuel Cell (FC), biofuel and huge
injection of various Energy Storage systems (ESs) like batteries, ultra capacitors (UC),
etc[2]. Due to limited resources of fuels, huge cost and GHE are the causes for
transformation of traditional transportation to sustainable is obtained by using Electric
Vehicle (EV) [3]. In EV energy storage system is playing very important role and out of
many storage systems are available [4-7], battery is most reliable one. Most suitable, most
reliable and more flexible to recharge the battery is nothing but the secondary battery i.e.
Rechargeable Battery. The primary battery is a single used battery, the application of this
cell is in wrist watch, toy, torch, gas water heater etc.[8] Main focus on internal parameter
estimation of battery, the parameter of battery are directly affect on the performances of
battery, once we find the perfect value for parameter of battery then it is used in
simulation. Various algorithm are developed and explain by researcher for battery
parameter [9]. Like an AC system, Battery is not facing the integration issue like reactive
power, harmonics, power factor, frequency monitoring and control, synchronisation, etc
[10]. Battery charging is hot issue in recent decade, many researcher proposed different
charging circuit for differential battery with insight effect on it [11].

Battery has basic source of storage of electricity having different type (Table I)
having advantages and disadvantages, Li-ion batteries lead in market for his recent
development and performances [12]. DC storage system (Battery) is also facing several
issues like life cycle, cost, weight, uncertainty issue, performance, safety, interfacing with
electronic component and protection and hence it is indeed to deal with above highlighted
issues in EV storage battery system [13-16, 31]. DC storage system (Battery) controlled
and operate through power electronics circuitry, the dynamic model of battery as well as
charging circuit are discussed [17]. The modelling and simulation give idea about system
performances, characteristic, and nature of responses in advanced. Through the simulation
we find the behaviour of battery for charging and discharging mode, inserting some critical
condition in it. Once we find dynamic responses virtually and it is implement on real time
physical system [18-20].

The main objective of this paper is to look upon, the various equivalent electrical circuit’s

models of lead acid battery, Nickel metal hydride and Lithium Ion battery for enhancing
the performance efficiency of battery by using internal parameter identification techniques.

2. BASIC OF BATTERY SIZING.

The battery is a constant source of power, there are three types of Battery packing system
are available such as individual battery cell, number of cells are combined in a module and
no of modules are combined in a pack [22]. Battery is used in EV and during its normal
operation it is discharging in non linear acceleration and variable braking operation. Hence
to maintain the stability during the running operation of EV, Energy storage system is
ensure the tolerable values of performance parameters by maintaining the stability,
reliability and optimum operation of EV.
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Figure 1: Level of battery pack.

Hence by proper planning and selection of battery above mentioned parameters can be
enhanced [5]. Electro mobility needs lightweight batteries which are having enough
capacity to fulfil the need under fast charging and discharging mode of operation. Fig. 1
shows the proper battery pack system in singular cell, modules and level of battery packing
system.

2.1 Selection criteria of Battery

The selection of battery is deciding upon the efficiency, safety, charging and discharging
time, cost, life cycle, etc and following factors are consider in systematic selection
approach.

1) Proper selection of battery according to load. (Few KW to 100 KW): According
the size of chassis, weight and load to be carrying, the motor rating is selecting.
According to motor rating the battery rating to be decided[30, 31].

2) Shape of Battery. There are three types of shapes of battery are available such as
Cylindrical, Pouch, Prismatic. According to size of vehicle, it is decided the
particular shape.

3) Topology for charging and discharging: There are different types of charging and
discharging topologies are available (seen section 5) such as stable current, stable
voltage, combine stable current and voltage, etc.



4) Battery Management System: During the continuous operation of battery, the
sudden charging and sudden discharging of battery affected the voltage profile of
cells and unequal voltage available in different cell and in battery. Hence the
entire performance of battery is affected. Hence it is needful to maintain balance
voltage throughout the different cell. Hence BMS is used in battery to maintain
stable constant voltage in entire battery[31].

2.2 Development of Battery
Battery has long history Figure 2 give idea about evolution in it. The progress has

happen in electrode, electrolyte solution, life of cell, charging and discharging rate, safety
and its application in various industrial, commercial and domestic use. In early era of
battery used for limited application but recently development in technology and limited
sources of conventional energy sources and its impact on environment is key point to use
it. Battery can be charged through renewable energy source (i.e. sunlight), from solar panel
we got DC power to store this power into battery [4, 13, 17].

A
Thomas A. Edison (1901)

Nickel iron (Ni Fe)

Waldmar Jungner (1900)

Nickel Cadmium (Ni Cd)

Lead Acid (Pb) Gaston Plante (1856)
o
=
& Fuel Cell William R. Grove (1830)
G
o
2
S Copper & Zinc (Cut+Zn) John F. Daniell (1825)

Wet Cell Voltaic Pile (1800)

Luigi Galvani (1780)

I Benjamin Franklin (1749)

: : : : : : : : :
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Figure 2: Development of battery.
e Benjamin Franklin an American researcher was introduced the concept of storage
energy using battery in 1749.
e  Luigi Galvani was suggested some modification in battery in 1780.
e Voltaic Pile [28] was introduced the concept of wet cell in 18" century.
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e John F Daniell [28] continue the work of V. pile and remove the error in previous
research of battery. He introduced the combine copper and zinc electrodes in
battery during 1825.

e William R. Grove was described the concept of fuel cell in 1830-39.

e  Gastone Plante [28,29] was lunched the concept of Lead acid battery in 1856.

e  Waldmar Jougener [29] was developed the concept of Nickel Cadmium during
19" century.

e In 1901, [29] Nickel Iron battery was introduced by Thomas Edition.

Battery is performed well during static load operation but during the dynamic load of
operation it’s discharging mode of operation affects the overall performance of battery.
During the charging and discharging mode of battery operation, the overall temperature of
battery increases and it is indeed to control the temperature within the tolerable predefined
values. Aging and de-rating effect of battery needs to consider during performance
analysis of battery under charging and discharging mode of operation.

Table I: Comparative Study Of Various Batteries Parameter (24).

Nickel Lithium Ion
Lead Nickel | Metal
Specification Acid Cad'r.niu Hydrid | Copalt | Manganes | Phosphat
(Pb0Oy) | m (NiCd) e (Co) e (Mg) e (POy)
(NiMH)
Specific
electric
- 40- -12 155-2 110-1 -12

Eneray(Whikg 35-55 0-85 55-125 55-255 0-155 95-125
)
Charge - Time | ¢ 14 1-2 2-3 2-4 1-2 1-2
(Hr)
Internal Moderat
Resistances Very low | Very low | Low . Low Very low
Life Cycle 500- 1000-

200-300 | 1000 300-500 1000 500-1000 2000
Self Discharge
/ month (%) 5 20 30 Less than 5
Battery  Cell

2.1 1.30 1.30 35 3.6 3.1-3.4
Voltage (V)
Charge Cut off
voltage 2.40 1.5 1.5 42 42 3.6
(V/cell)
Discharge Cut
off  voltage | 1.75 1 1 2.50-3 2.50-3 2.50
(V/cell)




Nickel Lithium Ion
Lead Nickel | Metal
Specification | AC¢ld | Cadmiu | Hydrid | Cobalt | Manganes | Phosphat
(PbOy) | m (NiCd) e (Co) e (Mg) e (POy)
(NiMH)
Charge
Temperature -20t0 50 | 0to45 0to 45 0to 45
)
Di
ischarge 20to
Temperature -20to 50 | -20 to 65 65 -20 to 65
O
Maintenances | 4-5.5 2-4.5 2.5-35
. Free
Required months months months
Safety Temp is | Temp is controlled
troll d it is stable usi L .
con ro. € [ananiss a. ¢ USIE 1 BMs protection is required
dand it fuse protection
is stable | system
Cost Low Moderate High
Toxicity Very Very Low Low
High High
3. MODEL OF BATTERY

To understand the nature and operation of battery, modelling of battery is indeed.
Battery consist of Anode, cathode and electrolytic solution which is shown in Figure 3.
Operation of battery is established by electrochemical process, Lithium ions are travel
from Anode to cathode under charging process and electrons are travelled through wire to
form a electric circuit. During discharging process, Lithium ions are moved out in
extraction mode to form electric circuit. Ions are travel form anode to cathode under
intercalation mode and neutralize the charges. In battery operation movement of Li ion is
important process, In discharge mode the electrolyte solution in neutralised mode therefore
ion not travelled from it, in the chemical action water is form as by-product and its reduces
specific gravity of electrolyte. For fully charged battery specific gravity of acid is 1.26 and
for fully discharge battery is 1.17, it is measured by hydrometer. In Charging mode in the
battery electrolyte for a chemical reaction in it and ion travelled from it and we get power
from battery [6, 8].
The viscosity of electrolytes is an important parameter for SoC calculation. Lithium
technology is heavily used among the batteries option because of its upper electric energy
density and decreases the electric discharge rate.
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Figure 3: Charging and discharging process[32].

Battery performances carried out by parameter are Specific Power, Safety,
Performance, Life Span, Cost, Specific Energy, etc. (Figure 4). The average life of a
battery is 7 to 10 years depending on the power consumption profile of the battery at the
time of acceleration and braking mode [4].

Specific Specific

Energy Power

Performance

Figure 4: Battery performances major parameter[31].

Electrical circuit models are frequently transform into an equivalent circuit for the
scientific model to produce the effect of the batteries under charging and discharging mode
of operation. Electrical model, we know the mathematical model of battery, if ones we got
dynamic model use different analysis tools such as Machine learning, Neural network,
fuzzy logic, artificial intelligence to predict the batteries performance [15,32].



