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Preface

As per the provisions of Uttar Pradesh Electricity Regulatory Commission (Multi Year
Transmission Tariff) Regulations, 2014, each transmission licensee has to conduct Benchmarking
Study under supervision of Hon’ble Commission and submission of Benchmarking Report to
Hon’ble Commission.

UPPTCL produced its first Benchmarking Report that provides an in-depth survey and analysis
of the quality of electricity supply. In producing this Report, UPPTCL seeks to provide valuable
information regarding various technical and operational parameters in seven comparable State
Transmission Utilities having similar transmission network configuration and geographical area
and comparable international transmission utilities, with associated recommendations for good
regulatory practices that could be adopted in Uttar Pradesh.

Uttar Pradesh Power Transmission Corporation Limited (UPPTCL) is committed to promoting
well-functioning and competitive energy markets in Uttar Pradesh in order to ensure that
consumers receive the best quality of supply. In this Report, the Uttar Pradesh Power
Transmission Corporation Limited (UPPTCL) focuses to benchmark the capex, opex and
operational performance of UPPTCL’s Transmission Business with seven
comparable State Transmission Utilities having similar transmission network
configuration and geographical area and one comparable international
transmission utility.

The benchmarking techniques adopted in this report are based on statistical methods and present
a broad picture of the performance of UPPTCL vis-a-vis the other transmission utilities on
different operational and technical parameters. We hope Uttar Pradesh Electricity Regulatory
Commission will find the data being submitted in this Report suitable and helpful for further
regulatory analysis

Suman Guchh

Director (Commercial & Planning)

Uttar Pradesh Power Transmission Corporation Limited (UPPTCL)
(A Uttar Pradesh Government Undertaking)

11th Floor, Shakti Bhawan Extn.

14-Ashok Marg, Lucknow-226001

2|Page



l BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Abbreviations
‘Shortened term  Fulltitle

A&G Administrative & General Expenses

AP Transco Transmission Corporation of Andhra Pradesh

ARR Annual Revenue Requirement

BSPTCL Bihar State Power Transmission Corporation Company Limited
CAPEX Capital Expenditure

CERC Central Electricity Regulatory Commission

CPI Consumer Price Index

DA Dearness Allowance

EA Electricity Act

EC Energy Charges

FR Feasibility Report

FY Financial Year

GETCO Gujarat Electricity Company Limited

GFA Gross Fixed Assets

KM/Km Kilometre

KPTCL Karnataka Power Transmission Corporation Limited
KV Kilo Volts

KVA Kilo Volt Ampere

KwW Kilo Watt

KWH Kilo Watt Hour

MoP Ministry of Power

MSETCL Maharashtra State Electricity Transmission Company Limited
MPPTCL Madhya Pradesh Power Transmission Company Limited
MU Million Units

MVA Mega Volt Ampere

MW Mega Watt

MYT Multi Year Tariff

OPEX Operating Expenditure

o&mM Operation & Maintenance

PTCUL Power Transmission Corporation of Uttarakhand Limited
R&M Repairs and Maintenance

RVPN Rajasthan Rajya Vidyut Prasaran Nigam Limited
SERCs State Electricity Regulatory Commissions

STU State Transmission Utility

T&D Transmission & Distribution

UPERC Uttar Pradesh Electricity Regulatory Commission
UPPTCL Uttar Pradesh Power Transmission Corporation Limited (UPPTCL)
WPI Wholesale Price Index

wcC Working Capital
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Executive summary

Why was this report created and who is it for?

This report was created to ensure a deeper understanding of the role and commercial viability of State
Transmission utilities. Power sector reforms are transforming the structure and operating environment of
the electricity industries across many countries. The central aim of the reforms has been to introduce
competition and market-oriented measures in the generation and supply activities of the sector.
Increasingly, power sector reforms also attempt to improve the efficiency of the natural monopoly segments
of the industry, namely, electricity distribution and transmission through regulatory reforms. This study is
primarily concerned with this latter aspect of the reforms.

Regulatory reform of transmission utilities generally involves moving away from traditional rate of return
regulation towards incentive-based regulation. A number of incentive-based regulation models have been
proposed in the literature. These models are generally not attributed to theoretical advances in regulatory
economics, rather, they reflect dissatisfaction with incentive signals and performance of rate of return
regulation and the need for alternative approaches. Therefore purpose of the study is to examine the
scope for and identify the main issues in the use of national & international benchmarking
of UPPTCL for the regulation and price controls. The aim of benchmarking is to reveal performance
variations amongst the regulated state transmission utilities, identifying the most efficient state
transmission utilities in the sector and to benchmark UPPTCL’s transmission business.

What methodologies/techniques were considered in the study?

For conducting this benchmarking report following Financial and Technical parameters has been considered
which are to be benchmarked accordingly following input and output parameters has been considered while
carrying out this benchmarking study:

In Electricity Transmission sector for conducting
the Benchmarking Study following input & output
measures are generally required:

OPERATIONAL Input Parameters: Output Parameters:

PERFORMANCE

FARAMELERS Capital Expenditure Total electricity deliveries
(Capex) (kWh)

TECHNICAL ‘ Operating Expenditure  System capacit
PARAMETERS b & BXP y P Y

L ¥ (Opex)
FINANCIAL Overhead Line Length
SRR Transmission/

Distribution network

Other Assets Transmission Losses

Figure 1: Parameters for Benchmarking
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For conducting this benchmarking study at least two feasible benchmarking techniques most relevant in
context of UP from the list below were to be selected.

Partial Performance Indicator (PPI) Method
Total Factor Productive (TFP) Method
Econometric Method

Stochastic Frontier Analysis (SFA) Method
Data Envelopment Analysis (DEA) Method
Any Other technique adopted in India

HEDOR e

How was this study prepared?

This study was prepared by a broad coalition of seven comparable State Transmission Utilities
having similar transmission network configuration and geographical area and
comparable international transmission utilities, including regulatory authorities.

States covered for benchmarking have been selected from various regions of India to get the best
result by measuring each STU’s efficiency in delivering network services to customers. Ranking have
been given to the STUs according to their relative efficiency of providing services in accordance with
service standard obligations. Following three techniques have been chosen to carry out this study:

a) Partial Performance Indicator (PPI) Method
b) Econometric Method
c¢) Corrected Ordinary Least Squares (COLS) Method

Each of the above technique uses different mathematical/statistical methods for relating outputs to
inputs. Chapter 2 contains references to further reading on these techniques used in this report which
will inform consumers/regulators/ stake holders about the relative efficiency of UPPTCL.

What are the key findings?

By this benchmarking report UPPTCL may have Comparative information on the performance of
various states transmission utilities contributes to the benchmark of UPPTCL’s O&M and capital
expenditures which in turn should allow better management decisions and help UPPTCL become
more commercially sustainable over time along with following findings:

0 Identify high performing State Utilities
0 Enable STUs to learn from peers that are delivering their services more efficiently

0 Generate additional incentives for STUs to improve their efficiency.
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1. Chapter 1: Introduction

e =

1.1 Background

Electricity plays a vital role in the economic development and productivity of any economy. Electricity
directly or indirectly has an impact on most aspects of society including employment, health, education,
culture etc.

UPPTCL is taking a leading position in the utilization of the most up-to-date transmission technologies
including HVAC transmission, integration standards and advanced system planning tools. Now, as per
the provisions of the Electricity Act, 2003, National Tariff Policy and Uttar Pradesh Electricity
Regulatory Commission (Multi Year Transmission Tariff) Regulations, 2014, UPPTCL is conducting the
Benchmarking Study of UPPTCL’s transmission business under supervision of Hon’ble Commission.

The focus of benchmarking of best practices in transmission is to identify technologies leading to
greater efficiency in the bulk power system, an increase in system utilization and a reduction in system
losses that would otherwise flow to the end user. Reducing T&D losses will allow utilities to generate
less power and thereby lower the industry’s carbon footprint.

For conducting the benchmarking study, data was collected for the last three financial years i.e. since
FY 2013-14 and future benchmarking exercises has been designed in part to provide selected power
transmission sector data for the bench marking initiatives to improve Indian Power transmission
sector.

