
Saving Electricity in Industries through Case Studies

Jignesh Patel

Technical Consultant – Power & Energy

Visiting Faculty- Faculty of Technology & Engineering, MSU Baroda



Introduction of Speaker

• Jignesh P. Patel

• Graduate Electrical Engineer from MSU Baroda

• Master in Energy Systems Engineering from IITB

• Ph.D in Electrical Engineering from MSU Baroda

• PGDBA from SCDL, Pune

• Accredited Energy Auditor, BEE

• 20 Years of Industrial Experience in the domain of power 
system and energy

• Visiting Faculty – The Faculty of Technology & 
Engineering, MSU Baroda

• Member of Board of Studies - CHARUSAT

• Associate Consultant – MITCON Consultancy and 
Engineering Services Ltd.

• Completed more than 500+ Energy Audits

• Completed 150+ Power System study/projects

• Involved in Baseline Verification, M&V and C&V of 
various sectors like DISCOM, Steel, Cement, Textile etc…



Outline of Presentation

• Energy Conservation Definition

• Energy Conservation Vs. Energy Efficiency

• Case Study 1 – Variable Cooling Tower

• Case Study 2 – Feedback Control System in Boiler ID-FD Fan

• Case Study 3 – Harmonic Filter on Induction Furnace

• Case Study 4 – MVD on SO2 Blower

• Case Study 5 – Improve Heat Exchange in Air Conditioner

• Discussion



Definition: Energy Conservation

• The prevention of the wasteful use of energy, especially in order to ensure its continuing availability

• Energy conservation is the effort to reduce wasteful energy consumption by using fewer energy 

services.

• Energy conservation is the decision and practice of using less energy. Turning off the light when you 

leave the room, unplugging appliances when they’re not in use and walking instead of driving are all 

examples of energy conservation. The two main reasons people conserve energy are to gain more 

control over their energy bill and reduce the demand on the earth’s natural resources.



Energy Conservation vs. Energy Efficiency: What is the 

difference?

• Energy conservation and efficiency may be related, but they have distinct definitions in the 

energy world.

• Energy conservation involves using less energy by adjusting your behaviours and habits.

• Energy efficiency, on the other hand, involves using technology that requires less energy to 

perform the same function.

• Energy-saving light bulbs, large household appliances, smart thermostats, and smart home 

hubs like Constellation Connect are all examples of technology that can be energy efficient.

http://blog.constellation.com/2016/01/08/the-power-of-habit-changing-energy-consumption-habits/
http://blog.constellation.com/2016/03/25/led-vs-cfl-bulbs/
http://blog.constellation.com/2017/06/02/smart-thermostat-energy-efficiency/
https://constellationconnect.com/


Case Study 1 - Variable Cooling 

Tower



Cooling Tower – Important Definitions

• Cooling Tower Thermal Efficiency Calculations

• Approach = Cold Water Temperature – Wet Bulb 
Temperature.

• Range = Hot Water Temperature – Cold Water 
Temperature.

• Cooling Tower Thermal Efficiency = Range/ (Range 
+ Approach) x 100.

• COC = Silica in Cooling Water / Silica in Makeup Water



Cooling Tower - Importance

• Cooling tower efficiency plays quite a significant role in improving the overall efficiency of commercial and 

industrial cooling systems. The cooling tower is an indispensable component of these systems, be it a 

commercial one intended for an office building or an industrial one for a refinery, and therefore, maintaining 

and further increasing its efficiency would be quite beneficial if not crucial. 



Cooling Tower Size

• Because of their increasing popularity and

considerable number of applications,

cooling towers are available in many

different sizes and designs.

• This is especially true in the HVAC industry,

in which the demand to increase efficiency

and lower energy costs is great

• One of the most beneficial ways to increase

efficiency and lower energy costs in a

cooling tower design is to utilize a variable-

frequency drive (VFD).



Cooling Tower – Larger Approach Strategy

• Two kinds of temperature differences are indexed for

the design and operation of tower systems, namely,

the range and approach.

• The temperature difference between water entering

and leaving the cooling tower is called the range. The

range is determined using the heat load and water

flow rate, rather than by the thermal capability of the

cooling tower.

• The difference between the outlet water temperature

and the wet-bulb temperature of inflowing air is

termed the approach.