3.1 Classification of Battery Models.

Modeling of battery circuit, drive an important role in the research and blooming
of any real-time problem. Modeling will help to change the thinking on subject in many
ways for the same problem. Real systems can be transformed into physical models or a
mathematical model which allows knowing the dynamics behavior of the system through
simulation. Modeling helps to predict the responses of any real system, in advance before
implementing it on the object. It is done by system theory and deep knowledge of
particular object. Modeling is based on computer-based software and it gives optimum
result and accuracy for the system.

As per the various internal factor, battery circuit are classify in many model are listed
below
i.  Electrochemistry models,
ii.  Electrical models,
i.  Thermal (Heated) models,
iv.  Mechanized models,
v.  Atomic (Molecular) models,
vi.  Interdisciplinary models (Electric-thermal-chemical, etc.)[ 18],

=

i

Distinct techniques or approaches of modelling:
i Physical based models (Electrochemistry),

ii. Experiential models,
iil. Analytical based or mathematical model,
iv. Electrical circuit models,

V. Stochastic models,

vi. Compound models, [7, 19].

4. EQUIVALENT BATTERY CIRCUIT MODEL

Many researcher explain various battery model for different factor are present in
the literature that is used in modeling of battery for a simple differential model to third
order or 'n' number of order differential model. For the estimation of battery performance,
various mathematical models play a significant role [20].

4.1. Simple Models

The first mathematical modeling is presented by M. A. Casacca [7] in 1992 for
lead-acid batteries. Battery specifications of an ideal battery are given in capacity Ampere
hour (Ah) and voltage (V). The present power of the battery calculate by the product of
Current capacity and Voltage i.e Wh, Figure 5 shows a simple linear model it consists of
internal resistances (Rin), Open circuit voltage (Voc), and battery terminal voltage (Ur).
This model shows linear characteristics not contain any nonlinear element in this model.
This model gives the steady-state response.



Rint Rin Dbis
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Figure 5: Simple linear model. Figure 6: Charging and discharging circuit.

The Riy decides the heat generate in a battery. Basically battery temperature is majorly
depends on internal resistances, so every researcher has air to nullify the resistances of
internal parameter of battery. Whenever a load is connected the terminal voltage is:

Ur = Vo = Rine * 1 (D

In the Simple linear model is neither Ut nor V. vary with state of charge (SoC). Internal
resistance of this simple model does not consider into account because the state of charge,
electrolyte concentration, and electrolyte formation not dependent on it i.e Rint.

Resistances for figure 6 shows different for charging and discharging condition,
For charging condition Ut > V., the charging Diode is in forwarding bias and discharge
Diode in reverse bias and vice versa in discharged condition.
For Charging, Terminal Voltage,

Ur = Voc + Rine * 1 (1a)

For Discharging, Terminal Voltage,

Ur = Vo = Rine * 1 (1b)

4.2. Enhanced/Amplify Simple Battery Model
In the amplify battery model, the voltage source is replaced by the state of charge
(SoC) controlled voltage. The effect of open circuit voltage (Voc) is dependent to SoC.
Rint (SOC) Rint

ANV A
B D

Voe Ur J‘Cq J_ Cp Ur

Figure 7: SoC simple battery model. Figure 8: Dynamic model with RC.
In figure 7 shows the amplify circuit model for battery, from this model the new terminal
Voltage (Ur), is,
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Ur = Voo = Rine(S0C) * 1 (2)
Where internal resistances can be calculated as,
Rine(S0C) = Ry/S* (3)

Where SoC, Ry, and k are present charge status of the battery, initial internal resistance and

a capacity factor respectively.
zan

C1o0

SoC=1- “4)

Where A indicate value for current, h is time and Cj is battery capacity for 10 hours.[8]

4.3. Dynamic Model

The RC or dynamic model is consist of polarisation (p) and capacity of battery (q)
parameter shown in Figure 8. It was first invented in 2000 by the SAFT Battery Company
for the NREL.
Figure 8 it having two resistances and two capacitances (R, Rq, Cp, and Cg). where 'p' is
polarization and 'q' is the capacity of the battery respectively, Cq is indicating SoC capacity
of the battery, and the value of Cq is very high. Rq indicates limiting resistances.

The equation are as:
Ve =Voc —Ig *Rg * Ripy ¥ 1 (5)

Vi =Vep —Ip*Rp — Ripy * 1 (6)

4.4. Thevenin-Based Battery Models

Thevenin model is considered for finding nonlinear responses of the system. This
model gives a valid solution for the transient state. To simulate transients result in
computer based software, some phenomena as polarization must be considered.
Thevenin model are categories between

1. First (I**) order Thevenin model

ii. Second (11"Y) order Thevenin model
iil. Third (IIT'Y) order Thevenin model
iv.  N™ order Thevenin model

According to the cell connected in series and Parallel for constant output Voltage.
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voc UT

Figure 9: N order thevenin model
In figure 9 consist the battery model with n number of pairs of parallel resistors and
capacitors, (R1, Cl ), (R2, C2 ), ..., (Rn, Cn ), The Equivalent Output Voltage of
thevenin model is,

t
Ur =Voe = Ripe ¥ I — Z%=1 R I(1—e chk) (7N

For n' order battery model, we calculate the value of Resistances and capacitances for SoC
and SoD. The Value of n pairs of parallel resistor and capacitor can be calculated by [10,
11].

4.5. Modified generic battery model (Shepherd Model)

C. M. Shepherd elaborate a battery model in 1965. His research he find a
mathematical equation that explain the discharging processes of different cells by
calculating the cell voltage during discharge [3]. Shepherd's find that the relation between
battery terminal voltage and current, Shepherd's model derive the interaction between the
terminal voltage of the battery and the discharging current. These experimental models
give the best result for stable characteristics performances of the battery on a certain
discharging current (exponential current). Figure 10 give the idea to build-up nature in
simulation [11].

Q

Ugys = Ey— K (ﬁ) i — Ryi + Aexp(=BQ~1it) (8)

System
Function

Low Pass
Filter

Figure 10: Modified generic battery model.
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4.6. Tremblay Model

Olivier Tremblay presented an easy-to-use battery model using dynamic
simulation software. To avoid the problem of forming an algebraic loop, this model only
used the SOC of the battery as a state variable [2]. The controlled terminal voltage (Ur) is
depended on current consumed by battery, for proposed battery model it assume Riy and
thermal characteristic are kept constant.

Up=E,— K (ﬁ) + Aexp(—B * i *t) (9)

Tremblay model have two constraints

First, the minimum no-load battery voltage was zero V, whereas the most battery voltage
wasn't restricted. Second, the minimum capability of the battery was zero Ah, whereas the
most capability wasn't restricted. Therefore, the most SOC is larger than 100 percent if the
battery is overcharged. Once the parameters were well determined from the discharge
curve provided by the makers. The Tremblay model might accurately represent the
behavior of the many kinds of batteries. The electric circuit models square measure
enforced in dynamic simulation studies like wind energy conversion systems, electrical
phenomenon systems, and electric/hybrid vehicle systems [10, 11].

+ 1
G C b
R [ | i =—=¢ =\
' Tuw |
Figure 11. Impedance based battery Figure 12. Run time based battery model
model.

4.7. Impedance based battery model

Figure 11 show circuit for electrochemical impedance spectroscopy (EIS), for calculating
battery parameter this technique are commonly used. Impedance are depends on applied
voltage and its result take on nyquiest plot[6].

4.8. Run time based battery model

Figure 12 Simple run time model for estimate the parameter. In circuit Rggisc i self
discharge resistances, Cuy is the capacity of battery, Vi is battery voltage is depends on
SoC .
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4.9. Combine or Hybrid Model

In this model combine two different model to check the parameter of battery using high
computation method. Combination of two model open number of algorithm for nding real
time State of Charge SoC , State of Health SoH , Depth of Discharge DoD for further
information of battery. Figure 13 give simple view of hybrid model.

Short time
transient
[ C
Rint
*+ 1 ; -
t R | | R
vy . 1
I Long time
" ] transient
:f - Voc Ur

|
||

Figure 13. Combine or Hybrid Model.

5. CHARGING TOPOLOGY

Battery charging is important task in EV. Charger having two type according to
power flow in battery unidirectional and bidirectional charger. In unidirectional mode only
grid supply power to the battery through charger and in bidirectional charging mode grid
supply power to the battery at rated current according to the charger design and in steady
mode of devices flow power from battery to grid in peak load condition. A charging device
has the subsequent 3 functions: 1) Delivering safe charge to the battery; 2) Optimizing and
control the charge rate, and 3) Terminating the charge. In literature battery having different
type according to his material used in it, chemical action, electrolyte, etc. Nickel batteries
require solely constant current (CC), whereas Li-ion batteries need a continuing
current/constant voltage (CC/CV). Pulse charging, which uses a pulse current for up to one
second, followed by a rest period and a discharge pulse for milliseconds, is claimed to be
best as a result of improves the charging speed and efficiency[11]. Design an economical
charger are simple and reliable for charging of the battery, the literature compare and
evaluate some charging algorithms because every battery having a limitation for nickel and
lithium batteries (lead-acid batteries are escaped due to the nature of their applications,
which is different from nickel and lithium batteries) [12, 13, 26].