1.2 Objective of the Study

The objective of the study is to assess the role and commercial viability and benchmark the various
costs of transmission network in light of the projected development of the UPPTCL transmission
business towards 2022.There are several key objectives behind this benchmarking study:

o] To provide a baseline of indicators based on last three years operational data, against which
to measure future changes in technical and financial performance of UPPTCL.
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o] To benchmark the UPPTCL capital, O&M and operational performance parameters to
achieve desired policy objectives including minimum service standards for delivering
electricity economically and reliably.

1.3 Scope of work of the study

In general the scope of services covers preparation of Benchmarking Report on UPPTCL's
Transmission business as per requirements of National Tariff Policy and Uttar Pradesh Electricity
Regulatory Commission (Multi Year Transmission Tariff) Regulations, 2014.Collection of relevant data
from various sources including TRANACOs/ERCs/LDCs/ DISCOMs of other states having similar
network configuration and geographical area.

Financial and Technical parameters are to be benchmarked and accordingly following input and
output parameters shall be considered while carrying out benchmarking study:

A. Benchmarking of Financial Parameters-

Parameter A1: Operation and Maintenance expenses- Benchmarking of Operation & Maintenance
(O&M) expenses. Under this head, analysis is to be carried out separately for following three subheads
of expenses:

i. Employee Expenses.
ii. A&G Expenses
iii. R&M Expenses

Benchmarking of total O&M Expenses is to be carried out in Rs. Lakh/ckt. km, Rs. Lakh/MVA, and Rs.
Lakh/bay for Lines, Transmission Capacity and Bays respectively at various voltage levels.

Table 1: Benchmarking of O&M at different voltage level
Transmission Lines
Rs. Lakh/Ckt Km
HVDC (Rs. Lakh)
765 KV
400 KV
220 KV
132 KV
Transformation Capacity
Rs. Lakh/MVA

Bays
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Rs. Lakh/bay
765KV

400 KV

220 KV

132 KV

Parameter A2: Capital Expenditure- Under this head there shall be the following categories:

1. 765 KV S/C Transmission line

ii. 400 KV D/C Quad Transmission line
iii. 400 KV D/C Triple Transmission line
iv. 400 KV D/C Twin Transmission line
V. 400 KV S/C Twin Transmission line
vi. 220 KV D/C Twin Transmission line
vii. 220 KV D/C Transmission line

viii. 220 KV S/C Transmission line

iX. 132 KV D/C Transmission line

X. 132 KV S/C Transmission line

xi. New 132 KV AC Sub Station
xii. New 220 KV AC Sub Station
xiii. = New 400 KV AC Sub Station
xiv.  New 765 KV AC Sub Station
XV. Any other (which is required and considered as important).

The benchmarking of Capital Expenditure will have to be carried out with respect to Transmission
Capacity (MVA), Line Length (ckt-km), Numbers of Bays, GFA (in crore), Energy Handled (MUs) and
Peak Demand Handled (MW).

B. Benchmarking of Technical parameters-
Parameter B1: Intra State Transmission Losses- Consolidated and at various voltage levels.
Parameter B2: A.C. System Availability-
. Comparison of Voltage wise Transmission Network (Lines, S/s, Bays etc.) existing as on date.

. Voltage wise Transmission Losses and A.C. System Availability for the transmission network.

C. Benchmarking of Operational Performance Parameter-

Benchmarking of voltage level wise overloaded feeders, overloaded transformers and failure of
transformers.
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2.Chapter 2: The benchmarking methodologies
/techniques

Benchmarking focuses on the improvement of any given business process by exploiting "best
practices' rather than merely measuring the best performance. Best practices are the cause of
best performance and to benchmark the Opex & Capex in energy networks following five
alternative benchmarking methods —namely Partial Performance Indicator (PPI) Method, Total
Factor Productive (TFP) Method, Econometric Method, Stochastic Frontier Analysis (SFA)
Method, Data Envelopment Analysis (DEA) Method, Corrected Ordinary Least Squares (COLS)
Method has been used in the regulation of energy networks. Detailed overview of these
techniques is as follows:

Partial Performance Indicator (PPI) Method

Partial-performance-indicator (PPI) method involves the use of trend or ratio analysis on
part (but not all) of a business’s inputs or outputs to allow judgments or comparisons to be
made on some aspects of the productivity or efficiency performance of comparable businesses or
an industry average.

This method is generally benchmark the performance of the Gas & electricity
utilities.

At a basic level, PPI can be expressed in the following terms:

PPI= input measure /Output measure
The key assumptions of the PPI measure is that a linear relationship exists between the input
and output measured and that any change in the input can be explained by a change in the
output (or vice versa).

Data Requirements:

In such method data collected should be on consistent basis across the business as PPI method
is a linear relationship method therefore unavailability of inconsistent data in PPI method may
likely to be a flawed one benchmarking.

Advantages:

0 Generally easy to compute and simple to interpret.

o Itis a comparison of following certain aspects of efficiency & productivity performance:
» Across Different business at a single point in time i.e. Cross sectional analysis
» Across Time for the some business or industry i.e. Time series analysis
* Bothi.e. Panel Data Analysis

Disadvantages:
As PPIs assume a linear relationship between the input and output measures and also assume

that any change in the input measure can be described by a change in the output measure which
cannot be possible in every case. For example, a utility may have a relatively high or

20| Page




BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

low unit cost simply because it faces input prices or serves customers that are
different from those for utilities operating in other regions. Because of this, they
may present problems in providing a meaningful comparison of businesses in
different operating environments.

Other countries where the PPI Method has been adopted:

S.No. | Regulator / State Electricity distribution | Regulatory
businesses application

1 Independent  pricing and The benchmarking
Regulatory  Tribunal (New . EnergyAustralia results were used, among
South Wales) - Australia . Integral Energy other things, to test the

C E reasonableness of the
ountry Energy opex and capex

allowance for 2004-05 to
2008-09.

2 Independent Competition and The benchmark ratios
Regulatory Commission . ActewAGL were used by the ICRC
(Australian capital Territory) — and its consultants to

_ : test the conclusions
ICRC - Australia about ActewAGL’s total

opex allowance for
2004-05 to 2008-09,
rather than as a device
for arriving at these
conclusions.

Total Factor Productive (TFP) Method

Total Factor Productivity (TFP) — a ratio of a measure of total output to a measure of total
input use — measures the overall productivity change, which cannot be captured in a partial
performance indicator examining the relationship between one output and a single factor of
production. The TFP method is best used to measure productivity performance of a
business or a group of businesses over time.

TFP analysis can be used as an informative tool under the current building-block approach to
cross-check the reasonableness of a business’s forecast demand and costs and thus that of the
implied productivity growth potential. For example, under certain conditions historical
productivity growth experienced by comparable utilities in a subsector provides
a reasonable benchmark for past and prospect productivity performance for the
utility under consideration.

“Total factor productivity (TFP) growth is defined as output growth net of input
growth.”

There are a number of alternative methods for measuring TFP growth. These include:

(I) Non-parametric approaches such as index numbers and Data Envelopment
Analysis (DEA), and
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(II) Parametric approaches such as Stochastic Frontier Analysis (SFA) and
econometric cost-function models.

INDEX-NUMBER-BASED TFP:

Index-number-based TFP is commonly used for measuring productivity growth when there are
a limited number of observations available.

The index-number approach applies the chosen index number formula to construct input and
output quantity indices. The TFP growth is then defined as the difference between the
rate of output quantity growth and input quantity growth. This approach is known
as ‘growth accounting’; i.e., productivity growth is the residual or technical change, from output
growth after accounting for input growth.

A general Form of TFP index, as defined is as follows:
In the Cobb-Douglas production function, total factor productivity is captured by the variable A:
Y = AK“LP

where, Y represents TOTAL OUTPUT

A represents TOTAL FACTOR PRODUCTIVITY

K represents CAPITAL INPUT

L represents LABOR INPUT

a and [ represents TWO INPUT’S RESPECTIVE SHARE OF OUTPUT

Considering the case of firm G in the previous example used in DEA technique, i.e.,
Capital input= 16 crores
Labor input= 400
Output=1 MW
yi=AReLs

10 = A (16 * 107)%5400°5
A=125
Total factor productivity comes out to be 12.5 which can be compared to different year’s total
factor productivity and the business growth is judged

Data Requirements:

The index-number-based TFP method requires price and quantity information on input
and output for two or more businesses or time periods.