Cooling Tower – Larger Approach Strategy

At steady state, the heat load and water flow are 

constant and thus, the range is also constant. 

Subsequently, the enthalpy driving force increases 

as the outlet water temperature increases.

Taking the selected cooling tower as an example, 

the operational conditions are assumed as follows: 

input water temperature of 35.0°C, air temperature 

of 25.4°C, relative humidity of 75%, and ratio of 

liquid to air flow rate of 2.02. 

If the output water temperature is 31.5°C, then the 

operation line is AB and the driving force is the 

average distance between line AB and line A’ B’, as 

shown in Fig



Cooling Tower – Temperature Zone Control Strategy

• For a feedback control system, two process variables must be identified: the controlled (CVs) and manipulated 

(MVs) variables.

• In a VFD-controlled cooling tower, operators adjust the fan operating frequency (Hz), which in turn determines the 

fan speed and controls the outlet water temperature. 

• Given the relationship between fan operating frequency (Hz) and power requirement, the power necessary to 

achieve the desired outlet water temperature can be calculated.

• Hence, outlet water temperature and fan power are considered as CV and MV respectively. In the following 

feedback controller, the objective is to reduce the error to zero

• ek= ysp,k － yk



Cooling Tower – Temperature Zone Control Strategy

• ek= ysp,k － yk

• Where, K is the sequence index, ek is the error term on the kth run, yk is the measured value of the CV at the kth run, and ysp

is the set point of the CV. 

• The discrete PI control algorithm is considered the most appropriate, given its flexibility, computational simplicity, cost 

effectiveness, and transparency. The goal of feedback control is to maintain the measured value of the CV at its set point. 

• In this study, the measured value of the CV can be lower than the set point during periods of cold weather. When this 

occurs, the integral term accumulates until the controller output eventually fails. 

• The velocity form of the formula for discrete PI control is described in equation given here.

• Pk+1=Pk+Kc+[(ek-ek-1)+ (△t/τI)ek] .



Cooling Tower – Temperature Zone Control Strategy

• Pk+1=Pk+Kc+[(ek-ek-1)+ (△t/τI)ek] .

• Here, P is the value of the MV, namely the power requirement of fan set; Kc is the controller gain; τI is an adjustable 

parameter and is referred to as integral time; △t is the sampling period, and Kc and τI are determined by a data-driven 

estimation. 

• In order to reduce the number of on/off events, the temperature zone control strategy is adopted in this work. When 

the measured outlet temperature is outside the temperature zone, the target is set as the zone mid-value; the target is 

set to the present outlet temperature when its value is within the zone.



Cooling Tower – Temperature Zone Control Strategy

• where TUL and TLL are the upper and lower limit values, respectively; and Tsp is the set point temperature, i.e. Tsp ( TUL + 

TLL)/2. The three values have the following relationship: The power requirement can be calculated using Eq.(3). If the 

outlet temperature remains within the target zone, no adjustments are necessary and so the power requirement 

remains constant. 



Cooling Tower – Temperature Zone Control Strategy

Tw,out = 0.54×Tw,in,1 + 0.21×Tw,in,2 + 0.63 × Tw,in,3 +0.92×H - 0.01×P + 0.02

Where, 

Tw,in,1 , Tw,in,2 , and Tw,in,3 are the temperatures of each inlet water stream

Tair is air temperature 

H is relative humidity

and P is total power consumption of the cooling tower fans



Cooling Tower – Temperature Zone Control Strategy

• f = 12.1+0.006p3 - 0.12p2 + 0.4p

• Where, f is the operated frequency and p is the power requirement



Cooling Tower – Validation of Control Method



Cooling Tower – Results

DATA FIGURE

Motor Output in kW 52

Cost per kW 8 Rs

Average Running Hours per Day 24

Average Days of Operation/Year 300

Average Reduction in Speed 30%

Average Reduction in Energy 66%

Average Energy Expense without VFD 30 Lacs

Average Expense with VFD 12 Lacs

Average Saving with VFD 18 Lacs

Cost of VFD with Filter Panel 10 Lacs

Payback Period 6.5 Months



Case Study 2 - Feedback Control 

System in Boiler ID-FD Fan



ID-FD Fan

• The Energy Audit of one of the power plane done by LEMTEK UI reported the following fact

• The Energy Efficiency of Force Draft Fan is 32% only

• The Energy Efficiency of Primary Air Fan is 49% only

• Inefficiency of the air fan system is an impacted there are waste of electric energy amount of 13,352,929 KWh 

(13,35 GWh) a year

• The financial loss was around 10.7 Cr Indian Rupees

• To overcome this condition, variable frequency drive (VFD) is installed which adjusted air flow as needed so that 

energy waste can be reduced.