6. PARAMETERS CALCULATION FOR OPTIMIZATION

First-order (RC) model, the parameters can be easily evaluated from the
experiment. The models with two or more pairs of parallel RCs element, having different
rating give the stable responses but increasing the RC pairs the order of model will
increase and it directly affect on system responses. Therefore to find all values for RC is
mandatory to minimize the error in physical model. According the research of the Tingshu
Hu et al., give primary idea about to estimate internal parameter (R, C) of the Thevenin
model. This battery model deal with nonlinear characteristics, because the voltage and
current are depends on state of charge. The SOC will vary the battery performances
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characteristics. Figure 14 Flowchart give the accurate value for battery internal parameter
for fast and most efficient SOC, to find battery model.

A4

circuit model

Building the 3rd order equivalent

!

A4

Identify the battery parameter
Rx, Cx. x=1,2,3)

4

Generating initial charge
pattern

A4

Simulate the battery

model

A4

onl, T, V, SOC

Evaluate the fithess function based

Update the new
parameter value Rx, Cx

Satisfied end condition

A

No

Figure 14: Flowchart for Parameter estimation[10],[25].

7. RESULT
Nominal Current Discharge Characteristic
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Figure 15. Typical discharge curve [3]

EO0 = 3.9037. R = 0.036, K = 0.026871, A = 0.30231, B = 61.0819

4.5
Charge Conditicns: CVCC 4.2V, 1CmA, 0.05CmA cut-off at 25°C
Discharge Conditions: CC to 2.75V at 25°C
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Figure 16. Li-Ion battery 3.6V, 1 Ah [3]
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Figure 15 shows a typical discharge characteristic (TDC) which is referred from specific
battery data sheet. TDC is supporting to calculate the various technical parameters such as
Nominal Voltage (V ) , maximum capacity (AH) , Rated capacity (Ah) , Fully charged
voltage (V ) , the internal resistance (R) , Nominal discharge current and end of
exponential & nominal zone from manufacturer data sheet. Data sheet of battery contains
ideal discharge characteristics which is consider as a reference and various technical
parameters are refereed from data sheet and utilised in MATLAB simulation model.
MATLAB simulation model results are validated with ideal reference discharge
characteristics. It has been observed that the results are exactly matches with ideal
reference discharge current. Figure 16 shows that Lithium Ion Battery having capacity of
3.6 V and 1Ah. Fig indicates that Eo is important term and it is calculated by referring the
various technical parametersfrom data sheet. Ey is calculated for different batteries and it is
varied according to TDC. Results obtained from simulation models are validated by
considering Charge rate of 0.2, 1 and 2. Figure 17 (a) shows the relationship between Soc
and time, Experimental and simulation result are compared and validated. In this plot,
battery initially has fully charged i.e SoC is 1 and according to utilization of power present
in battery, SoC is decrease. According SoC graph curve, It has been concluded that, Soc is
predicted the approximate range in kilometer. Soc is decrease during discharging process
and SoC increase during charging time. It has been observed that both curves are in same
nature and 5% tolerance are expected due to certain constraints. Figure 17 (b) shows curve
of voltage verses time. In this case both the simulation and experimental analysis shows
satisfactory result. Figure 17 (c) shows relationship of current verses time. The nature of
battery current is same during both the simulation and experiment result with maximum
5% tolerances are provided herewith. Current is varied according to SoC of battery. Plot C
shows that initially more current is draw due to accelerating mode of electric vehicle and
constant for rest period for 20-80% of SoC state.
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Figure 17. Experimental and Simulation Results.

Figure: 17(b)

8. CHALLENGES OF ELECTRIC VEHICLE

e EV is best alternative for IC engine, To Drive EV, need of Battery, Supervisory
Controller, Sensor, Decision controller, Alarm System.

o EVs are the least expensive compare to any other vehicle combination.

e Modern Electric Vehicle will be essential that develop supervisory control
strategy and to study the performance of the vehicle under different driving
conditions.

e Economical and safety issue, simulation of the vehicle control strategy is needed
prior.

e Overcome of limited range problem of vehicle test different
Configurations/architectures can be considered for converting the existing electric
vehicle.

e The variety of battery chemistries available,[1,32]

9. CONCLUSION

In the development of electric vehicles the battery is the soul of the whole system,
find the best battery for the system is a very important task. The battery performances, we
know the internal parameter of the battery that directly affect the battery performances
(SOC, SOH, SOP, Temp., Voltage, Current) In this perspective article we discuss different
equivalent electric circuit model (ECM) for the simulation process having different pros
and cons, Among them Thevenin third-order model has the good dynamic result for
parameter estimation of the battery. Modified generic battery model has been developed in
simulink and compare with experimental result. This model show very good result to apply
for BMS algorithm. All this equivalent circuit model reduces the charging time of EVs, a
safe and efficient electric model of the battery. Also, discuss charging topology for battery
performances.
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Abstract

The major components in forming process of operations are dies and punches. The
combination of die and punch together make a one unit which is called as die set. As per
the requirement basic material to manufacture die and punch is cold work tool steel. To
perform maximum work then wear resistance as well as strength of die is required.
Generally working surface of die is made with stellite or cemented carbide material. For
the present work, the investigators have visited to automobile industry where industry is
presently facing the problem of failures in inner lower control arm which is a part of
suspension system. The surface of component can display typical ductile fracture on inner
and outer surface of inner lower control arm. The experimental work had been carried out
with energy efficient heat treatment process for tool steel such as OHNS, D-2, D-3, and
EN-31 as per industrial requirement on the basis of tensile test and chemical
Compositions.

Keywords. Cold work tool steel, Failure Mode Effect Analysis (FMEA), Rework priority
number (RPN), Draw bed restraining Forces, Percentage indices process capable.

1. INTRODUCTION

In automobile industry sheet metal parts perform an important role also it will increase
competition in global markets. Different parts of four wheeler system, body parts of
vehicle, and door parts are manufactured in sheet metal industry. In manufacturing
industry we can observed that for each and every process there are some defects [1]. In
manufacturing engineering process design for sheet metal forming is also important aspect,
which can calculate cost and evaluate quality of product. On the basis of trial and error
method conventional process design is efficiently implemented [2]. So to reduce cost,
remove defects, improve product quality and productivity decide whether the industry can
maintain their leading edge and competitiveness in all over market places [3].

Recently, the industry has to set group for the forming simulation which are as follows [4].

I. Reduce the time:
a. Early checking of work pieces
b. Reduce the time for development
c. Reduce the trial times
d. Check modification wishes with minimum time
II. Reduce the Cost:
a. Manufactured product with minimum cost
b. Reduce the cost of die



c. Press down sizing
d. Reliability of part increases
II. Improve the product quality:
a. Selection of quality work piece material
b. Complicated parts with Quality
¢. Accumulation for new materials
d. Process repeatability

1.1 Origin of the Research Problem

This project focused on industrial component which are used in automobile suspension
system which is attached to chassis. Now demand of industry is to avoid component failure
as well as no fracture or no rework. The tools are loaded in complex manner,
understanding these loading conditions are important for efficient jigs and fixture design.
The components must be durable enough to tolerate significant loads and harsh
environmental effects. From design point of view, data for defective components is shown
below.

1.2. Failure of tool steel as well as burr on edge of component

Figure 1.1 Failure of Punches as well as burr on edges of component

Inside this industrial requirement base and graphical as well as experimental failure
analysis it is observed that, material selection is more important for tool steels with
appropriate grades also. In this project work select tool steels are D-2, D-3, OHNS and
EN-31material grade. The main purpose for the selection of above tool steel are
availability and cost of tool steel material as well as demand if industry. During the
punching and piercing operation failure of tool steel as well as burr on edge seen on
component to which rejection of part take place.

1.3. Justification for Problem Selection

During manufacturing and forming process defects are burr, wrinkles, spring back, punch
failure, taper cutting and cracking etc. seen on the components. All the defects are study
under product and process failure mode effect analysis (FMEA) and check their severity,
occurrences and detections calculate rework priority number (RPN) for each and every
defect. From this defects punch failure and Fracture on edges of component is a major
problem with maximum RPN number, on the nose of punch cracks are visible. Now the
present work has to focus on above define defects are to be visible on inner lower control
arm component.



Table 1.1 List of operations with defects and actions

Stages of Remarks /Action
Operations Type of Defect Type of Issue required
Shearing Burr on edges No Effect Grinding
Blanking Burr on edges No Effect Rework / Grinding
Drawing Wrinkles Quality Rework for quality
Spring back Die design Rework on die
Forming g decion
racture on Production Loss Part rejected
Edges
Quality
Pocket on left side | Burr on edges Grinding
Rework
. Quality Issue
Pocket '(()in Right Burr on edges Grinding
side Rework
First Notchin Taper Cuttin Loss of Part rejected
& p & production L
Second Notching Taper Cutting Loss o.f Part rejected
production
hing of " . Maintenance
Punc I1{11g1 of Four F a; ureho Teqie Change Punch
oles unc Repairing
Skill of ¢
Operator Operator . Typeo
Awareness é‘;ﬁﬁfn Machine
Part
Manual Chemical Reject
Operation Composition Material
Automatic Grade
Operation

Figure 1.2 Causes and Effect Diagram
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Figure 1.3 Graphical representations of Range and Type of defect

Graphical representation shows that, the failure range of each defect with respected to type
of defect in Shearing, Blanking, Drawing, Forming, Punching and Notching process of
operation. To identify different defects of components select 2000 samples. The maximum
failure rate of punch failure is very high on the basis of maintenance time and cost of
component. From this chart we focus on Burr on edges of components as well as failure of
punch. For this identification and selection of problem referred product FMEA and Process
FMEA with reference to Rework priority number also.