Advantages:

0 The index-number-based TFP can be used to measure productivity change either over time or
across businesses.

o All inputs can be accounted for conceptually.

o This approach is relatively simple and transparent, and the results are readily reproducible.

Disadvantages:
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0 The approach can be information-intensive as it requires not only quantity information, but
also price (or revenue/cost share) information to compute the TFP index.

0 As a non-parametric technique, it cannot produce confidence intervals and other statistical
tests

Other countries where the TFP Method has been adopted:

S.No. | Country / State Electricity distribution | Regulatory
businesses application
1 NSW (Australia), New Zealand, | 6 electricity distribution | Tornqvist TFP index
the UK and the US businesses in NSW (1995- | was computed for
96 t0 1997-98) NSW distributors as
part of the sensitivity
analysis.
2 Australia Electricity distribution | The report considered
(1999 to 2003) that  comprehensive
performance analysis
enabled effective
benchmarking of
electricity distribution
businesses.

Data Envelopment Method (DEA)

Data Envelopment Analysis (DEA) is a technique that compares the efficiency and productivity
of businesses that produce similar outputs using similar inputs. Unlike other parametric
techniques, DEA does not require any assumptions about the shape of the underlying
production function or cost function. Information about the shape of the real-world production
technology is inferred from observations of the input-output combinations used by the
businesses.

At the heart of DEA is a set of assumptions about how observed input-output combinations
from real-world businesses can provide information about the set of possible input-output
combinations available to the businesses in the industry. That is, this approach relies on data
in relation to the output levels of businesses in the industry and the amount of inputs to
produce that output (the ‘input-output combinations’). Sophisticated mathematical
techniques are employed to calculate efficiency levels for each business, given their relative
scale, output levels, output mix, and use of inputs. That is, possible ‘input-output
combinations’ are derived and compared with actual input-output combinations so that the
business-specific level of efficiency is calculated. Different approaches to DEA differ in the
assumptions about the space of feasible input-output combinations from observations of the
actual input output combinations achieved by individual businesses.

“Data Envelopment Analysis (DEA) measures the relative efficiencies of
organizations with multiple inputs and multiple outputs. The organizations are
called the decision-making units, or DMUs. DEA assigns weights to the inputs
and outputs of a DMU that give it the best possible efficiency.”
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The DEA method constructs a space of feasible input-output combinations starting from
observed input-output combinations of sample businesses. Different DEA approaches make
different assumptions in extrapolating from specific observed input output combinations tothe
set of all possible feasible input-output combinations.

If a business produces the vector of N outputs y= (yi, V2, ¥s,...yn)using the vector of M inputs
x=(X;, Xo, Xs,...Xn), the input-output combination f=(y,x) is said to be feasible. A sample of such
observations yields a set of discrete feasible input-output combinations f', f2, ...fs, where S is the
number of businesses.

From this observed set of feasible input-output combinations, the next step is to extrapolate to
the full space of feasible input-output combinations. The most common approach to DEA is to
assume:

0 Free disposability: If (y,x) is a feasible combination then so is ( y',x') where yi<y and x> x
and

0 Scalability and combinability of peer observations: If ( yi, xi) is a set of feasible
combinations, then so is (Simixi, Yt yi ) where, under the assumption of constant
returns-to-scale (CRS), the weights of peer observations in forming the surface of
feasible input-output combination 7ts are allowed to be any non-negative real number.

Other assumptions may include:
o the businesses have decreasing returns-to-scale (DRS), where the weights are allowed to
be any non-negative real number which sums to less than or equal to one; or

0 the businesses have variable returns-to-scale (VRS) where the weights are allowed to be
any non-negative real number which sum to the value of one.

Given the set of feasible input-output combinations
constructed, the DEA score for a business under an input-
oriented model is a measure of how much, for a given set of ) .y
outputs, the inputs used by the business could be output oriented, and within
proportionally scaled down while still remaining within a space | this framework, one can take
of feasible input-output combinations. Alternatively, the |J either a Constant Return to
output-oriented approach asks how much the output of the | Scale(CRS) or a Variable
bgsmess (;opld b(? S(;aled up, holding tl}e inputs constant, while Y return to Sca le(VRS).

still remaining within the space of feasible input-output
combinations.

a N
DEA models can be input and

Consider 3 power plants G, H and R of output of 1 MW
of output from each of them. The capital cost of G is 16
crores, H is 8 crores and R is 28 crores. The labor
input of G is 400, H is 600 and R is 1400.The il ;

graphical representation is as follows: CAPTALINAUT 4 | //
n Crores 0l

Since H is the lowest output point among the 151 f’ //

three firms, so a perpendicular is drawn from 12 /-}ff'H

the point H which intersect OR. S

v

o 2 458 piRut
LABOR INPUT *100

Figure 2: Efficiency calculation




BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

GH is the EFFICIENT FRONTIER LINE which is defined as different combinations of
input produce different levels of return. The efficient frontier represents the best of these
input combinations -- those that produce the maximum expected return for a given level of risk.

From the above graph we can obtain the following efficiencies of a plant with respect to others:-

Technical efficiency of firm R relative to efficient frontier is given by
0J
Nr = OR
Now, OJ= V112 + 52= /121 + 25 =V/146 =12.07
OR= V282 + 142 = /784 + 196 = V980 = 31.3

Therefore, technical efficiency= % = 1321'037: 38.56 %
Table 2: Input-Output Combination
Total operational cost Electricity delivered
Duration of energy interruptions Number of consumers
Losses Length of lines

Advantages:

o Itis a non-parametric approach, i.e., there is no need to specify a functional form.

o Itis possible to use physical rather than financial input and output measures in DEA.

0 Reduced data requirements make the analysis easier.

Disadvantages:

0 DEA neglects the possibility of errors in the measurement of the output and input variables.
As a result, the DEA measure is sensitive to the presence of outliers or errors in the
measurement of the data.

o DEA does not easily control for differences in business conditions.

0 Arelated disadvantage is that it is not possible to know what sample size is required to obtain
a reasonable estimate of relative efficiencies.

Other countries where the DEA Method has been adopted:

S.No. | Country / State Electricity distribution | Return to scale
businesses assumption
1 NSW (Australia) — Electricity | Electricity distribution | VRS, CRS
distribution — 1995 — 1998 businesses in NSW
2 Texas (United States — US) — | Electricity distribution | CRS
Electricity distribution — 1983 (1983)
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Econometric Method

As its name suggests Econometric approach to benchmarking that allows for the
role of environmental factors affecting production and cost.

A central task of any utility regulator is the determination of a level of revenue which is
sufficient for a business, operating under a given incentive framework and operating
environment, to cover the costs of delivering a given set of outputs. In order to carry out this
task, the regulator must form a view about the cost structure underlying the industry. This
assessment may be captured by the use of a ‘cost function’, which shows the output-cost
relationship for a cost-minimizing business. That is, by modeling the technology in place, the
output quantities, the input prices, and the operating conditions in which the business operates,
a minimum-cost function yields the periodic costs incurred by an efficient business to deliver
those services in that environment.

Therefore, the econometric modeling of the cost function requires information on: the cost
incurred the range of services that the businesses produce (in quantity), the prices
for inputs, and the operating environmental conditions.

The econometric approach to benchmarking estimates a common benchmark cost function for a
set of businesses.

Given a vector of outputs Y= (y1, y2, y3,....yn) , a vector of input prices w=( w1, w2, w3,....wx)and
a vector of environmental variables z=( z1, z2, z3,....zx,) a benchmark cost function reflects the
annualized costs of an efficient business at a given point in time as a function of y, w, and z:

"C (y,w,z)
This approach suggests that the difference between the actual cost incurred by a business and
the corresponding cost given by the benchmark cost function is management-controllable
inefficiency. By assuming a multiplicative inefficiency term, the cost inefficiency of the business
is:

e=C/"C (y,w,z)

Where C denotes the actual cost and represents the level of inefficiency.
The Cobb - Douglas functional form has been chosen as the cost function as given below:

¥ =AK*LF
Taking logarithm of both sides we get the following equation:

LnY = a+ a LnK + 3 LnL

The following five steps are required for the ‘benchmark cost function’ approach:

(1) The selection of variables which reflect:

Outputs produced by the businesses;
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Input prices paid by those businesses; and
Environmental conditions that affect the production costs.

