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Abstract

Energy conservation is a great challenge for a country since the economic
development is closely linked with the electric energy consumption. The aim
of this research is to expedite the efficient usage of energy through
quantifying transformer losses, feeder losses and utilization losses through a
case study. In this research, a systematic procedure is suggested for
evaluating the transmission losses in an industry’s LT distribution network is
suggested and expressed as per cent of total energy. Loading of transformers
and pf of feeders at receiving end are calculated with the actual power flow
studies. Energy saving through reducing the energy wastage identified from
power study by optimization of transformer loading, power factor (pf)
improvement with reactive power compensation at load end, strengthening of
conductors to provide ales resistive path for the flow of current and efficient
loading of utility is suggested. Also a detailed procedure for calculation
reactive power requirement, energy saving due to pf improvement and
conductor strengthening is suggested based on actual industry running
conditions. A textile yarn manufacturing industry has been considered for
analysis because of i) the higher intense magnitude of electrical energy used
required as both active and reactive in such industries, ii) large variation in
load factor of the industry with different load factor motors, iii) wide variation
of demand due to sudden stoppage and start of machines depends on the
operation and iv) the large number of textile industries in the country. By
implementing the reduction techniques as suggested, energy efficiency of the
industry is increased.

Keywords: Power transmission loss, power factor, conductor, reactive
power, energy conservation, energy efficiency.
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Introduction

Electrical system is one among the basic requisites, which will transform electricity
into a useful output. Measuring the transmission losses plays an important role to
identify and reduce the losses to about 5 - 10 per cent in India from 17- 20 per cent
as estimated. The term “Transmission losses” refers to the difference between the
amount of energy customers is billed and the amount of energy utilized by the
distribution system. Textile yarn manufacturing industry is a continuous energy
consuming industry having mostly three phase squirrel cage induction motors (90 per
cent of motors) for its operation where electricity is used for running machines to
convert raw cotton to yarn stage by stage. As the power cost is rising steeply, there
occurs a stronger need and requirement for energy conservation on electrical system
that is inevitable. By periodic energy audit, it is possible to meet the challenge with
known degree of confidence to evaluate the transmission loss in the LT network that
is quantified at actual running load and considering the stoppage of load for the
planned outages. The outcome of the result is compared with industry standard and
expressed as per cent of total energy consumption. Then the increase in energy
efficiency is calculated through the reduction of losses as per cent of total energy.
Power system (and its load) in an industry is not a device, which once
designed is then complete. It is something that grows unevenly, year by year. In
industry periodical changes in operating parameter, expansion, modernization for
productivity improvements etc., requires strengthening of electrical network to
carry increased load. But they are neglected in most of the cases leading to
frequent system failures, energy wastage, under or unbalanced voltage (at load
ends) as a result of losses. Textile yarn manufacturing industry is an energy
intensive industry having different classes of duty cycle. This research study
gives a procedure to quantify the transmission losses in transformer with respect
to the loading level and in conductor cable that carries power from PCC to
distribution. Also the energy conservation measures to reduce the losses are
suggested to increase the energy efficiency of the industry with a case study.

Litrrature Review

Loss identification and conservation of electrical power leads to saving of steam power
generation in thermal power station that results saving of natural resources such as coal
and fossil fuel with reduction of carbon-di-oxide emission[1]. Power system optimization
in electrical network gives rise to considerable improvement to save energy in the areas
of transmission, distribution and utilization [2]. Optimum utilization and loading of power
in electrical equipment losses are reduced [3]. The scope and potential for saving energy
saving through conservation measures in textile industries in India and the challenges for
achieving the energy efficiency are discussed [4]. Losses are computed for radial
distribution based on average node voltage with limitation of acceptable voltage
variations in the network [5]. Distribution transformer losses are derived using theoretical
formula with an assumption of ideal loading [6]. Transformer loss calculation is suggested
based on the constant demand assumption that is compared with rated demand in a
textile industry as a case study [7]. Standards



Certain Energy Conservation Techniques For Reducing Power Transmission et.al. 12781

for losses in an industrial electric distribution are discussed for transformers and
cable [8]. A practical method is recommended for calculating losses through radial
basis function network and summing the losses for final computation [9]. A procedure
for evaluation of energy saving measures for a factory is described and a periodic
energy audit is suggested for a continuous monitoring of energy efficiency of the

industry [10]. Energy loss estimation through I2xR (Current) method is more accurate
than by estimating voltage drop method [11]. Electrical energy conservation is a
mandatory for industries under “Energy Conservation Act-2001” set by Government
of India and energy efficiency is to be given due importance at the planning stage
itself for new industries [12]. Energy loss is estimated via loss factor derived from the
ratio of average demand and peak demand [13]. Reactive power improvement leads
to loss reduction and improves life time of transformer, conductor and improved
voltage conditions in the network [14]. Energy loss estimation is done with loss factor
derived from equivalent hours of operation assumption [15]. Conductor strengthening
and capacitor placement at load end are the possible solutions for achieving the
maximum energy saving [16].