2. EXPERIMENTAL METHOD & MATERIAL SELECTION

Figure 2.1 Unfinished test samples before experimental work

In sheet metal production different operation are carried out to manufacture product are
blanking, forming, bending, notching, piercing, punching as per requirements of
components and their materials, from which they are manufactured. In punching operation
elasticity, fatigue and stress-strain are never found to maintain burr free operations of
without punch failure will never avoid. In above operations major problems are seen on
punch failure and it is observed that it will create other issues on industrial components.
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Step 1: Industrial survey for preparation of objective function and selection of tool
steels.

Generally many number of tool steels are used in sheet metal processing industry as per
their need, from the available material with best suitable heat treatment process selection
of tool steel again very important. To maintain object function of project work it is
important to perform overall analysis.

Step 2: Specimen preparation with turning operations

Figure No.2.2 Specimen preparation with turning operations

In experimental work always require sample with their specimen preparation. For this
testing purpose select four sample materials as per the requirement of industrial expert,
availability of sample material and cost of material. Prepare a two sample for each material
for two heat treatment process like annealing, hardening and tempering. For the sample
preparation material cutting is the initial step which is carried out using Hydraulic or
Power Hack saw machine. Sample sizes are 16 mm diameters with 250mm to 100mm
length are prepared using required lathe operations on turret lathe.

Step 3 : Testing of tool steel materials before heat treatment for EN-31, D-3, D-2 AND
OHNS

To check the performance of tool steel it is important to check their chemical composition.
In chemical composition it easily checks the alloy elements and their impact on
performance of tool steels just like shearing. If we consider the physical properties and
mechanical properties of tool steel like stiffness, corrosion resistance, strength, ductility,
plasticity, elasticity then it is important to check their alloying elements. Each and every
alloying elements like chromium, molybdenum, tungsten, vanadium having a specific role
to determine above properties. Test for each sample is done 2-4 times from smooth surface
of sample on different point. So this overall procedure is performed for OHNS, D-3, D-2
and EN-31tool steel samples.

3. RESULTS AND DISCUSSION

Table 3.1 Tool steel material Chemical Composition

Material EN- 31 D-3 D-2 OHNS
Si% 0.29 043 0.58 0.58




Material | EN-31 | D-3 D-2 OHNS
C% 0.92 2.34 1.58 1.28
Mn% 0.34 0.28 0.3 1
Ni% - - - 0.17
W% - 0.02 -- 1.5
Mo % -- - 1.04 --
V% - 0.10 1.02 --
S% 0.007 0.005 | 0.005 0.02
P% 0.02 0.026 | 0.02 0.027
Cr% 1.42 12.2 11.01 0.44
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Figure 3.1 Tool steel material Chemical Composition

From the above graphical study it is observed that for D-3 and D-2 materials chromium
content is maximum for these two materials. Chromium is a steely-grey, lustrous, hard,
and brittle transition metal. Chromium is the main additive D-3 and D-2 materials, to
which it adds anti-corrosive properties. If higher is the Melting point (1907 °C) of
chromium will increase the melting point of D-3 and D-2 tool steels.

Table 3.1 Physical Properties of Sample Materials

. Dia. | Area Gauge Final GL Yield | Ultimate | Yield UTS
Materials (mm)| (mm?) Length (mm) load Load | Stress (MPa) % E
(mm) (KN) (KN) | (MPa)
OHNS [15.25[182.65| 80 96.1 85.9 157.98 |441.85|816.6 | 20.1




. Dia. | Area Gauge Final GL Yield | Ultimate | Yield UTSs |,
Materials (mm)| (mm?) Length (mm) load Load | Stress (MPa) % E
(mm) (KN) (KN) | (MPa)

EN-31 |[15.1]179.08| 82 100.1 111.02 1589 1491.23|703.1]22.1

D-2  |15.05/177.89| 85.1 95.05 87.12 153.05 [413.77 |724.1 | 11.7

D-3  |15.12{179.55| 84.9 86.65 97.2 204.56 |451.11 9494 |2.06
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Figure 3.2 Graphical representation of Physical properties of Tool steels

Samples are to be selected for present work should be maintaining all the basic parameters
to which entire experimentation done with same sequence of order. To check amount of
plastic or elastic deformation of material will measured percentage of elongation. From the
above measurement technique quantifies the ductility of materials. Also comparison
between final length and original length determine ductility of material and percentage of
elongation. From the above graphical study it is observed that percentage of elongation for
D-3 and D-2 is more compared to EN-31 and OHNS.

3.1 Hardness and Heat treatment Process

Hardness is not a fundamental physical property of material it’s a characteristic of a
material. It is determined by measuring the permanent depth of the indentation and is
defined as the resistance to indentation. By using 12 different test methods and area of
indentation, indentation hardness value will be obtained easily. To check the hardness of
four sample materials D-2,D-3 OHNS and EN-31used Vickers hardness tester, Brinell
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hardness tester and Rockwell hardness tester. From this testing methods calculate
Rockwell hardness, Brinell Hardness and Vickers Hardness etc.

Testing of hardness for two general characterization
I. Material Characteristic

Material Checking test

Hardenability test

Processes confirmation test

Testing of tensile strength

I1. Functionality
= Test to check function as per designed
=  Wear resistance test
= Toughness of material

"  Resistance to impact

Table 3.2 Heat Treatment of Tool steel

Test
Material OHNS EN-31 D-2 D-3
Heat Hardening Hardening Hardening Hardening
¢ Annealing & Annealing & Annealing & Annealing &
Treatment . . . .
Tempering Tempering Tempering Tempering
Rockwell
C- HRC 25 65 20 55 20 75 30 60
Rockwell
B- HRB 105 125 105 125 102 65 110 50
Brinell
Hardness 195 470 230 470 195 590 285 560
(HB)
Vickers
(HV) 190 495 225 495 190 225 270 680

After Annealing Heat treatment :- From the above table and graphical representation it
is observed that, Brinell hardness in annealing heat treatment process for OHNS, EN-31,
D-2 and D-3 tool steel is 198HB, 230HB,195HB and 285HB. It means that, if we consider
only Annealing Heat treatment process than it is observed that D-3 material is having
higher hardness than OHNS, EN-31 and D-2 tool steel. Generally many times it is
observed that, Hardness of tool steel material after hardening and tempering always
increased or decreased. Parallel study again represents that, in Vickers hardness test D-3
tool steel having maximum (270HV) as compared to EN-31, OHNS and D-2 materials.

After Hardening and Tempering Heat treatment: - From the above table and graphical
representation it is observed that, after hardening and tempering Brinell hardness of tool
steels like OHNS and EN-31 is 470 HB and 470HB less than D-2 and D-3 tool steel. If we
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check Vickers hardness then it is observed that, Vickers hardness for OHNS is 495 HV,
EN-31is495 HV, D-2 is 225 HV and D-3 is 680 HV etc.

800
700 }(
600 —o—Rockwell
-§ 400 - == Rockwell
E‘ 300 B- HRB
200 —/ Y == Brinell
100 - Hardness (HB)
0 % =>e=Vickers (HV)

S A DRy ¥Ry
E of £ 22 £ 22 £ @2F
8 £5 & £5 & £85 8 £5
= = = =
= £ £ 85 E ZE E 8¢
< =R < = ol < ) =)
= S S = S
s n s n
OHNS EN-31 D-2 D-3

Heat Treatment

Figure.3.3 Graphical representation of Hardness and Heat Treatment Process

Comparison of Annealing and Hardening & Tempering After annealing heat treatment
it is observed that, components will increase their hardness. In microstructure shows lack
of grain boundaries and grain formation is not uniform. To improve this causes and effect
of annealing heat treatment need to used hardening and tempering heat treatment process
for good corrosion resistance, tensile strength and hardness of tool steel.

Figure 3.4 Trail on Pneumatic press machine

In industry all sheet metal processes are carried out on pneumatic press with different
capacity of press are 250,400,600 tons to perform different operation like bending,
drawing, blanking, piercing, Trimming, Notching etc.
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4. CONCLUSION

This experimental study is very useful to avoid defects in industrial sheet metal
components as well as improved energy efficiency of industries. In this paper used four
samples are D-2, D-3, OHNS and EN-31 to performed energy efficient heat treatment
process like Annealing, Hardening and tempering to calculate Rockwell hardness, Brinell
Hardness and Vickers hardness etc. From the entire experimental study it is concluded
that, D-3 tool steel give higher Vickers hardness (HV) 680 as compared to D-2, OHNS and
EN-31. After experimental procedure, actual trial conducted on industrial pneumatic press
machine to check the overall defects on industrial components and it is observed that
defects are minimized up to 22% and it is calculated with total number of components
rejected and accepted out of 2000 components. In this experimental study mostly focus on
effect of heat treatment process like annealing and hardening & tempering for tool steels
like OHNS, D-3, D-2 and EN-31.
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Abstract.

Homes being smart is referred to gadgets that provide binary connections, automation or intensified
assistance to occupants of buildings. Recently technology is being so forwarded that smart home
management has become a burning topic everywhere with different policies of energy efficiency
management, sustainability of the building and even climate change. The smart home is playing a
central role in building a smart city. Is the planning of a smart home actually encouraging goals of
sustainability? What are the risks, benefits and agendas to follow up for the smart city development?
A study of recent research paper on smart city development and smart home management revealed
implement of smart material manufacturing technology into a smart building, finally developing a
smart city. It is found that a high-speed internet connection plays a crucial role in managing a smart
city system, smart homes being its smallest management unit. Some technologies have been adopted
from the European Culture of smart home cities. Moreover, things can be made smarter by pairing

smart home voice assistant to our broadband provider (Wi-Fi) e.g., Amazon Alexa, Google Echo.

Keywords. Binary, automation, sustainability, smart city, internet.