Collectively, these variables capture all factors that systematically affect the costs of the
businesses and that are beyond management control.

(2) The selection of the type of cost function (the ‘functional form’);

(3) The selection of an estimation method that sets out a way to estimate the
specified cost function that best fits the available data;

(4) The compilation of data in relation to costs, outputs, prices, and environmental
variables for a set of comparable businesses; and

(5) The estimation process and the interpretation of the residual the difference
between the estimated and actual costs for each business as a measure of the
inefficiency of that business.

This approach has been criticized as one cannot automatically conclude that the entire residual
or residual difference is due to relative cost inefficiency. Therefore, in regulatory applications of
conventional econometric approach to benchmarking, the regulator is confronted with the
challenge to ensure that the model specifications are correct and the cost data are of high quality
and relatively free of non-systematic impacts.

Data Requirements:

As noted earlier, the estimation of a benchmark cost function requires information in relation to
the cost, the volume of outputs, the input prices, and the environmental factors which affect the
production cost of individual businesses. The data may cover a number of businesses at a
particular time point (cross-sectional data), a business or an industry over a number of time
periods (time-series data), or a number of businesses over a number of time periods (panel
data).

A Kkey issue in econometrically estimating a benchmark cost function is the selection of the
explanatory variables. That is, the selection of the input, output, and environmental variables.
These variables, as a group, are factors that systematically affect the benchmark costs of the
sampled businesses and the subject industry.

It is noted that the set of explanatory variables required to account for the differences in the cost
performance of firms may differ from sample to sample. Any environmental conditions
common to all of the sampled businesses can be omitted from the analysis as their cost impact
can be captured in the intercept term. For example, this might apply to costs associated with:
labour undertaking national service obligations; nationally prevailing weather conditions; or the
prices of inputs with low transportation costs which are procured in a national or international
market. Conversely, the greater the heterogeneity in the conditions faced by the businesses in
the sample the larger the number of explanatory variables it may be necessary to include.

Advantages:
0 The conventional econometric approach to benchmarking reveals information about the

average industry cost structures, but measuring cost inefficiency relative to businesses
operating on or close to a deterministic frontier.
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0 The econometric approach to benchmarking also allows for the role of environmental factors

affecting production and cost. To the extent that relevant exogenous factors are explicitly
modeled, the estimated residual is net of the factors that are out of management control but
affecting costs and thus attributable to management controlled inefficiencies.

Disadvantages:

0 A potential shortcoming of the conventional econometric method is that there is no explicit

separation of statistical noises from the true ‘inefficiencies’. Rather than statistically
decomposing between random error and inefficiency like SFA, the conventional approach
may require a judgment call for the scope of true inefficiency relative to the measured
residual.

Compared to the non-parametric DEA approach, the econometric approach to benchmarking
requires additional assumptions. For example, the econometric approach assumes that the
functional form of the cost function used in the analysis is capable of modeling the cost
structure of the sampled businesses.

Other countries where the Econometric Method has been adopted:

S.No. | Country / State Electricity distribution | Estimation
businesses Method
Switzerland — Electricity | Electricity distribution | COLS
distribution — 1988-1996 businesses
UK — Electricity distribution Electricity distribution COLS

Stochastic Frontier Analysis (SFA) Method

Stochastic Frontier Analysis (SFA) is an extended econometric method that can be used in
cost benchmarking analysis. SFA enables the estimation of a cost frontier, from which actual
costs incurred by businesses can be compared. SFA is similar to other econometric cost
models in that it specifies a functional form that relates costs to outputs, input prices, and
environmental factors. However, it differs from traditional econometric approaches in two
main ways. First, SFA focuses on estimating the cost frontier representing the minimum
costs rather than estimating the cost function representing the ‘average’ business. Second,
SFA aims to separate the presence of random statistical noise from the estimation of
inefficiency.

SFA has been applied by a limited number of energy regulators. Germany and Finland have
applied the SFA method to assess the relative cost efficiency of energy businesses and Sweden
has applied SFA to assess industry-wide productivity changes over time.

The production costs can be represented by:

Ln Ci- In"C (yi,wi,z)=In f(yi,wiz:a) +u;

for some choice of the parameters. The dependent variable, C, is the costs of business i and
and u=In(e)>o0 represents the inefficiency term, assuming that the variables in the model fully
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capture the cost differences between businesses. The vector of independent variables, yi, wi
and zi represent output quantities, input prices and business conditions respectively. These
are the cost drivers of business i.
When statistical noise is included explicitly under SFA, the model becomes:

LnCi-In"C (y,-,w,-,z,-):lnf(yi,wi,zip) +vitu;

This approach suggests that the differences between the observed costs and the estimated
efficient costs for a business are captured by the sum of the two separate terms, vi+ ui.

The term vi captures the effect of random factors such as unusual weather conditions and
unexpected variations in labour or machinery performance. This term is assumed to be
symmetric and normally distributed with mean zero and varianceo

The SFA method requires a number of assumptions regarding the:

0 Functional form of the cost function;

o Distribution of each of the error terms; and

0 Independence between the error terms and variables in the model.

*SFA cost functions are commonly estimated using Cobb-Douglas or translog
Junctional forms.

The SFA approach also requires the following independence assumptions. First, the terms viand
ui are independent of each other. Second, each of the terms is independent of the explanatory
variables. Violation of these independence assumptions may lead to biased results. This is
because, in the case where ui is correlated with w, the inefficiency error term will be affected by
variation in the cost drivers. However, where ui is correlated with v i, it will be affected by
statistical noise. The possible correlation of ui with environmental factors may lead to the
environmental factors (z i) being excluded from the estimation of the cost function and instead
included as explanatory variables when estimating the mean of the one-sided inefficiency term,
ui

Finally, as with other econometric methods, if some cost drivers, or business-specific
heterogeneity, are not taken into account in the model specification, then this can create bias in
the inefficiency estimates.

Data Requirements:

Estimation of an SFA cost model requires the following information at the business level:
o Costs, such as opex, capex or both;
0 Quantities of each output produced;
o Input prices; and
o Factors that capture the operating environments that may affect costs.

Estimation of the SFA cost model is more computationally demanding than the equivalent
specification under the conventional econometric method. This is because of the estimation of
the two separate error terms in the SFA model. This requires additional data compared to the
econometric approach.

The SFA model can be estimated using either cross-sectional or panel data. As discussed
previously, cross-sectional data are data for many businesses collected at the same point in time.
Panel data are also data for many businesses collected for multiple time periods. Compared with
cross-sectional data, models using panel data are preferred as they are more likely to distinguish
random statistical noise from systematic differences in businesses’ costs because of managerial
inefficiency.
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Advantages:

0 The statistical significance and magnitude of each cost driver variable within the model may
be assessed. Further, the error terms may be examined to determine the appropriateness of
assumptions made in relation to the error terms. This is not possible with non-parametric
models such as DEA or PPI;

0 The results distinguish random statistical noise from management controllable inefficiencies.
That is, some of the variation from the estimated cost frontier will be due to random
statistical noise which is beyond the control of the business and therefore is excluded from
the measure of inefficiency. This is not possible with either OLS or DEA; and

o Using panel data, it smoothest out differences between businesses that are occurring at one
point in time but may not impact on dynamic differences between the businesses over a
longer term.

Disadvantages:

o High information requirements for all the costs, input prices and environmental factors that
may affect the business. The omission of key costs drivers in the model may lead to biased
results. This information requirement is comparable to other econometric models but
greater than the DEA or PPI approaches;

0 A large number of data point is required to facilitate the decomposition of the unexplained
cost variation into random and efficiency-related components;

0 A specific functional form of the cost function must be selected. Misspecification may lead to
biased results;

0 The assumption that u;is independent of w; or v; If this assumption is not true, the results are
likely to be biased;

o

Outliers in the data may affect the estimation of the curvature of the cost frontier. In this
case, estimates are likely to be biased, particularly where the sample size is small.