In all the above cited references, either procedure or method to calculate
losses and potential for saving of energy are discussed. Quantification of
losses, requirement of reactive power for improving pf, and strengthening of
conductor size along with saving is not forwarded. It results an unclear
solution for the industrial applications. In this study, the transmission losses
are quantified and expressed as per cent of total energy at actual operating
conditions of the industry through a in-depth power study starting from power
receiving end to the utilization end,. Losses are compared with standards and
energy conservation measures are suggested along with computation of
increase in energy efficiency of the industry that is suit for implementation.

Methodology and Procedure

Receiving electricity from supplier to the utilization, it passes through various
service equipments like transformers, protection, control and cables then to
motors, lighting and other utilities, make a resistive path for the power flow during
power utilization. When current flows through a resistive element, energy or
power is expended. The amount of power losses (P) is computed from the
definitions of current and resistance to current flow. Alternatively, by substitution
from Oh2m’s law, power loss is expressed by the following equation.

P =1 x R (Copper loss)

| = Current through the conductor in amps and

R = Resistance of the conductor in ohms

Methodology To Estimate Transmission Losses
1. Active and apparent power and phase current are measured in the LT
network feeder cables with running loads.
2. Power factor of each cable is estimated.
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3. Existing reactive power compensation is computed using measured
values of capacitor’s current and rated current.

4. Resistance of the conductor for the actual length is worked out and
cable loss is estimated based on copper loss method (I xR) and the

energy loss per annum is quantified as a per cent of total energy.
5. Losses are compared with standards and scope of energy saving is suggested

through optimization of transformer loading, power factor improvement by
providing static capacitors at load end and conductor strengthening.

6. Computation of increase in industry’s energy efficiency through
reducing losses as a per cent of total energy.

Industry Details

A continuous process industry (Textile industry) having most of the installed
load as inductive with different classes of duty cycle is taken up for the power
study. The industry’s demand and supply details during study are as follows:

Sanctioned demand : 3100 kVA

Industry demand : 2200-2400 kVA

Total Transformer capacity : 3750 kVA Reactive Power Compensation :
2045 kVAr

Daily consumption : 48000 Units

Energy consumption per Annum = 172.8 Lakhs units
Monthly energy cost (INR) = Rs.100.8 Lakhs.

Industry Distribution Network

LT distribution of the industry has the following capacity:
No. of PCC panels at Power House :5

No of cables from PCC to Utility  :23

Power Flow and Distribution

A single line diagram showing the power flow from utility supply to load and
static reactive power compensation at PCC and load end in an industry LT
distribution is shown in Figure 1.
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Figure 1. Power Flow and Standards for transmission losses

Case Study
Standards For Losses At Transformer and Cable

Standard for transformer loss

Distribution transformer gives maximum efficiency between 50 — 60 per cent loading
level at 0.95 — 0.99 pf where core loss and copper loss are equal. Maximum
efficiency of the transformer is 98.5 per cent at 50-60 per cent loading and has a
standard loss of 1.5 per cent of total energy [17]. If the transformer is fully loaded
(100 per cent), excess energy wastage as loss will occur that varies between 0.4 per
cent — 1.9 per cent for 50 — 100 per cent range. This results the total loss of the
transformer will be 1.9 — 2.4 per cent depending on the layout and complexity of the
distribution system which turns the system inefficiency. The relation between the
losses and the loading of a distribution transformer is shown in Figure 2.
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Figure 2: Distribution transformer losses versus loading

Standard for Cable loss

Power in the form of electric current flows through Aluminum cables to various
load points. The cable resistance is proportional to its length and the
maximum permissible loss of power while transporting it from PCC to motor
should be less than 0.75 per cent [17].

Power and PF Measurement

Active power, apparent power and power factor of the each feeder on actual
running load is measured and tabulated in Table 1.