1. INTRODUCTION

Digitalization is the key to unlocking solutions and opportunities to everything. According to
projections, “nearly 65-70% of the world’s population will live in urban areas by 2050, while many
megacities are struggling to handle the alarming increase of inflow of people” [1]. It is essential to
idealize metropolises and megacities and primarily “to create smart cities in order to make urban
areas more livable and truly sustainable [2]. An eco-city or sustainable city, the smart cities aim to
improve the quality of urban services or reduce its costs”. Cities can also be made more sustainable by

turning their homes into batteries [3].



1.1  Smart manufacturing
Intelligent manufacturing refers to the process of monitoring the production process by machinery
connected to the internet. Smart manufacturing of each building block and other units for different

kinds of utilities contributes to the conception of a Smart city [4].

1.2 Smart building materials
Each building materials type such as bricks, cement, sand and their types, is to be

manufactured using internet-connected machines [5].

1.3 Smart Construction
The use of machines from small scale to large scale controlled via the internet should be
encouraged for construction purposes. This would reduce the need for a large number of labours at

the construction sites, as well as accelerate the building process [6].

1.4  Smart Home
The use of smart devices such as Alexa and Google Home in private homes would improve the
way of living using smart voice assistants. When these devices are connected throughout the

building and all its appliances are running, a lot of electricity and energy can be consumed [7].

1.5 Smart building
Smart voice assistants and sensor assistant devices should be applied to public buildings as well as

corporate buildings to save energy and resources [8].

1.6 Smart Security

The security system plays a crucial role in preserving the health of society, as well as preserving
the resources including wealth, power and energy. It is necessary to maintain security from the
home level to the level of defence. CCTV (Closed Circuit Television) systems, smart door locks,
and mini vaults should be installed in each home. Using a smart GPS (Global Positioning System)
along with a higher bandwidth of internet connection, local security should be able to view my
movements and act within seconds. Defence should have smart weapons and defence systems

suitable to their needs [9].



1.7 Smart Transport

Vehicles should be powered by low emission fuels (LEF) or, better yet, zero-emission fuels (ZEF) to
reduce pollution in the area. Every vehicle, private as well as public, should have a GPS tracking system
to ensure passenger safety and health, as well as provide records and safety measurements in case of an
accident. Internet and technology can be used to control traffic systems from a master computer in a
control room, therefore reducing the need for human traffic control [9]. The control room can even be
used to monitor illegal activities. Human traffic patrols should be encouraged nonetheless. Construction
of adequate roads, railways, and bridges should be a priority, ensuring their proper use when and where
necessary. A better, faster, and more secure way of transportation should be developed for air travel and

its stations [10].

1.8 Smart Energy:

The production of energy plays an important role in reducing pollution. Using more green energy, such
as wind, water, or solar, can reduce pollution to a minimum. Thus, using any kind of fossil fuel energy

should be discouraged [11].

1.9 Smart Waste Management

Using modern equipment, nothing should go to waste. Any kind of waste can be utilized as required.
Mostly biodegradable wastes, that are organic, are usually left out for decomposition in nature. But with
proper care, they should be recycled and reused. Artificial polymer fibres like plastic should not be

dumped in nature, rather they can be recycled into other forms to be reused as required [12].

1.10 Smart Resources:

The economy and resources should be preserved securely for enhancing the livelihood of each and
everyone living in the city. Installation and maintenance of smart devices and machinery cost a huge
number of resources. Availability of daily requirements including foods and hardware equipment should
be sustained within the city. A government should be formed by the people themselves for the proper
running of the city and its developments. Schools/colleges have to be set up to provide proper education
and preach a better way of living to the upcoming generations. Children should have abundant time and
place to play and to be nourished in the greens. Hospitals and other health care organizations should be
set up with proper technologies and equipment to keep the city safe from diseases [13]. The government
should look after newer and better ways for sustaining the way of living, forming a proper set of

regulations and rules.



1.11  Smart Atmosphere

A vision of a proper pollution-free environment is to be obtained within the city. This enhances the
wellness of living beings. Any kind of emissions from factories, wastes should be controlled using the
required techniques which would keep the pollution of the environment in check. Water bodies and
biosphere should be well reserved to secure the sustaining conditions for every bio-organisms. Bio labs

are to be set up within the city to preserve the atmosphere [14].

1.12 Smart City:

All the small elements from their manufacture to utilization should be performed using green energy
ensuring proper use of technologies and safety protocols. When all these are present in a particular area

or city then that city can be called a smart city [3].

1.13  Turning Home into Battery:

A rechargeable cement battery has been becoming a realistic possibility changing the way to store energy
by turning the walls of your house into a giant battery. “Researchers at the Chalmers University of
Technology in Sweden developed cement batteries that can store around 10 times more energy than
previously developed structures, even though at the moment they are still hundreds of times less energy-
dense than a lithium-ion battery. It can help transmit and distribute electricity and store energy from
renewable sources like solar and wind power. Batteries can help compensate for times when the sun is not
shining or the wind is not blowing”. Here the technology works as, the concrete layer is sandwiched
between iron-coated carbon fibre mesh (anode layer) and nickel-coated carbon-fibre mesh (cathode layer)

attached with a solar panel, which will store energy and can be used when needed [16].



2. IMPACT ON SOCIETY AND FUTURE DEVELOPMENTS

With the increase in population, pollution and crime the requirement for smart city civilization has been
increasing each day. A smart city ensures the proper way of living keeping pollution, crime and biosphere
in check such that people and other living beings find it sustainable and economic. In recent
developments, the concept of electric vehicles has been an uprising and been produced in ample
quantities showing very less pollution along with green energy. However, the installation cost is heavy
for most people and availability and production of smart equipment in abundant quantity is not yet
possible, which makes up another reason for every city not developing to be a smart city. Whereas there
has been a huge scope of its development in future when the products would be manufactured and be
available enough and the people should have proper idea about its benefits to encourage building up more

and more smart cities in future [15].

3. RECENT IMPLEMENTS

The United Nations has predicted that “70% of the world’s population will be living in cities and urban
areas by 2050, lesser emissions and green energy usage will continue to rise with every passing year. The
need for smarter urban transport networks, environmentally-friendly water disposal facilities and
buildings with high energy efficiency are critical than ever. The annual report, conducted by the Institute
for Management Development with Singapore University for Technology and Design (SUTD), ranks
cities based on economic and technological data, along with their citizens’ perceptions of how smart their
cities are”. “Singapore, Helsinki and Zurich have topped the list as the world’s smartest cities in the 2020
Smart City Index”. As more countries and cities continue to take up the smart city movement, smarter

ways of living could be adopted with each passing year [1].



4. DRAWBACKS

However smart a city may be, utilizing all forms of renewable sources and waste products to develop
a healthy and smart lifestyle, but setting up a smart city costs a huge amount in the first place. The
equipment is not at all affordable for everyone. Even the maintenance cost is huge. Security management
is a huge sector in smart city management. Setting up smart security in industries and every household is
a challenge for the government of every country. Thus, worldwide acceptance of smart cities is

practically impossible.
5. CONCLUSION

A smart home is highly beneficial to their users. Communicating, exchanging data and triggering
action is much easier now with the use of smart home devices. Processes can be automated and schedules
can be created engaging multiple devices. In terms of smart city, the innovative security system, transport
and green energy play a hugely beneficial role in the everyday life of the people living in a smart
environment. Regardless of all the benefits, the investment and maintenance costs have been the hardest
hurdle to cross. Proper preaching about the benefits and putting an impact of the idea of a smart city in

public may help a way out to have more smart cities in future days.

6. REFERENCES

[1] Developing Smart Cities: An Integrated Framework, 2016: Sujata Joshi, Saksham Saxena,
Tanvi Godbole, Shreya

[2] United Nations. World Urbanization Prospects. United Nations, Department of Economic and
Social Affairs, Population Division: the 2011 Revision: Highlights. 2012.

[3] Cisco Report, Smart Cities and Internet of Everything-The Foundation for Delivering Next-
Generation Citizen Services, sponsored by Cisco.2013 Available from
https://www.cisco.com/web/strategy/docs/scc/ioe_citizen _sves_white_paper_idc 2013.pdf.

[4] B. Johnson, Cities systems of innovation and economic development
Innovation: Management, Policy & Practice, 10 (2-3) (2008), pp. 146-155
[5] Borja, J. Counterpoint: Intelligent cities and innovative cities. Universitdt Oberta de

Catalunya (UOC). Papers: E-Journal on the Knowledge Society, 5/2007.

[6] Washburn, D., Sindhu, U., Balaouras, S., Dines, R.A., Hayes, N.M., & Nelson, L.E. Helping
CIOs Understand “Smart City” Initiatives: Defining the Smart City, Its Drivers, and the Role
of the CIO. Cambridge, MA: Forrester Research, Inc. 2010;
Available from:

http://public.dhe.ibm.com/partnerworld/pub/smb/smarterplanet/forr help cios und smart
city_initiatives.pdf




[7] Pike Research on Smart Cities [dedicates entire section to World sensing]. [Online]. 2011;
Available: http://www.pikeresearch.com/research/smart-cities.

[8] R. K. Brail (Editor). Planning Support Systems for Cities and Regions. Lincoln Institute of
Land Policy, Cambridge, MA, 2008.

[9] IFF. 2020 Forecast: The Future of Cities, Information, and Inclusion: A Planet of Civic
Laboratories. Technology Horizons Program, Palo Alto, CA 94301 Available at
http://www.iftf.org/, 2011.

[10] 2018 Revision of World Urbanization Prospects_https://population.un.org/wup/.