Other countries where the SFA Method has been adopted:

S.No. | Country / State Electricity distribution | Estimation
businesses Method
1 12 US and 9 Japan electricity | Electricity distribution | MLE
utilities 1982 to 1997 businesses
2 12 electricity  distribution | Electricity distribution | MLE
businesses in England and | businesses
Wales 1980-81 t0 1992-93
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Corrected Ordinary Least Square (COLS) Method

An alternative frontier method to measure relative efficiency of firms is to use statistical
methods to ‘estimate’ the best practice frontier and efficiency scores. COLS is one such method
based on regression analysis. Similar to DEA, the method estimates the efficiency scores of firms
on a O to 1 scale. The regression equation is estimated using the OLS technique and then shifted
to the efficient frontier by adding the absolute value of the largest negative estimated error from
that of the other errors.

Figure 2 illustrate a COLS model with one cost input C and one output Y. The cost equation Cors
= o + f1(Y) is estimated using OLS regression and then shifted by CA to Ccors = (o — CA) + f1(Y)
on which the most efficient firm A lies. The efficiency score for an inefficient firm such as B is
then calculated as EF/BF.

C 1B CoLs=a+f1(Y)

CcoLs=(a-cAr+f1(Y)

® -Reqgulated Firm

Figure 3: Graphical Presentation of COLS Method
Other countries where the COLS Method has been adopted:

S.No. | Country / State Electricity distribution | Estimation
businesses Method
1 Switzerland — Electricity | Electricity distribution | COLS
distribution — 1988-1996 businesses
2 UK - Electricity distribution Electricity distribution | COLS
businesses
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3.Chapter3: National & International
transmission utilities overview

3.1 The Regional Context

—

-:_ l:\ :‘. — :‘ \ o Uttar Pradesh
= I - \: v T _:.:"-'s- o
A2 x .1'.\1 A T _ A

In conducting the benchamrking study of Uttar Pradesh Power Transmission Corporation Limited
(UPPTCL) business, UPPTCL focuses on benchmark the capex, opex and operational
performance of UPPTCL’s Transmission Business with seven comparable State
Transmission Utilities having similar transmission network -configuration and
geographical area and one comparable international transmission utility to undertake
planning and coordination of activities of the power system and the works connected with among
other Generation, Transmission, Distribution electricity requirements in the state of Uttar Pradesh
and ensure quality of electricity supply, which constitutes an essential tool in the overall supervision
of well-functioning energy markets. The seven Indian State Transmission Utilities and one
international Transmission Utility approved by the UPERC are as follows:

Uttarakhand

Bihar

Madhya Pradesh

Maharashtra

Rajasthan

Karnataka

Andhra Pradesh

National Grid (UK — International Utility)

PN A p@DN

However, due to the recent bifurcation of the state of Andhra Pradesh the required information from
the STU of Andhra Pradesh was not readily available. Hence, instead of Andhra Pradesh the state of
Gujarat has been considered for carrying out the benchmarking study.

Further, instead of National Grid, UK Australia Transmission utilities have been considered for the

benchmarking study instead of National Grid, UK as the data required for this study was easily
available from these utilities.
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2000 UPPTCL AT
A GLANCE
4000
3500 Uttar  Pradesh  Power  Transmission
Corporation Limited (UPPTCL), a
3000 —puTC Transmission Company (TRANSCO), was
incorporated under the Companies Act, 1956
2500 =T by an amendment in the ‘Object and Name’
2000 =TS clause of the Uttar Pradesh Vidyut Vyapar
e TW Nigam Limited. Further, Government of
1500 Uttar Pradesh (GoUP), in exercise of power
1000 under the Section 30 of the EA 2003, vide
notification No. 122/U.N.N.P/24-07 dated
500 18th July, 2007 notified Uttar Pradesh
0 . . | | Power Transmission Corporation Limited
765 KV 440 KV 290 KV 132 KV as the “State Transmission Utility” of Uttar
. Pradesh& was entrusted with the
Figure 4: Total Transmission Length responsibilities of  planning and
handled by the UPPTCL development of an efficient and economic
intra-State transmission system, providing
14000 connectivity and allowing open access for
use of the intra-State transmission system
in coordination, among others, licensees
12000 and generating companies. In doing so, it is
guided by the provisions of the UP
10000 Electricity Grid Code, 2007, UPERC (Terms
and Conditions for Open  Access)
Regulations, 2004, and UPERC (Grant of
8000 mTc Connectivity to intra-State Transmission
WTE System) Regulations, 2010 as amended
6000 uTS Jrom time to time. Basic details of UPPTCL
= TW as on date are as follows:
4000 Total Transmission Line: 35275 Km
Total MVA: 78126 MVA
2000 - Transmission Losses: 3.67%
Numbers of bays: 3304 Numbers
0 -

Availability: 99.75%
765KV S/S 400KV S/S 220KV S/S 132KV S/S System Availability: 99.75%

Figure 5: Total MVA capacity installed by the UPPTCL
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0

Top 5 Performers in Indian Transmission Sector (FY 2016-17)
(As per Tarang Newsletter):

Power Grid Corporation of India Limited (PGCIL) emerged as top performer in the category of
Substations and Transmission Lines with commissioning of 35,435 MVA transformation
capacity and line length of 11,669 CKM during the Financial Year 2016-17.

U.P. Power Transmission Corporation Limited (UPPTCL) and Tamil Nadu Transmission
Corporation Limited (TANTRANSCO) for emerged as top performers amongst States by
commissioning of 7,190 MVA transformation capacity and 1,497 CKM Transmission Lines
respectively in the category of Intra-State Transmission Systems during the Financial Year

2016-17.

Transmission Systems: Substations Top 5 performers during Financial year, 2016-17
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Transmission Systems: Lines Top 5 performers during Financial year, 2016-17
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3.2 The Participating State Transmission Utilities (STUs)
[

Maharashtra State Key Highlight of MSECTL
Electricity Transmission
Company Lhimt ted, MSETCL, The largest electric power transmission utility in state sector
in India.
B " "
NN Total Transmission Line: 43730 CKms

MMAT RAN SCO MVA: 110814 MVA

Maharashtra State Electricty Transmission Co.Ltd. .. N
Transmission Losses: 3.89%

\ ) Numbers of EHV Substations: 633 Numbers
MSETCL, a wholly owned corporate entity under .. .
the Maharashtra Government, was incorporated Transmission System Capability: 21000MW

under the Companies Act, in June, 2005 after System Availability: 99.72%
restructuring the erstwhile Maharashtra State

Electricity Board to transmit electricity from its Energy Handled: 136215MU

point of Generation to its point of Distribution. Numbers of Employees: 16859

It owns and operates most of Maharashtra’s

Electric Power Transmission System. MSETCL ' Y Y

operates a transmission network of 43730 Circuit ) ‘o T—s
KM of transmission lines and 633 EHV Substations ?LH > oL S e #
with 110814MVAtransformationcapacity. This S NN y -
infrastructure constitutes most of the inter - /Z: e iz
regional as well as intra regional electric power " {2 ol

transmission system in the State. Today, MSETCL
is the largest state transmission utility in the
country.