Table 1: Power and PF measurement

PCC Panel|Feeder|Connected Hp [Real Power kW [Apparent Power kVA |Pf

1 1 94 63 111 0.57
1 2 285 112 130 0.86
1 3 285 108 126 0.86
1 4 264 126 145 0.87
1 5 285 128 152 0.84
1 6 285 117 134 0.87
2 7 67 49 58 0.84
2 8 264 106 120 0.88
2 9 135 38 66 0.58
2 10 255 66 97 0.68
3 11 255 103 184 0.56
3 12 285 120 136 0.88
3 13 341 194 273 0.71
3 14 131 71 96 0.74
4 15 285 145 161 0.90
4 16 285 112 137 0.82
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4 17 117 25 43 0.58
4 18 228 100 141 0.71
4 19 220 137 156 0.88
4 20 180 106 122 0.87
5 21 285 101 133 0.76
5 22 341 212 299 0.71
5 23 190 107 130 0.82

Capacitors used for reactive power compensated placed both at PCC and
feeder end are identified and given in Table 2.

Table 2: Compensated Reactive Power

Capacitor Reactive Power Compensated- kVAr
At PCC 1507

At Feeder 143

Total 1650

Transformer Loss and Energy Conservation

Transformer loading

The industry is having five distribution transformers with the technical
specifications given in Table 3.

Table 3: PCC Transformer details

Transformer |Capacity kVA |Current -A [Voltage -V
1 1000 1031 433
2 500 296 415
3 500 539 400
4 1000 947 433
5 750 699 400

The loading details of the transformer calculated based on secondary
current measurements are given in Table 4. and is shown in Figure.3.
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Table 4: Transformer Load Pattern

Transformer  |Current [Load Loading
Capacity (kVA) ((Amps) (KW) pt KVA Per cent
1000 1031 703 0.96 [732 77

500 296 210 1.00 210 43

500 539 385 0.99 [387 75

1000 047 625 0.95 656 71

750 699 420 0.95 K409 5

3750 2426  [64.7*

* Actual Loading as per cent with total transformer capacity

Losses and Energy Conservation

From the power study, is seen that the transformers are loaded unevenly results
efficiency loss. But as total, ratio of required industry demand (kVA) to total
capacity of transformers (rated kVA) is at nearer to optimum level. After doing
load distribution evenly to each transformers, transformer energy loss due to
higher load will be brought to standard and actual loading as total will be 64.6 per
cent that is nearer to the optimum level (50 -60 per cent). This results saving

Load (per cent)
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77 75
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Figure 3: Distribution transformer actual loading

energy due to transmission loss in transformers without any investment.

Cable loss and Energy Conservation

Cable transmission loss

Actual line loss in each feeder is calculated using the formula 3 x I2 x R x 24 x 360 that is accumulated as total cable loss per annum
for the industry and the power factor at each cable end is given in Table 5. Then the losses are compared with the standard
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and the industry’s loss in energy efficiency or transmission loss is defined as
per cent of total energy consumed.

Table 5: Cable Transmission loss

Hp Current [Cable Resistance LosLses
Feeder |@ kW [kVA |Pf | -Amps [R-ohms ** 3IRt
2 285 |112 |130 [0.86 (184 0.05535 48572.3
3 285 (108 |126 0.86 |175 0.021894 17379.5
4 264 |126 |145 [0.87 (202 0.01968 20814.3
5 285 |128 |152 [0.84 (212 0.020541 23929.2
6 285 |117 |134 10.87 (190 0.01968 18414.8
7 67 49 |58 0.84 180.4 0.00995 1667 .1
8 264 (106 |120 10.88 |160 0.0156 103514
9 135 |38 |66 0.58 |92 0.007995 1754.0
10 255 |66 |97 0.68 |137 0.00780 3794.6
11 255 (103 |184 |0.56 |206 0.00585 6434.7
12 285 |120 |136 [0.88 (196 0.01476 14697.2
13 341 |194 (273 |0.71 (381 0.004305 16197.9
14 131 |71 |96 0.74 135 0.01476 6972.5
15 285 |145 |161 [0.90 (226 0.018450 24425.8
16 285 |112 |137 10.82 (193 0.01107 10688.0
17 117 |25 |43 0.58 160.3 0.00984 927.4
18 228 |100 |141 0.71 (199 0.00984 10100.3
19 220 |137 |156 [0.88 (219 0.02460 30581.5
20 180 |106 |122 [0.87 (172 0.016728 12827.3
21 285 |101 |133 [0.76 (187 0.016728 15162.2
22 341 212 [299 [0.71 (394 0.005535 22271.3
23 190 |107 |130 10.82 |184 0.008775 7700.5
Total Losses Units Per Annum 327932.0

** R = Resistance of the cable in ohms for the actual length form cable
manufacturer data.

Energy saving with pf correction

The power factor of all feeders is lagging due to most of the inductive load and all
the feeders have pf less than the bench mark value 0.90. So the power system of
the industry is inefficient and requires reactive power correction at feeder end.