ID-FD Fan – Operation

• The FDF and PAF VFD systems work in an integrated manner to supply air into the boiler, FDF provides air for 

the combustion process while PAF produces hot air to push coal into the combustion chamber. 

• In existing system the air supply is higher than needs, so it is necessary to reduce the air supply by lowering the 

power using a VFD. 

• In this way, the frequency, current and voltage in both of motors will also decrease and reduce the use of 

electrical power. FDF and PAF systems using VFD are shown in Figure.



ID-FD Fan – FDF and PAF Model with VFD



ID-FD Fan  - Results

• The result shows that by using VFD, 8,233,573.444 KWh (8.45 GWh) can be saved a year. 

• Total cost benefits are 6.75 Cr 32.1% of saving cost.

• Efficiency of Forced Draft Fan is 72.57 % and Primary Air Fan is 66.84%



Case Study 3 - Harmonic Filter on 

Induction Furnace



Induction Furnace

• Power Quality is most important factor of power delivery system. Proliferation of non-linear loads in power 

system reduces the Power Quality (PQ). High power rating induction furnaces can be produced with the 

development of power electronics, to melt iron, steel metals. In the Induction Furnace (IF) power converter 

tropology is used this causes power quality problems such as harmonic generation. In this work, harmonic 

analysis is carried out on an industry based induction furnace using power quality analyser (Fluke 435). The 

assessment of harmonic distortions is compared with IEEE standard 519-1992. Measured harmonics are beyond 

the permissible IEEE standard limit. To mitigate this harmonics shunt Passive harmonic filter is designed.



Induction Furnace

• One of the most economic ways of producing steel is made through the use of induction furnaces.

• The problem with this kind of furnaces, from an electrical point of view, is the creation of a considerable 

harmonic distortion. 

• The cause of the distortion is within the induction furnace design and operation. 

• An induction furnace works melting the scrap using a medium frequency magnetic field created by a coil. The 

coil is fed by the medium frequency AC current supplied by an inverter which is fed by a DC current converter 

connected to the AC distribution network supply. 

• As the created distortion is very high and affects the voltage supplied by the distribution network, it is highly 

possible that other loads supplied from the same network will be affected.



Induction Furnace

• The copper melting plant is composed of loads that vary fast their consumption changing the harmonic 

composition. The connection and disconnection of power electronic components changes the harmonic 

composition too. The filter has to be fast. 

• Link for Copper Accessories Manufacturing: 

https://youtu.be/7CDoVG0LCUs?list=TLGGdc9P5DG69ZsxODEyMjAyMg

https://youtu.be/7CDoVG0LCUs?list=TLGGdc9P5DG69ZsxODEyMjAyMg


Induction Furnace – Problem Description

• The 600 kVA Induction Furnace Transformer was 

tripping on overload fault.

• The load and harmonics were analyzed using Fluke 

435.

• The real load was around 250 kW but the harmonics 

was very high and voltage distortion was also 

significant.



Induction Furnace – Harmonic Filter Installation-Results

• The tripping problem is resolved. Even under near 

full load conditions.

• The humming sound from furnace transformer is 

reduced to very low level.

• The current and voltage waveform is improved 

significantly

• The Harmonic distortion (THD) reduced to low value.

• The energy consumption is reduced. (The data is 

currently unavailable)



Case Study 4: MVD on SO2 Blower 



MVD on SO2 Blower – Objective

• Objective of this study was to carry out the comparative analysis of energy consumption of SO2 blower with IGV 

and VFD.

• The data at the site were gathered by the team. 

• Two cases were studied. In one case, the SO2 Blower was operated with IGV for twelve hours. During this 

experiment power, furnace discharge pressure, Blower inlet pressure, Blower discharge pressure and other 

relevant data were collected. 

• The same process was repeated with MVD in the second case. In this case IGV was replaced with MVD and the 

same data were collected. The rated parameters of SO2 Blower are as given below. 