[11] Disadvantages of smart cities (October 2020)_https://smebook.cu/knowledge-base/smart-
cities/disadvantages-of-smart-cities/ .

[12] Disease Control Priorities in Developing Countries. 2nd edition.
https://www.ncbi.nlm.nih.gov/books/NBK 11769/

[13] Smart bin: Smart waste management system
https://ieeexplore.ieee.org/abstract/document/7106974.

[14] Smart transport: A comparative analysis using the most used indicators in the literature

juxtaposed with interventions in English metropolitan areas.
https://www.sciencedirect.com/science/article/pii/S2590198221000786 .

[15] Challenges, Opportunities and Future Directions of Smart Manufacturing: A State of Art Review
https://www.sciencedirect.com/science/article/pii/S2666188820300162 .

[16] Turning home into rechargeable cement batteries._https://www.livemint.com/science/news/now-
your-house-can-become-rechargeable-cement-battery-here-s-how-11629442745431.html .

Biographies

PRATIK NAG received the bachelor’s degree in Civil Engineering from Kalinga
Institute of Industrial Technology (KIIT), Bhubaneswar and is pursuing Master of
technology degree on the field of Structural Engineering from University of
Engineering and Management (UEM), Jaipur.

SHARWAR AHMED CHOWDHURY received the bachelor’s degree in Civil
Engineering from Narula Institute of Technology (NIT), Kolkata and is pursuing
Master of technology degree on the field of Structural Engineering from
University of Engineering and Management (UEM), Jaipur.

SUBHRO CHAKRABORTY received the bachelor's degree in civil engineering
from Visvesvaraya Technological University in 2011, the master's degree in
| structural engineering from Narula Institute of Technology in 2014 and pursuing
PhD in structural engineering from the National Institute of Technology, Patna.
He is working as Professor at the University of Engineering & Management,
Jaipur. His research areas include building materials, structural design and
construction technology. He has been contributing a lot to the research libraries.






A detailed study of Automation Techniques at Home that
contribute to Energy Efficiency

Sougata Banerjee!, Subhro Chakraborty?

!Research Associate, Department of Civil Engineering, University of Engineering and Management,
Jaipur

2Assistant Professor, Department of Civil Engineering, University of Engineering and Management,
Jaipur

Abstract.

Witnessed with the increase in energy consumption and population, there is great concern to conserve
energy in every possible way. Lack of access to and management of electrical equipment from remote
areas is one of the main causes of power loss. Therefore, the concept of smart house is gaining
attention a few years ago. The current ‘system’ is also ready to solve one or two of those problems.
However, a smart home automation ‘system’ is not only secure, but, nevertheless, even the most
intelligent understanding process and analytical talents have. This method will create the use of ‘Wi-
Fi’, ‘GSM’, ‘Bluetooth’, ‘ZigBee’ completely different governing devices are available in existing
‘system’s. The Internet or associate degree application automaton is used by users to provide
directions to those ‘system’. These applications are already available in a few places for a large
variety of applications. Also, an automatic home reduces excess energy loss and helps save energy.
This paper presents a survey of all these ‘system’s associated with energy efficiency.

Keywords. Energy saving, Electrical and Electronics, Devices, Home Automation and System

1. INTRODUCTION

The electrical along with its applied entities in relation to the given concept in any area that includes
electrical equipment such as air conditioner, fan, T.V, motor, heater, lighting ‘system’s, etc. and is
controlled using software as a virtual connector, which integrates the Android ‘system’ and the web
‘system’. Such remote access ‘system’s already exist in the market, but they also have many
drawbacks. This paper aims to research all such existing programs and compare the available
features.

2. STRATEGIES
2.1.  Home automation through GSM

This type of ‘system’ provides three home management methods: Internet, GSM network and voice
[1]. Real-time monitoring is a smart utility application ‘system’ that can be used in changing home
‘system’s. In the event of a change in device status, the user may be notified in real time. User
instructions are transmitted to a server usually generated by the PC [2]. The server runs operations on
user commands and pushes them to the appropriate units. It helps control and operate electrical items.



This method establishes a connection in areas where lack of proper internet connection is there. The
server processes ‘AT commands’ to connect to the ‘GSM modem’ [3]. The server has four active
engines - a web server, a website, a central control ‘system’ and a speech recognition ‘system’. SMS
technology is equipped to control the commands in this ‘system’, like verification messages. Speech
processing works on a flexible folding algorithm [4]. Testing this ‘system’ with voice processing, it
was found to be less effective. Alternatively, voice input can be activated with the wireless unit
present. Every node of the application has four components - transmitter, receiver, Input / Output
device and ‘microcontroller’ [5]. The main server controls ‘system’ that captures data like status
information on the device in real time.

The next advancement was the introduction of GPRS or General Packet Radio Service [6]. This
application prefers to run on SMS and ‘Attention commands’. There is a PC which acts as a
command center. GSM dialing and communication ‘system’ are embedded in PC. The PC receives
the messages and executes the required commands. For any application, this ‘system’ can be tailored.
Any mechanical devices can be operated via the sensors that transform electrical signals into
‘mechanical signals’ from this ‘system’ [7]. But it can’t be used as a ‘real-time control ‘system’’ as it
does not give feedback.

The head (main) server is built on an “SMS / GPRS mobile module” with a small controller, like
“Java-enabled” phone. This paper also introduces the design and implementation of an “AT modem”
driver [8]. It is a text-based command processing software which operates through a
‘microcontroller’. Mobile phones provide an easy-to-use interface which work by sending commands
and receiving feedback from the ‘system’. Password-based verification ‘system’ must be used to
ensure security. But this ‘system’ is not so reliable as SMS charges are high, slow and prone to
attackers.
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2.2. Home automation with ‘Bluetooth technology’

The ‘Bluetooth technology’ is secure along with low cost feature [9]. It uses Arduino and Bluetooth
module. An active python application is used on mobile phones to provide a user interface. Bluetooth
board Input / Output ports and slides used to communicate with devices with user instructions.
Password protection feature of ‘bluetooth’ makes it a safe technology. Hence, it ensures that “the
‘system’ is secure and not misused by any attacker”. Bluetooth has a short-range operation of 10 to
100 meters It has 2.4 GHz bandwidth and 3 Mbps data transmission speed [10]. It is fast and
efficient. It can detect problems in the ‘system’ and send feedback accordingly. The con about
‘Bluetooth’ is that it is time-taking to find active devices near it.
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Figure 2 - Bluetooth based home automation

2.3.  Phone based short range home automation

Permissive ‘system’ is a ‘system’ that exercises special abilities to provide a standard technical
brochure for ‘home automation’ [11]. It offers an automated home ‘system’ which facilitates utilities
such as a “controller”, ‘wide house wires’ and “a common interface”. This will allow you to use the
existing ‘system’ for home automation. Remote control based on hardware control panel is defined
[12]. The remote control functions the power provided to remote devices. The ‘system’ uses the
phone line to transfer instructions. The controller eliminates the costs used as of microcontrollers. It
uses a * DTMF’ transceiver connected to a “solid state relay”. This controls power supply. It can also
be used for testing of infra red signals and the company's AC power network technology. The home
automation ‘system’ uses ‘dual tone multi frequency’ or ‘DTMEF’ which exists in telephone lines
[13]. This ‘system’ has three divisions. First, the ‘DTMF receiver’ and ‘the ring detector’; after that is
the 10 interface unit; and the final component is a PC that performs online functions. The PC in this
‘system’ searches for the line ring and confirms the user.
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2.4.  Home automation with the help of ‘Zig-Bee’

‘ZigBee’ can be implemented to enable automation at home [14]. It is a wireless communication
technology. It uses a small PIC controller and voice-recognition for its functioning. Voice-
recognition technology compares the voice command in a block and processes further. Then the
command is transmitted to the receiver element by the PIC controller via ‘ZigBee’. The receiver also
has a PIC controller that can process the incoming commands. Relays are used to operate the
appropriate equipment. “ZigBee” is a “low-level communication system”, so “remote access” is
limited to remote locations. Also, “the voice module” may be uncontrollable. This ‘system’ is very
useful and has various applications like, if any smoke is detected in home, it alerts the user via the
‘built-in cell” phone number of the user.
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2.5. Home automation via Wi-fi

‘System’s that use wireless connections can be made by connecting independent electrical appliances
located in the home or office and integrated into a co-operative network. ‘Wi-Fi’ and ‘Bluetooth’ can
be used together for integrating a ‘system’. A transparency is entitled in the network with the global
power of “Plug and play” technology. The ‘system’ uses “Open Service Gateway Interface (OSGi)”
[15]. The machines are connected by many inter-connected network technologies. User application
layer uses web browsers, pocket PC can also be used to control electronic items. Linux environment
provides the processing medium for the functioning of this integrated ‘system’. A device can be
identified in the network by this ‘system’. It is best to work with “pattern-recognition”, sensors and
“intelligent control modules”. The program features “the ability to add intelligent control modules”.
The “control module” poses the capacity to extract information and perform ‘pattern recognition’.
The universal “plug and play system” uses various unique protocols to work together. The makeable
utilization of the “system” is its “interoperability” [16].
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2.6. Home automation using Mixed Type

Home automation cab ne done via any of ‘GSM’, ‘Bluetooth’, ‘ZigBee’, ‘Wi-fi’ or a combination of
these. Communication can be done through an app on Android platform. The app takes a user input,
may be in voice or any form of data and transmits text instructions. These instructions are sent via
SMS to a phone at home. This ‘system’ is known as a “remote control unit” [17]. This remote control
unit sends commands to the ‘ZigBee Transceiver’ which in return processes these commands via
‘ZigBee’ and transfers to the chief controller. “The main controller translates the commands and
performs the required function which also sends status feedback via ZigBee”. This ‘system’ is very
practical and readily usable. But, the whole ‘system’ installation and implementation incurs little
more cost than usual. This is because it uses technologies.