The company also has the distinction of being the
only power utility in the state sector to own HVDC
lines. The Company operates a 752 km long, 1500
MW, 500 KV bi-polar HVDC line from
Chandrapur to Padghe. This has been marked as a
major success as electric power is generated in
east Maharashtra, due to easy availability of coal,
whereas the bulk use of power is in the western
ipart of Maharashtra in and around cities such as

- ';“M’uﬁ nd Nashik. The power losses are ~ = e T e [
ver the HVDC line. e—rn o - e e O e R 5 1 i
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Table 3: Achievement of MP during the last fifteen numbers

S.N. | Financial- No. of Total MVA | No. of Power | Transmission | Transmission | Transmission | Transmission | Maximum Demand
Year Substation | Capacity at | Transformers | line Ckt KM at Loss Capacity (MW) System met during the
at the end of| the end of | at the end of | the end of F.Y. (%) Avallabllity year (MW)
F.Y. F.Y. F.Y. (%)
1 | 2002-03 146 17115 356 17623 7.93 3890 4652/04.11.2002
2 | 2003-04 162 19469 388 18048 6.12 4500 4984/18.01.2004
3 2004-05 177 21813 420 19311 5.62 5000 5241/12.11.2004
4 2005-06 185 23175 433 19872 5.23 5563 98.41 5780/01.11.2005
5 2006-07 199 24871 470 20949 5 6011 98.96 6109/21.12.2006
M.P. Power 6 | 20008 [ 205 26015 491 21667 4.09 7220 99.00 | 6501/09.11.2007
T ° ° 7 | 2008-09 216 29078 521 22964 4.09 7483 98.16 7019/27.11.2008
ransmlss"on 8 2009-10 228 32040 557 24622 4.19 8200 98.82 6215/21.01.2010
Company 9 | 2010-11 242 34232 588 26469 3.74 8546 99.13 8331/28.02.2011
S § 10 2011-12 248 35564 607 27119 3.51 8809 99.23 8546/03.03.2012
Limited
m 4 | 2012-13 256 37750 624 27825 3.3 10600 99.44 9484 /12.11.2012
M.P. Power  Transmission
C : 12 | 2013-14 275 41163 669 29009.77 3 12317 99.43 9758/14.12.2013
ompany was incorporated on
22nd November, 2001 and it 13| 200415 | 292 45457 71 30194.99 282 12600 mas  |[MR sl
formally began its operations —
under an  Operation & 14 | 2015-16 314 49349 760 31364.08 2.88 14100 98.16 10841/25.12.2015
Management Agreement 2016-17
executed with MPSEB on 1st 15 | (upto 328 53076 806 32212.66 ] dtdé23.12.201
July, 2002, which provided for 31.01.2017)
undertaking all  activities
relating to intra-state

G 5 Transmission Losses
transmission of electricity for

and on behalf of MPSEB.
Further, in exercise of the

powers conferred by sub-
section (1) of Section 39 of 2.88% in the year 2015-16, which is significantly lower than erstwhile loss level of

The Transmission loss level in the company has been brought down to the level of

Elect.ricity Act, 2003, GoMP has 7.93% as prevailing at the time of company’s inception in the year 2001-02. Similarly,
nominated this Company as the

State  Transmission  Utility
w.e.f. 01.06.2004. 16 from the level of 3980 MW in the year of company’s inceptions. There parameters

the Transmission capacity has been brought up to the level of 12600 MW during 2015-

indicate the volume of Transmission System strengthening & expansion pﬁfi]k‘ﬁﬁliﬁ’ e

under taken in the part 13-14 years.
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Table 4: RVPN System at a Glance

[
RaJ as than S.No. Particulars As on 31-DEC-2016 (Prov.)

[ [ ]
RaJyaVldyutP]'as ar 1 Installed Generating Capacity (in MW)
an Nigam Limil = 11 OwnedRVUN) 595735
(R‘ TN) " 1.2 Private Sector 3356.00

1.3 Partnership project 853.44
Under the provision of the Electricity Act, 2003, 14 Central Sector 2811.04
RV.ITN has been declared as State .Transmlsswn 1.5 Non-Conventional Energy 4016.35
Utility (STU) by Gout. of R.a]asthan Lf).?.f Source(NCES)
10.06.2003. Section 39(1) of this act, prohibits
the STU to undertake business of trading of Total 17894.18
electricity, however RVPN continued its function )
of transmission of bulk power from generating 2 Peak Demand in MW (2015-16) 10961
statz'ons to inter-phase poz.nt qf Dz.scoms Jrom 1.st 3 Total Energy Available (LU) (2015-16) 7556777479
April 2004. Now the Distribution Companies
are directly contracting with Generating 4 No. of EHV GSS As on 31-JAN-2017 (Prov.)
Companies in accordance to the share allocated
by the State Government. RVPN has been 4.1 765 kV 2
dlschar.gln.g wheel%ng of power and 4.2 400 kV 11
transmission of electricity only.
4.3 220 kV 115

RVPN Provides the pathway for power within
whole of Rajasthan. RVPN owns, builds, 4.4 132 kV 402
maintains and operates the high-voltage electric

transmission system that helps to keep the lights Total 530

on, businesses running and communities strong. 5 765 kV Lines (Ckt.Kms.) 425.5

RVPN also owns the shared generating projects

as representative of erstwhile RSEB. 6 400 kV Lines (Ckt.Kms.) 3937.33
7 220 kV Lines (Ckt.Kms.) 14225.43

o

Locf 0%—8‘-\,‘1 8 132 kV Lines (Ckt.Kms.) 16512.39
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Power Transmission Corporation of Uttarakhand Ltd.
| |

As per the provisions of Electricity Act, 2003, the State
Government separated power transmission business
Jrom UPCL which was left only with distribution of
electricity. A new company by the name & style of
Power Transmission Corporation of Uttaranchal Ltd.
was created to handle power transmission business
and registered as a Government Company under
Section 617 of Companies Act, 1956 on 27th May, 2004.
It started functioning w.e.f. 1st June, 2004

PRADESH

YEARWISE INCREASE IN MVA OF 400, 220 & 132 KV S/S
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Figure 7: Year wise increase in MVA capacity of Uttarakhand
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Figure 8: Power Map of Uttarakhand

Figure 9: Year wise increase in Line Length
capacity of Uttarakhand
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Bihar State Power
Transmission
Company Limited

Bihar State Power Transmission Company Limited, a
wholly Owned corporate entity under Bihar
Government was incorporated under the Companies
Act. 1956 on 1st Nov. 2012 after restructuring of
erstwhile Bihar State Electricity Board.

Presently the company is carrying on intra state
transmission and wheeling of electricity under license

issued by the Bihar Electricity Regulatory

Commission. The company is also discharging the
functions of State Load Dispatch Centre from its
Head-Quarter, 4th floor, Vidyut Bhawan, Patna.

BSPTCL operates a transmission network of 6182
Kms. of 132 K.V. Lines & 1663 Kms. of 220 K.V. lines &

75 Kms of 400 K.V. Line as well as 97 Nos. of
operational EHV sub- stations with 7360 MVA

Transformation Capacity.

Figure 10: Power Transmission Map of Bihar
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Karnataka Power Transmission Corporation Limited

0 Karnataka Power Transmission Corporation Limited

is a registered company under the Companies Act,

Table 5: Karnataka Power Sector at a Glance

1956 was incorporated on 28-7-1999 and is a
company wholly owned by the Government of
Karnataka with an authorised share capital of Rs.
1455 crores. KPTCL was formed on 1-8-1999 by
carving out the Transmission and Distribution
functions of the erstwhile Karnataka Electricity
Board.

0 Karnataka Power Transmission Corporation Limited
is mainly vested with the functions of Transmission of
power in the entire State of Karnataka and also
Construction of Stations & Transmission Lines and
maintenance of 400/220/110/66 KV Sub-Stations.
Many new lines and Sub-Stations were added &
existing stations were modified in the Transmission
network. It operates under a license issued by

Karnataka Electricity Regulatory Commission.

0 KPTCL has 4 No. 400 KV Station, 97 No. of 220 KV
Station, 385 No. of 110 KV Station and 602 No. of 66
KV Station. The Total Transmission Line in CKMs is

34251 as on 31.03.2016.