Reactive power requirement for pf improvement

Capacitor required for each feeder to improve the pf to 0.95 is calculated [18]
and the recommendation is given in Table 6.
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Table 6: Capacitor availability and required

Existing effective Capacitors (kVAr) | Required Capacitors (kVAr)

PH Feeder end | Total

PH Feeder end| Total

1507 145

1652

571 1081 1652

Loss reduction and energy saving

It is required to shift from PCC to feeder end about 936 kVAr effective
capacitor banks calculated through proposed method [17] to meet the
requirement without any investment. Total energy saved through loss
reduction with pf improvement to an extent of 80000 units per annum (about

Rs. 5.41Lakhs per/ annum @ Rs.7.00 per unit) is given in Table 7.

Table 7: Energy saving through pf correction

Units / Annum

Feeder [ Existing pf | Loss Saving after pf improvement
1 0.57 2268.3 1451.7
2 0.86 48572.3 8767.2
3 0.86 17379.5 3137.0
4 0.87 20814.3 3358.0
5 0.84 23929.2 5220.7
6 0.87 18414.8 2970.9
7 0.84 1667.1 363.7

8 0.88 10351.4 1469.3
9 0.58 1754.0 1100.2
10 0.68 3794.6 1850.4
11 0.56 6434.7 4198.8
12 0.88 14697.2 2086.1
13 0.71 16197.9 7150.4
14 0.74 6972.5 2741.9
15 0.90 24425.8 2503.5
16 0.82 10688.0 2725.0
17 0.58 927.4 581.7

18 0.71 10100.3 4458.7
19 0.88 30581.5 4340.7
20 0.87 12827.3 2069.4
21 0.76 15162.2 5458.4
22 0.71 22271.3 9831.5
23 0.82 7700.5 1963.3
Total Units / Annum  [327932.0 79798.3

Total Energy consumption per annum = 172.8 Lakhs
units. Total loss per annum = 3.28 Lakhs units.

Loss per cent of Total Energy = 1.9 per cent.
Loss reduction per annum through = 80000 units. pf improvement
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Loss after pf improvement per annum = 2.48 Lakhs units.

Loss per cent after pf improvement = 1.4 per cent.
Increase in energy efficiency = 0.46 per cent.

Cable strengthening and Energy-saving

After doing pf correction, thirteen feeders are having the losses still more than 0.75
per cent (standard level) require conductor strengthening as addition of one run of
same cable to the existing cable. This results the resistance of cable is halved and

the I2><R loss is reduced to standard level that is quantified and tabulated in Table 8.

Table 8: Additional cable required

Required [kWh per annum.

Connected |Runs of |Loss After ‘pf’ |Recoverable units by
Feeder|load in hp |Cables Correction Cable Addition.
2 285 1 39805 29656
3 285 1 14243 9696
4 264 1 17456 11863
5 285 1 18709 12777
6 285 1 15444 10228
8 264 1 8882 4991
12 285 1 12611 6052
15 285 1 21923 14828
16 285 1 7963 3945
19 220 1 26242 17445
20 180 1 10758 5352
21 285 1 9704 4835
22 341 1 12440 4710
Total 136378

Total Energy consumption per annum = 172.8 Lakhs
units Total loss per annum = 3.28 Lakhs units.
Loss per cent of Total Energy = 1.9 per cent.

Loss re?uction units per annum = 136000 units. through Conductor strengthening Increase in energy efficiency = 0.79
per cent.

Conclusion

This paper discussed and proposed a step by step procedure for estimating the
transmission losses in distribution and transmission equipment with a case study
in industry. The main aim of this paper is to quantify the energy losses, compare
the losses with standards and minimising loss that is above standard to increase
the energy efficiency of the industry. Reducing losses through capacitor
placement and conductor strengthening have been employed simultaneously.
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Summary of Energy Saving

Total energy consumption per annum = 172.8 Lakhs

units. Total loss per Annum = 3.28 Lakhs units.

Loss per cent of Total Energy = 1.9 per

cent. Increase in energy efficiency =

0.46 per cent. through pf improvement.