Many unusual home automation ‘system’s are available in combination with the GSM and “FPGA
(Field Programmable Gate Array) system” [18]. The “FPGA” provides flexibility to be customized
by the required application by the user. In comparison to a microcontroller, it stands cost efficient.
Hence, overall ‘system’ is deployed at a lower cost. “FPGA” is connected to the “GSM modem”. The
“GSM modem” interacts among the devices. “FPGA” decides functioning about the equipments.
“UART” implementation enables connection in-between “GSM modem” and “FPGA”. Real-time
programs use this automation widely.

3. CONCLUSION

On the whole, the paper tries to collate the programs available in the script so far. The ‘system’s
tested have some similar features. All of these programs use basic communication techniques. Now,
there exists some advantages and disadvantages of the “system” are found in this basic technology.
Each one of the above ‘system’ includes a control circuit which function the electrical equipment. A
standard command ‘system’ is used to execute instructions in the control circuits. “The user interface
determines how the user will interact with the system” and therefore, design the level of control
needed in the ‘system’ [19]. This is necessary as it affects the performance of the ‘system’. “Many
‘system’s also have security features to ensure authorized access only.”

GSM ‘system’ heavily depend on use of SMS messages to transmit user-issued commands to the
central home ‘system’. This ‘system’ provides the facility to function electrical items from anywhere
in the world. However, the costs incurred may be significant depending upon the location. On the
other side, there are certain drawbacks too. Delivery of a message is unreliable and uncertain. Real-
time ‘system’, thus, do not use GSM technology.

The ‘Bluetooth’ ‘system’ relies on a smart-phone or a PC acting as the receiver element. At home, the
Bluetooth function can provide complete control of household entities as long as the user is in the
specified range. It can serve as a ‘real-time’ program. There is security feature in Bluetooth
technology as well as transmission speed. But, it cannot provide control outside its range. Bluetooth
distance range is 10 meters which marks a drawback of this ‘system’.

“ZigBee” is another technology parallel to “Bluetooth”, which has identical pros and cons as of
‘Bluetooth based system’, but slightly better because it does not have a range factor.

‘Wi-Fi systems’ can use a number of communication technologies and devices. It can be
implemented in ‘real-time systems’. Spectrum availability is the only factor pulling it back;
otherwise, the signals are very wide and offer great options for remote access.

Many existing ‘system’ uses a combination of methods to compensate for their individual obstacles.
Such integrated implementation may give rise to sound ‘system’. The lone factor is that, it can affect
such programs is the cost of programs and the possibility of duplication.



The “User-Interface (UI)” is another feature where ‘system’ is very different. Previous ‘system’s
used with little or absolutely no user interface feature allowed the user to enter commands in the
controls. But now-a-days, in smart automated ‘system’s, they have an intuitive Ul and much attention
is paid to its design and fabrication. The most abundant choice for this ‘system’ is a smart phone.
Smart phones are often a useful tool for controlling changing ‘system’s at home. Another option for
using web applications is that it may work in browsers.

A quick walk-through of the various technologies for home automation is given below [18].

Primary Remote Count of Real
System Communication Access Devices Cost Speed Time
GSM SMS messages Anywhere Unlimited High Slow No
Bluetooth o
Bluetooth and Within Unlimited Low Fast Yes
10 metres
AT commands
Anywhere 12, due to 12
Phone . . .
Based Phone lines with a frequencies | Average Fast No
phone line of DTMF
. Zigbee and Around . .
Zigbee AT commands 10 metres Unlimited High Fast Yes
Depends on
Wireless Radio/infrared Range and Unlimited High Slow Yes
Or other waves Spectrum of
Wave used

Table 1: Microscopic Comparison Report of all ‘systems’




Summarizing all the tested programs and their advantages and disadvantages, this paper introduces
features that should have a good ‘home automation’ ‘system’ with ‘remote access’. Availability of
the most feasible and efficient program worldwide will be showcased in the upcoming time to the
user and in real time. One guarantee that access can always be made available through the internet.
This will create a general access point for household entities exercising the “Internet Protocol (IP)”.
The displayed information must be a “web application” with an inter-linked “mobile application”
that the user will interact. Only then w e can automate homes, ready to be able to trade. Homes can
be connected to various sensors like, ‘light sensors’, ‘smoke sensors’ and ‘temperature sensors’ and
provide automatic device-based switching. Additional power can be saved by marking the seal that
the home stays afloat before turning on the devices and regular inspection of the lights and turning
off the lights when not necessary. The further span would be to stretch the program to a larger scale,
such as warehouses, corporate offices, factories and other workplaces.

4. REFERENCES

[1] Baris Yuksekkaya, A. Alper Kayalar, M. Bilgehan Tosun, M. Kaan Ozcan, and Ali Ziya
Alkar “AGSM, Internet and Speech Controlled Wireless Interactive Home Automation
‘system’”, 2006, IEEE Transactions on Consumer Electronics, Vol. 52(3).

[2] Rozita Teymourzadeh,Salah Addin Ahmed,Kok Wai Chan and Mok Vee Hoong,“Smart
GSM Based Home Automation ‘system’”, 2013, IEEE Conference on ‘system’s, Process &
Control, Kuala Lumpur, Malaysia.

[3] A. Alheraish, “Design and Implementation of Home Automation ‘system’”, 2004, IEEE
Transactions on Consumer Electronics ,Vol. 50(4).

[4] M.Van Der Werff, X. Gui and W.L. Xu, “A Mobile based Home Automation ‘system’,
Applications and ‘system’s”, 2005, 2nd International Conference on Mobile Technology,
Guangzhou.

[5] Mahesh.N.Jivani, “GSM Based Home Automation ‘system’ Using App-Inventor for
Android Mobile Phone”, 2014, International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering, Vol. 3(9).

[6] Faisal Baig, Saira Baig, Muhammad Fahad Khan, “Controlling Home Appliance Remotely
through Voice Command”, 2012, International Journal of Computer Applications , Vol.
48(17).

[7] S.R.Bharanialankar, C.S.Manikanda Babu, “Intelligent HomeApliance Status Intimation
Control and ‘system’ Using GSM”, 2014, International Journal of Advanced Research in
Computer Science and Software Engineering, Vol. 4(4).

[8] Rozita Teymourzadef, Salah Addin Ahmed, Kok Wai Chan, Mok Vee Hoong, “Smart GSM
Based Home Automation ‘system’”, 2013, IEEE Conference on ‘system’s, Process &
Control, Kuala Lumpur, Malaysia.

[9] R.Piyare,M.Tazil, “ Bluetooth Based Home Automation ‘system’ Using Cell Phone”, 2011
JEEE 15th International Symposium on Consumer Electronics, Singapore.

[10] Home Automation ‘system’ via Bluetooth Home Network™, 2003, SICE Annual Conference,
Fukui,

Vol. 3



[15]

[16]

[17]

[18]

[19]

H. Brooke Stauffer “Smart Enabling ‘system’ for Home automation”, 1991, IEEE
Transactions onConsumer  Electronics, Vol. 37(2).

Eddie M C Wong, “A Phone Based Remote Controller for Home and Office Automation”,
1994, IEEE Transactions on Consumer Electronics, Vol. 40(1).

Baki Koyuncu, “PC Remote Control of Appliances by Using Telephone Lines”, 1995, IEEE
Transactions on Consumer Electronics, Vol. 41(1).

V.Sathya Narayanan, S.Gayathri, “Design of Wireless Home Automation and security
‘system’ using PIC Microcontroller”, 2013, International Journal of Computer Applications
in Engineering Sciences, Vol. 3 ( Special Issue).

Baris Yuksekkaya, A. Alper Kayalar, M. Bilgehan Tosun, M. Kaan Ozcan and Ali Ziya
Alkar, “A GSM, Internet and Speech Controlled Wireless Interactive Home Automation
‘system’”, 2006, IEEE Transactions on Consumer Electronics, Vol. 52(3).

Bader M.O.Al-thobaiti, Iman .M. Abosolaiman, Mahdi H. M. Alzaharani, Sami H. .
Almalki, Mohamed S. Soliman, “Design and Implementation of a Reliable Wireless Real-
Time Home Automation ‘system’ Based on Arduino Uno Single-Board Microcontroller”,
2014, International Journal of Control, Automation and ‘system’s, Vol. 3(3).

Faisal Baig, Saira Beg and Muhammad Fahad Khan, “ZigBee Based Home Appliances
Controlling Through Spoken Commands Using Handheld Devices”, 2013, International
Journal of Smart Home, Vol. 7(1).

Armando Roy Delgado, Rich Picking, Vic Grout, “Remote-Controlled Home Automation
‘system’s with Different Network Technologies”, Centre for Applied Internet Research,
University of Wales, UK.

Arnab Waheed Ahmad, Naecem Jan, Asaeed Igbal, Chankil Lee, Ansan Korea,
“Implementation of ZigBee- GSM based Home Security Monitoring and Remote Control
‘system’”, 2011, IEEE Symposium on Circuits and ‘system’s (MWSCAS), Seoul.

Biographies

Sougata Banerjee received the Bachelor's degree in civil engineering from University of
Engineering & Management, Jaipur in 2021 and perusing the master's degree in structural
engineering from the same institute His research areas include building materials, building
information modeling and smart construction methods.