Table 6:

Power Sector at a Glance
Installed Capacity
Number of Consumers
Length of Tr. Lines
Numbers of Stations
Numbers of DTCs

HT Lines in CKMS

LT Lines in CKMS

%gsz»sq?qj

17893.4 MW
2.22Crs.
43176.475 Ckms
1444

655168
298565.83

525255.94

Karnataka Voltage Level, No. of Sub-stations & Transmission line details

Voltage Level
400 KV

220 KV

110 KV

66 KV

33KV

Total

Number of Stations

4
97
389
605
349

1444

Tr. Line in Ckms
2683.324
10970.369
10236.820
10457.923
8828.039

43176.475
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Gwarat Energy
Transmission Company
Limited (GETCO)

Gujarat Energy Transmission Corporation Limited (GETCO)

was set up in May 1999 and is registered under the

Companies Act, 1956. The Company was promoted by
erstwhile Gujarat Electricity Board (GEB) as its wholly

owned subsidiary in the context of liberalization and as a

. - o
part of efforts towards restructuring of the Power Sector. = Y

GETCO derives its revenue by recovery of transmission Figure 11: Gujarat Transmission Network

charges from the transmission system users which includes

S.No.  Particulars As on 31-DEC-2016

DISCOMS, IPP / CPP / MPP or open access user. GETCO has

. . . 1 Peak Demand in MW (2015-16) 14982
entered into an internal arrangement with GUVNL &
DISCOMS whereby GUVNL is entrusted with the 2 Total Energy Auailable (LU) (2015-16) 84880.83
responsibility of collecting the transmission charges from the 3 No. of EHV GSS
distribution companies through the mechanism of the 4 Total (Ckt.Kms.) 55465
differential Bulk Supply Tariff and pays it forward to GETCO 5 Total Transformer Capacity MVA 91544

under the Transmission Services Agreement

||=

Fowar & Infra Consultants

S soa wlPase
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3.3 Transmission System Network Details:-

A. Line Length

The details of the line length (Ckm) of UPPTCL and STUs of seven states chosen fort the

benchmarking study is given below:

Table 8: Line Length (Ckm)

S.No. \ State \ FY 2013-14 \ FY 2014-15 FY 2015-16
1 Uttarakhand 2981.00 3017.00 3020.00
2 Bihar 8394.00 8617.00 9573.90
3 Madhya Pradesh 290009.77 30194.99 31364.08
4 Maharashtra 43019.81 44207.00 46317.00
5 Rajasthan 31092.40 32514.17 33959.92
6 Karnataka 32471.00 33204.00 33794.00
7 Gujarat 50131.56 52531.56 55456.56
8 Uttar Pradesh 26876.00 28678.00 30151.00

Year wise growth in Line Length
60000.00
50000.00 =¢— Uttarakhand
S —_ == Bihar
40000.00 === Madhya Pradesh
30000.00 ﬁ—j Maharashtra
== Rajasthan
20000.00
=@—Karnataka
10000.00 —a—=a Gujarat
0.00 ¢ . ¢ . o . Uttar Pradesh
FY2013-14  FY2014-15  FY 2015-16

Figure 12: Line Length (Ckm)

It can be seen that the largest network in terms of line length is in Gujarat followed by Maharashtra.

Uttar Pradesh is placed at no. 5.
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Table 9: Voltage wise Line Length (Ckm) (FY 2015-16)

S1.No.| Particulars Uttarakhand Bihar Madhya Pradesh) Maharashtra | Rajasthan| Karnataka Gujarat Uttar Pradesh

| Viltage level‘ ‘ Actual ‘ Actual \‘ Actual |

Actual Actual \ Actual |  Actual Actual |

1 765 KV - - - - 425.50 - - 413.56
1 700 KV - - - - - - -
2 500 KV - - - 1504.00 - - -
3 400 KV 388.00 - 3074.45 8225.00 3628.65 2683.00 4300.80 4798.58
4 220 KV 807.00 2125.64 12139.76 16326.00 13724.68 10498.00 17846.73 9238.35
5 132 KV 1825.00 7448.26 16088.87 14554.00 16181.09 - 5332.36 15699.83
6 110 KV - - - 1737.00 - 10171.00 - -
7 100 KV - - - 701.00 _ - - -
8 66 KV - - 61.00 3270.00 - 10442.00 | 27907.67 -
9 - - - - - - 69.00 -

Total 3020.00 9573.90 31364.08 46317.00 | 33959.92 | 33794.00 | 55456.56 30150.32

B. Transformation Capacity

The details of the transformation capacity (MVA) of UPPTCL and STUs of seven states chosen for the

benchmarking study are given below:

Table 10: Transformation Capacity (MVA)

S.No.| | State | FY=2013-14 || FY2014-15 || FY2015-16

1 Uttarakhand 6097.00 6582.00 7872.00

Bihar 9499.00 11560.00 14779.90
3 Madhya Pradesh 41163.00 45457.00 49349.00
4 Maharashtra 101547.00 105434.00 110815.00
5 Rajasthan 53249.00 63378.50 68036.00
6 Karnataka 50221.85 52081.50 53734.90
7 Gujarat 68730.00 80113.00 91544.00
8 Uttar Pradesh 63791.00 68465.00 76725.00
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Year wise growth in Transformation Capacity
120000.00
ey
100000.00 N —=4— Uttarakhand
== Bihar
80000.00 == Madhya Pradesh
—
60000.00 e =>¢=Maharashtra
K +I :: == Rajasthan
40000.00 A—
=@-Karnataka
20000.00 Guijarat
~ ujara
. t ¢ Uttar Pradesh
0.00 T . 1
FY 2013-14 FY 2014-15 FY 2015-16

Figure 13: Transformation Capacity (MVA)

It can be seen that the largest transformation capacity is in Maharashtra followed by Gujarat. Uttar
Pradesh is placed at no. 3.

Table 11: Voltage wise Transformation Capacity (MVA) (FY 2015-16)

Uttar
Sl.No. | Particulars Uttarakhand Bihar Madhya Pradesh) Maharashtral Rajasthan | Karnataka Gujarat Pradesh

Voltage level Actual |  Actual Actual \ Actual | Actual Actual |  Actual | Actual

1 765 KV - - - - 6000.00 - - 2000.00
2 700 KV - - - 1500.00 - - - -
3 500 KV - - - 3582.00 - - - -
4 400 KV 1815.00 - 7350.00 23395.00 8410.00 4575.00 13505.00 11955.00
5 220 KV 2840.00 5750.00 20010.00 49748.00 33046.00 21327.50 28690.00 28190.00
6 132 KV 3217.00 9029.90 21969.00 26779.00 20580.00 - 8275.00 34580.50
7 110 KV - - - 2280.00 - 12396.00 - -
8 100 KV - - - 2678.00 - - - -
9 66 KV - - 20.00 853.00 - 15436.40 | 41074.00 -

Total 7872.00 14779.90 49349.00 110815.00 | 68036.00 | 53734.90 | 91544.00 76725.50

C. Energy Transmitted

The details of the energy transmitted (MU) of UPPTCL and STUs of seven states chosen for the
benchmarking study are given below:

Table 12: Energy Transmitted (MU)

S.No.| State FY 2013-14 FY 2014-15 FY 2015-16

1 Uttarakhand 13227.00 13612.23 13734.00
2 Bihar 13786.16 16986.53 21485.35
3 Madhya Pradesh 50300.00 55206.00 59335.00
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S.No.| State FY 2013-14 FY 2014-15 | FY 2015-16
4 Maharashtra 117289.13 130107.38 136215.34
5 Rajasthan 63851.02 67257.92 75567.74
6 Karnataka 56733.00 59420.35 61957.51
7 Gujarat 70712.07 78933.59 84889.83
8 Uttar Pradesh 77760.69 82413.86 88402.14

Year wise growth in Energy Transmitted
160000.00
140000.00 — —&— Uttarakhand
120000.00 — —&—Bihar
100000.00 == Madhya Pradesh
80000.00 — =>e=Maharashtra
60000.00 i :),:'67 :=.— ——Rajasthan
40000.00 =@=-Karnataka
20000.00 - —= —8 Gujarat
0.00 . . . Uttar Pradesh
FY 2013-14 FY 2014-15 FY 2015-16

Figure 14: Energy Transmitted (MU)

It can be seen that the maximum energy was transmitted by Maharashtra followed by Uttar Pradesh.

D. Peak Demand

The details of the peak demand (MW) of Uttar Pradesh and seven states chosen for the benchmarking

study are given below:

Table 13: Peak Demand (MW)

FY 2013-14 | FY2014-15 | FY 2015-16
1 Uttarakhand 1826.00 1930.00 2034.00
2 Bihar 2465.00 2094.00 3735.00
3 Madhya Pradesh 9716.00 9755.00 10902.00
4 Maharashtra 19276.00 20147.00 20973.00
5 Rajasthan 10047.00 10642.00 10961.00
6 Karnataka 9940.00 10001.00 10202.00
7 Gujarat 12201.00 13603.00 14495.00
8 Uttar Pradesh 13089.00 15670.00 16988.00
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Year wise growth in Peak Demand
25000.00
. =¢— Uttarakhand
20000.00 — .
* == Bihar
15000.00 / : == Madhya Pradesh
: ' =>e=Maharashtra
10000.00 % S Rajasthan
=@ Karnataka
5000.00 .
] e=f== Gujarat
.: , =
0.00 . . . == Uttar Pradesh
FY 2013-14 FY 2014-15 FY 2015-16

Figure 15: Peak Demand (MW)

It can be seen that the highest peak demand was met by Maharashtra followed by Uttar Pradesh.
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4. Chapter4: Benchmarking of Financial
Parameters

4.1 Operation & Maintenance (O&M) Expenses

O&M expenses means the expenditure incurred for the operation & maintenance of the project or part
thereof, and includes the expenditure on manpower, repairs, maintenance spares, consumables,
insurance and overheads but excludes fuel expenses and water charges.