MVD on SO2 Blower – Data

Parameter Rated Value 

Volume 156320 m3/hr

Inlet Density 0.954 kg/m3 

Isentropic Head 51 KJ/kg 

Speed of Motor 1480 RPM 

Power 2509 kW 



MVD on SO2 Blower – Process Representation



MVD on SO2 Blower – Process Explanation

• The zinc ore has been fed to the furnace. 

• The sulphure content in zinc ore is oxidized and SO2 has been formed. 

• The SO2 has been then sucked by blower and pushed forward. The purpose of the blower is to maintain the furnace discharge pressure. Ideally, it 

should be below atmospheric pressure. However, it is limited to approximately 2 Bar for health and safety reasons. 

• The SO2 blower has been operated manually by controlling IGV to maintain the Furnace Discharge pressure. 

• The sulphuric acid has been made from SO2 and the waste gas has been discharged in to the atmosphere after processing further. 

• The furnace discharge pressure is a critical parameter and has been maintained conventionally by IGV. 

• However, the MVD (Medium Voltage Drive) is better option control and it regulate the furnace pressure more tightly as compared to IGV. It has been 

shown in the figure 2. 

• The standard deviation of furnace discharge pressure is 0.32 with IGV, whereas, it is reduced to 0.17, approximately half with MVD in manual control 

mode. If, the MVD has been operated in auto mode with furnace discharge pressure feedback, the variation in pressure can be minimized and very 

precise control can be achieved. 



MVD on SO2 Blower – Discharge Pressure Variation



MVD on SO2 Blower – Discharge Pressure Variation

• To save the energy and reduce the pressure variation, the MVD has been installed. 

• The power consumption with MVD and IGV is compared along with the furnace discharge pressure variation. 

• To find out the relation between power consumption of SO2 Blower and Furnace discharge pressure, the 

historical data were correlated. 

• The correlation of around 0.8 is found, which is considered as strong relation. 

• To explore this relationship two cases were studied. In one case, the power consumption is observed when 

furnace discharge pressure is controlled with IGV. 

• In the second case, the same experiment has been repeated with MVD. These cases are presented here.



MVD on SO2 Blower – Furnace discharge pressure Vs

Blower Power with IGV



MVD on SO2 Blower – Furnace discharge pressure Vs

Blower Power with IGV



MVD on SO2 Blower – Result Discussion

Results Discussion 

Two important observations can be made by comparing two cases presented above. 

1. The furnace discharge pressure variation will be higher, when SO2 blower is controlled with IGV. 

2. The power consumption will also be on higher side with IGV control. 

Though, the exact detail of set point for furnace discharge pressure is not exactly known, so it has been assumed 

that the set point for two cases was the same. Due to variable feed rate, varying concentration of sulphure, the 

generation of SO2 gas has been uncertain and so will be the furnace discharge pressure and power consumption. 

However, if furnace discharge pressure is controlled with MVD, the power consumed will remain lower than the 

power consumption with IGV.



MVD on SO2 Blower – Suggestions

Suggestion: 

• To conclude the matter, the intersection of two trend lines (with IGV and MVD as shown in Figure 3 & 4) is compared. 

• When historical data of Blower operation is analyzed, it has been found that the IGV is operated in manual mode with 

the average furnace pressure of 0.0 bar and power consumption of 2300 kW (see power consumption at 0.0 bar in 

figure 3). 

• If the blower has been operated with MVD in auto control, with pressure set point of 0.9 bar, the power consumptions 

will be around 2000 kW (see power consumption at 0.9 bar in figure 4). 

• There will be net saving of 300 kW with MVD, if operated in auto control mode. 

• So, it has been suggested here that the option of maintaining higher furnace discharge pressure with MVD should be 

explored for improvement in power consumption and better control of furnace discharge pressure. 



MVD on SO2 Blower – Action Points

Action Points:

• Take MVD in Line to Control Blower and keep IGV 100% open.

• Set MVD to run in auto control mode with the feedback of Furnace Discharge Pressure.

• Set Furnace discharge pressure of 0.5 bar and gradually increase it to 0.9 bar after looking at the variation in furnace discharge 

pressure in auto mode.

• Keep the furnace discharge pressure set point at 0.9 bar and observe the power consumption and furnace discharge pressure 

variation for some period.