Subhro Chakraborty received the Bachelor's degree in civil engineering from Visvesvaraya
Technological University in 2011, the master's degree in structural engineering from Narula Institute
of Technology in 2014 and pursuing PhD in structural engineering from National Institute of
Technology, Patna. He is working as Professor at University of Engineering & Management, Jaipur.
His research areas include building materials, structural design and construction technology. He has
been contributing a lot to the research libraries.



Use of Autoclaved Aerated Concrete Blocks as Energy
Efficient Building Construction Materials
Himanshu Yadav! and V. Khan?

'Research Scholar, Department of Civil Engineering, University of Engineering and
Management, Jiapur-303807, Rajasthan, India. Email himanshuyadav19901@gmail.com

2Associate Professor, Department of Civil Engineering, University of Engineering and
Management, Jiapur-303807, Rajasthan, India. Email: visahwajeet.hit@gmail.com

Abstract.

In the history of building construction, brick is one of the oldest of all materials used. Bricks
are very widely used building material due to very low manufacturing cost and simple
manufacturing procedure. Generally, bricks are used in partition wall and main wall of
building. Brick masonry takes time in construction of wall and other components of
building. So, a new masonry technique for building construction is required [1,5].
Autoclaved Aerated Concrete (ACC) block is a light weight concrete block and its weight
is 1/5 of than that of concrete block to reduce dead load of wall and other components. AAC
block have more air bags due to which weight of AAC block is very less as compared to
ordinary concrete block [12]. The manufacturing of ACC blocks requires cement, sand, fly
ash, gypsum, lime, aluminium powder and expansion agent. AAC blocks are very excellent
material for construction site due to its energy efficient and it is ecologically friendly
concrete. This paper presents the properties of ACC blocks and its advantages compared to
other construction materials.

Keywords. Autoclaved Aerated Concrete, Energy Efficient, Aluminium, Fly ash, Cellular
concrete, Lightweight concrete.

1. INTRODUCTION

Autoclaved aerated concrete (AAC) is a technology in masonry construction where special
type of concrete is used for manufacturing of blocks. These blocks have special
characteristics, so these blocks have good demand in construction industry. These blocks are
porous and light in weight to decrease dead load of structure. AAC blocks have thermal
resistance and sound resistance. Due to its low density, unique thermal and breathing
properties, and high fire resistance, AAC is one of the most commonly used light-weight
construction materials for contemporary buildings [2]. ACC structures also have earthquake
resistant in nature. If AAC blocks are used in building construction then cost is
comparatively less as compared to other traditional buildings and also time of construction
of building is less compared to traditional building. ACC completely replaces the other
construction materials like brick, stone, wood because of good fire resistance, sound
resistance, less in cost, less time consumption in construction of structures as compared to
other building material. In addition, AAC blocks are very excellent material for construction
site due to its energy efficient and environmentally friendly concrete [5,6].



Figure 1.1 Autoclaved aerated concrete block [14]

2. RAW MATERIALS OF ACC BLOCKS

Cement: Cement is a binding material which is use in construction of building and other
structure. In Autoclaved Aerated Concrete we use OPC 53 grade of cement and density of
cement is 1440kg/m>.

Fly Ash: Fly ash is a by-product of the construction industry that is used to save money. Fly
ash density varies between 400 and 1800 kg/m? [6,7]. It provides sound absorption, heat
insulation, and fire resistance. Class C fly ash was employed, which includes 20% lime
(Ca0) and has a loss of ignition of less than 6%.

Sand: Sand is a crushed material of rock which is use in concrete as fine aggregate. We use
fine sand as per codal provision 1S383:1970.

Lime Stone: Limestone is made up of calcite aragonite. Limestone is obtained by crushing
it to a fine powder at an AAC factory or by acquiring it in powder form straight from a
merchant.

Aluminium Powder: Aluminium Powder mix in concrete and this powder works as an
expansion agent. When the raw material reacts with aluminium powder, air bubbles are
formed as a result of the reaction of calcium hydroxide, aluminium, and water, and hydrogen
gas is generated. [9].

2A143Ca (OH)2 +6H20 » 3Ca0.A1203.6H20 +3H2 eq. (1)

Gypsum: Gypsum is a common building material that comes in powder form.

3. PHYSICAL PROPERTIES OF AUTOCLAVED AERATED CONCRETE

The density of autoclaved aerated concrete affects several of its physical qualities. The
density of autoclaved aerated concrete classify in European Norms are show in table below:



Table 1. Density Classes of Autoclaved Aerated Concrete

S1. No. Density class Dry density (kg/m3)
1 300 250 - 350

2 400 350 - 400

3 500 450 - 500

4 600 550 - 600

5 700 650 - 700

6 800 750 - 800

7 900 850 - 900

8 1000 950 - 1000

AAC have wide range of density and no other industrial product that covers such a range in
apparent density. In AAC we use 350 kg/m3 or more Density use for load bearing purpose
and less than 350 kg/m3 density use for thermal insulation purposes [12]. Density is related
to water/cement material ratio of the mixture since it is related to the amount of aeration
obtained. For a given density, water/cement ratio increases with proportion of sand.

2500
2000
1500
1000
- .
0
ACC BLOCK HOLLOW BLOCK CEMENT CLAY BRICKS CONCRETE
CONCRETE
BLOCK
Figure 3.1. Density comparison Autoclaved aerated concrete block
3.1. Size of Autoclaved Aerated Concrete

Generally used autoclaved aerated concrete size is 600mm X 200mm X (75mm to 300mm).
Autoclaved aerated concrete block height is varying according to requirement of
construction. Size of autoclaved aerated concrete is more than clay brick (230mm X 115mm
X 75mm) so they are placed easily at location and cover more area as compared to clay
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brick. when we construct two walls of same size by autoclaved aerated concrete blocks and
clay brick than we find that time consumption in both walls is different and difference is
surprisingly affecting our work tradition because autoclaved aerated concrete blocks wall
takes just half time of clay brick wall [10]. Working with autoclaved aerated concrete blocks
is very simple and easy to understand.

3.2 Compressive Strength of Autoclaved Aerated Concrete

Compressive strength of autoclaved aerated concrete is more than general clay brick.
Generally, we use clay bricks in building construction and these bricks compressive strength
(2.3 N/m2 to 3.5 N/m?) is less than AAC blocks compressive strength (3 N/m? to 4.5 N/m?).

3.3. Normal Dry Density of Autoclaved Aerated Concrete

Normal dry density of autoclaved aerated concrete is much less than general clay brick. Dry
density of any material is directly affecting the water absorption capacity of material [10].
Autoclaved aerated concrete blocks required less curing as compare to clay brick.

Table 2. Dry Density of Autoclaved Aerated Concrete

Property Autoclaved Aerated Concrete Clay Brick

Dry density(kg/m3) 550-650 1800

3.4. Other physical properties of Autoclaved Aerated Concrete

Many physical properties of Autoclaved Aerated Concrete are use in engineering works.
Different engineering properties are use in different works. Some Physical properties of
Autoclaved Aerated Concrete are given bellow:

Table 3. Physical Properties Autoclaved Aerated Concrete

;l(') Property Autoclaved Aerated Concrete  Clay Bricks
! Sound Reduction 45 for 200 mm thick wall 50 for 230 mm thick
Index (Db) wall

2 Fire Resistance (hr) 2-6 (depending on thickness) 2



3 Thermal

.16-0.1 .81
Conductivity,K 0.16-0.18 08
(W/m-K)
4 Drying  Shrinkage 0.04 -
(%)
4. EcoNoMIC CONSIDERATION

When we make a simple building than first factor which affect directly to owner is economic
condition. Now days a building construction is a very difficult for medium economic
condition family because cost of a simple building is very high and medium economic family
cannot bear cost of a building. If we use AAC block than cost of building decrease and
strength also increase [11,13]. Some Parameter is given below which show that how cost of
building affected by AAC block.

Structural Cost: Every concrete structure requires steel for bearing tensile load of structure.
If we use Autoclaved Aerated Concrete in structure than we save up to 15% of steel.

Cement Mortar for plaster & masonry: Quantity of cement mortar is less required in
Autoclaved Aerated Concrete Blocks because they have regular shape and less no. of joints
as compare to clay brick.

Breakage: AAC blocks have good strength and light in weight so they do not break easily.
AAC Blocks generally break less than 5% and clay brick break average 10 to 12%.

Construction Speed: Speed in construction of Autoclaved Aerated Concrete block is very
fast as compare to clay brick [3,7]. Autoclaved Aerated Concrete block have large size so
speed of construction is obviously increase.

Quality: Autoclaved Aerated Concrete quality is very good because they are manufacture in
industries and clay brick have average quality.

Carpet Area: Carpet area of Autoclaved Aerated Concrete is more because less thickness of
walling material as compared to clay brick.

Availability: Autoclaved Aerated Concrete blocks available every time and clay bricks
generally not available in monsoon.

Energy Saving: Autoclaved Aerated Concrete reduce air-conditioned load approx. 30%.

Chemical composition: Sand, fly ash used around 60-70% which reacts with lime & cement
to form Autoclaved Aerated Concrete and in clay brick soil is used which contains many
inorganic impurities like sulphates etc. resulting in efflorescence.
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CONCLUSIONS

AAC blocks have a higher compressive strength than ordinary clay bricks.

AAC blocks have a density that is 1/3 that of ordinary clay bricks, and there is no change
in wet conditions.

Structures with autoclaved aerated concrete have less dead weight.

Cost of construction reduces up to 30%.

The energy used throughout the manufacturing process produces no pollutants, by-
products, or harmful waste products.

The workability of AAC helps to eliminate waste on the job site.
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