Increase in energy efficiency = 0.79 per

cent. through conductor strengthening

Net increase in Energy Efficiency = 1.25 per

cent. Cable loss after implementation

of energy conservation measures = 0.65 per cent

(Standard =< 0.75 per cent)

A conventional continuous process industry like textile has limited action plan and
time towards the energy study. Also techno-economics is involved for attaining
energy efficiency through implementation of conservation techniques. This requires a
user friendly systematic procedure with a practical approach for achieving energy
efficiency in the electrical distribution starting from power receiving point to point of
utilisation. The recommendations from this research paper for energy conservation
are presented to the industry management for implementation and the results
obtained is verified the effectiveness of the proposed procedure for minimising
energy wastage and increasing industry energy efficiency.

References

[].

12].

3.

(4].

[5].

[6].

(71

Lewis B. Stillwell Mathews, 1909, “Electricity and Conservation of
Energy” Proceedings of AEEE-American Institute of Electrical
Engineers, Volume-28, Issue-5, pp. 317-332.

Mo Shing, Chen, “Losses in Electrical Power System” 1977, IEEE
Transactions on Electrical Power Research, pp. 9 -19.

World Bank Energy Department, Energy department paper, 1982,
“Energy Efficiency: Optimisation of Electric Power Distribution
System Losses”, Paper No.6.

V.K.Bansali, 1995, “Energy Conservation in India- Challenges and
Achievements” IEEE conference on IA &C, 6, pp. 365-372.

Rubin Taleski, Dragoslav Rajicic, 1996, “Energy Summation Method
for Energy Loss computation in Radial Distribution Networks”, IEEE
Transactions on Power Systems; Vol 11,No 2; pp.1104 — 1111.

Cornel Toader, Micea Scutariu and Catalin Dumitriu, 2000, “The
Analysis of Optimal Energy Losses in Two Winding Transformer”,
10th Mediterranean Electro Technical conference-MElecon, Vol.-lll,
PP.1072-1075.

C.Palanichamy, C.Natarajan, Sundar Babu,et al, 2001, Budget
Constrained Energy Conservation — A Experience with a Textile
Industry, IEEE Transaction on Energy Conversion, 16(4) :340-345.



Certain Energy Conservation Techniques For Reducing Power Transmission et.al. 12791

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

H.M. Khodr, J.Molea, et.al, 2002, “Standards Levels of Energy
Losses in Primary Distribution Circuits for SCADA Applications”
IEEE Transactions on Power Systems, Vol 17, No.3, pp- 615 -620.
Jiang Hui-lan, AN Min, liu Jie, XU Jian-giang, 2005 “A Practical
Method of Calculating the Energy Losses in Distribution Systems
Based on RBF Network”, IEEE-PES Transmission and Distribution
Conference and Exhibition; pp.1-6.

N.N.R.Mendis and Nisal Perera, 2006, “Energy Audit-A Case
Study”, IEEE-ICIA, pp-45-50.

P.S.Nagendra Rao and Ravishankar Deekshit, 2006, “Energy Loss
Estimation in Distribution Feeders”, IEEE Transactions on Power
Delivery, July; Vol 21; No 3; pp.1092 - 1100.

G.D.Kamalpur and R.Y.Udaykumar, 2009, “Electrical Energy
Conservation in India-Challenges and Achievements” ICCACE-
International Conference on Control, Automation, Communication
and Energy Conservation-IEEE, pp-1-5.

Bo Yang, Reigh Walling, et.al ,2010, “Improving Utility Energy
Efficiency through Loss Identification”, International Conference on
Transmission and Distribution and Exposition” pp-1-6

W. Wysocki and Marcin Szlosek, 2011, Compensation of Reactive
Power as a method for reducing losses, Proceedings of International
Conference on Electrical Power Quality and Utilisation (EPQU): 1-5.
Leonardo M.O Queiroz, A.Roselli, et.al, 2012, “Energy losses
Estimation in Power Distribution Systems”, IEEE Transactions on
Power Systems, Volume- 27; No 4; pp.1879 — 1887.

Vahid Farahani, Seyed Hussein Hesamedin Sadeghi et.al, 2013,
Energy Loss Reduction by Conductor replacement and capacitor
Placement in Distribution Systems, IEEE Transactions on Power
Systems,28(3): 2077 - 2085.

Bureau of Energy Efficiency, Ministry of Power, Government of
India, 2005, “Energy Efficiency in Electrical Utilities”, Book-3: pp-5,
15-18. Web Site: www.beeindia..in.

Suresh Krishnamoorthy, Dr.Devishree.J, 2015, “Role of Estimation
of Effective Reactive Power Compensation for Increasing Energy
Efficiency in Industrial Distribution” International Journal of Applied
Engineering and Research, Unpublished.



12792 K.Suresh