• The average power consumption of MVD for at least 15 days shall be compared with earlier data of IGV for concluding the 

energy saving with MVD.

• Gradually, the control point of Furnace Discharge pressure shall be increased and set to 1.0 bar for higher energy saving.



MVD on SO2 Blower – Trial Data (Blower -1)



MVD on SO2 Blower – Trial Data (Blower -1)

• From above data the following inference can be made. 

• During trial the energy saving realized was 217 kW. If, the power consumption of AC system (17 kW – Actually measured) is 

deducted, the net saving will be 200 kW. 

• However, the saving difference is 411 kW, when compared with 2018 data given by HZL. 

• Also, this data has been confirmed with plant person on 26th June 2021. 

• The reduction in saving may be due to the change in the system and this also can be corroborated with the IGV opening. 

The IGV opening of 50% was required in 2018 to maintain the flow of 80,000 NM3/hr, 

• Whereas, during the trial, the opening required was only 39%. This indicates the change in the system resistance and hence 

overall system. If, the system is restored to the 2018 state, it would have been possible to achieve guaranteed saving.



MVD on SO2 Blower – Trial Data (Blower -2)



MVD on SO2 Blower – Trial Data (Blower -2)

• The data given for Hydro-2 was at 1, 18,265 NM3/Hr. 

• However during the trial, the flow could not be increased more than 97,000 NM3/Hr. Also, the differential pressure 

observed was 4800 mmWC (with blower discharge pressure of 3900 mmWC and blower suction pressure of -900 

mmWC), which is very near to the full load pressure of 5200 mmWC. 

• This indicates the significant pressure drop in the system. This shows that the system is already running near the full 

load condition. 

• Add on to this, when trial was taken in the month of August by plant, the net saving achieved was 83 kW. The details of 

which is given below. 

• The envisaged or guaranteed saving is still not realized because of the change in the system itself. If system is restored 

to original one (as of in 2018), the guaranteed saving would have been achieved with given parameters.



MVD on SO2 Blower – Conclusion

• From above two cases, we can firmly say that the MVD is obviously beneficial and gives saving. 

• But, the saving is not realized fullest due to significant change in the system. With the change in system, the 

overall saving realized is 283 kW (200 + 83), and it would be around 600 kW, if the system is restored to 2018 

state. 

• Now, it has been proved here based on the rational points that the guaranteed saving can be realized with the 

MVD. 

• Also, one more point is observed that, the system is very dynamic in nature, so with dynamic system MVD will 

be much more efficient.



Case Study 5 - Improve Heat 

Exchange in Air Conditioner 



Heat Exchange Improvement in AC– Concept 

Introduction

• Refrigerant Additive is a chemical which

needs to be infused in the refrigerant circuit.

It ensures the designed heat transfer rate by

removing the layer of compressor oil,

formed on the heat transfer surfaces. Once

the oil layer is removed, it forms its own

permanent layer which is heat conductive &

does not allow the oil to form a layer in

future. It is a one time treatment.



Heat Exchange Improvement in AC– Concept 

Introduction

• All the cooling equipment's loses efficiency after one year, this happens due to Oil Fouling that occurs inside the heat

exchanger pipes (evaporator/ condenser coils). This reduces the efficiency of the refrigeration system & increases power

consumption. Oil Duster removes Oil fouling and improves cooling efficiency & reduces compressor run time to achieve

desired set temperature faster.

• Appropriate solution for a major HVAC problem

• Oil duster is used to improve efficiency & reduce friction.

• Environmental friendly treatment.

• It will give new life to bearings, seals & all compressor parts, increase cooling capacity, quiet compressor noise & save

electricity.

• Required quantity of Oil duster chemical is 1 Ounce (30m1) for tonne of refrigeration.



Heat Exchange Improvement in AC– Benefits

• Saves KWH & demand charges up to 20%

• Improves cooling efficiency as high as up to 40%

• Improves lubricating ability by 1500%

• Oxidation & corrosion protection

• One time treatment

• Guaranteed return on investment within 18 months maximum.



Heat Exchange Improvement in AC– Results

• Trial was carried out on 2 Nos of 1.5 TR Split AC at one site and 8 Nos of AC at other sites

• The average saving was around 8%.

• The longevity of effectiveness was also observed.



Discussion



Interaction with Participants

Q&A



Thank You