Operation & Maintenance expenses shall include:

Employee Expenses including Salaries, wages, pension contribution and other employee costs;
Administrative and General expenses which shall also include expense related to raising of loans;
Repairs and Maintenance Expenses;

Employee Cost:

Employee Cost shall be computed as per the approved norm escalated by consumer price index (CPI)
adjusted by provisions for expenses beyond the control of the Licensee and one time expected
expenses, such as recovery /adjustment of terminal benefits, implications of pay commission, arrears,
interim relief etc. governed by the following formula:

EMP, = (EMP,*CPI inflation) + Provision
Where:
EMP, = Employee expense for the year n

EMP;, = Employee expense as per the norm CPI inflation: is the average increase in the Consumer
Price Index for immediately preceding three financial years.

Provision: Provision for expenses beyond control of the Transmission licensee and expected one-time
expenses as specified above.

The Employee Expenses includes various types of allowances like:
Salary and Allowances

Dearness Allowance

Bonus/Ex-gratia

Other Allowances

Pension and Gratuity

Medical Expenses

47| Page




BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Leave Travel Assistance

Earned Leave Encashment

Compensation

Contribution to Provident and other Funds
Expenditure on Trust

Staff Welfare Expenses

Common Expenditure (Charged by UPPCL)
R&M Cost:

Repair and maintenance expense shall be calculated as percentage (as per the norm defined) of
Average Gross Fixed Assets for the year governed by the following formula:

R&M,, = Ky*GFA,

Where,

R&M,: Repair and Maintenance expense for nt year.
GFA,: Average Gross Fixed Assets for nt* year.

Ky: Percentage Point as per the norm

The R&M Expenses include the repair and maintenance of the following items:
Plant & Machinery

Buildings

Other Civil works

Lines Cables Networks etc.

Vehicles-Expenditure

Expenditure on Contractual Manpower

Furniture & Fixtures

Software’s

Office Equipment

A&G Expenses: 1t is related to day to day to day operation of the business. General
and administrative expenses pertain to operation expenses rather that to expenses that can be directly
related to the production of any goods or services, including rent, utilities, insurance and managerial
salaries. In the company'sincome statement, these expenses generally appear under operating

o
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expenses. A&G expenses shall be computed as per norm escalated by Wholesale Price Index (WPI)
and adjusted by provisions for confirmed initiatives (IT etc. initiatives as proposed by the
Transmission Licensee and validated by the Commission) or other expected one-time expenses and
shall be governed by following formula:

A&Gy : (A&Gy* WPI Inflation) + Provision.
Where:

A&Gq: A&G expense for the year n

A&Gy: A&G expense as per norm.

WPI inflation: is the average increase in the Wholesale Price Index (WPI) for immediately preceding
three years.

Provision: Cost for initiatives or other one-time expenses as proposed by the Transmission Licensee
and validated by the Commission.

It includes following items:

Payment to Auditor

Advertisement Expenses
Communication Charges

Consultancy Charges

Electricity Expenses

Entertainment

Expenditure on Trust

Corporate Social Responsibility Expenses
Insurance

Interest on GPF & CPF Balance

Legal Charges

Miscellaneous Expenses

Printing & Stationery

Rates & Taxes

Rent

Technical Fees & Professional Charges

Travelling & Conveyance
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Water Charges

Common Expenditure (Charged by UPPCL)

4.2 Benchmarking of Employee Expenses

The benchmarking of the employee expenses has been carried out using the Partial Performance
Indicator, Econometric Method using the Cobb Douglas Production Function and the Corrected

Ordinary Least Square Method.

a. Partial Performance Indicator (PPI)

Employee Expense /Ckm

The employee cost/Ckm of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table

below:

Table 14: Employee Expense/Ckt Km for FY 2013-14

Tpones, | LineLength | 0O pank
(Rs. Crore) Km

1 | Uttarakhand 50.61 2981.00 1.698 5

2 | Bihar 86.68 8394.00 1.033 2

3 | Madhya Pradesh 287.82 29009.77 0.992 1

4 Maharashtra 819.50 43019.81 1.905 6

5 Rajasthan 1004.25 31092.40 3.230 8

6 | Karnataka 711.36 32471.00 2.191 7

7 | Gujarat 596.71 50131.56 1.190 3

8 Uttar Pradesh 395.28 26876.00 1.471 4

The employee cost/Ckm of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table

below:

Table 15: Employee Expense/ Ckt Km for FY 2014-15

Employee

Expenses
(Rs. Crore)

51.85

3017.00

Employee
Expense/Ckt
~ Km

1.719
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Txpenses | LineLength SOV o
(Rs. Crore) Km

2 Bihar 93.35 8617.00 1.083 >

3 Madhya Pradesh 312.22 30194.99 1.034 1

4 Maharashtra 848.43 44207.00 1.919 6

5 Rajasthan 945.52 32514.17 2.908 8

6 Karnataka 804.73 33204.00 2.424 7

7 | Gujarat 643.98 52531.56 1.226 3

8 | Uttar Pradesh 396.88 28678.00 1.384 4

The employee cost/Ckm of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table

below:

Table 16: Employee Expense/ Ckt Km for FY 2015-16

Employee

xvenses | NG TR | mapenseclan| Rank
1 Uttarakhand 57:55 3020.00 1.90555 5
2 | Bihar 98.99 9573.90 1.03394 | 1
3 | Madhya Pradesh 326.27 31364.08 1.04027 | 2
4 | Maharashtra 927.76 46317.00 2.00307 | 6
5 Rajasthan 041.83 33959.92 2.77337 8
6 Karnataka 730.21 33794.00 2.16076 7
7 | Gujarat 738.43 55456.56 1.33155 | 4
8 | Uttar Pradesh 398.98 30151.00 1.32326 | 3
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Figure 16: Employee Expense/Ckm

It can be seen that the employee expenses of UPPTCL are on a lower side however, the employee cost
of Madhya Pradesh is the lowest and its ranked first during two out of three years.
Employee Expense /MVA

The employee cost/MVA of the seven STUs along with UPPTCL for the FY 2013-14 is given in the
table below:

Table 17: Employee Expense/ MVA for FY 2013-14

Employee Transformation

T Canacitv Employee
SNo/ State | Expenses | _ Capacity - ~aPO¥EE | Rank
(Rs.Crore) | (MVA) Expense/MVA

1 | Uttarakhand 50.61 6097.00 0.830 4
2 Bihar 86.68 9499.00 0.912 6
3 | Madhya Pradesh 287.82 41163.00 0.699 2
4 | Maharashtra 819.50 101547.00 0.807 3
5 Rajasthan 1004.25 53249.00 1.886 8
6 | Karnataka 711.36 50221.85 1.416 ~
7 Gujarat 596.71 68730.00 0.868 5
8 | Uttar Pradesh 395.28 63791.00 0.620 1

The employee cost/MVA of the seven STUs along with UPPTCL for the FY 2014-15 is given in the
table below:
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Table 18: Employee Expense/ MVA for FY 2014-15

Employee Transformation Emplovee
State @ | Expenses _ Capacity Expense/MVA erfsey Rank
(Rs Crore) (MVA)
Uttarakhand 51.85 6582.00 0.788
2 Bihar 93.35 11560.00 0.808 6
3 Madhya Pradesh 312.22 45457.00 0.687 2
4 | Maharashtra 848.43 105434.00 0.805 5
5 | Rajasthan 945.52 63378.50 1.492 7
6 Karnataka 804.73 52081.50 1.545 8
7 | Gujarat 643.98 80113.00 0.804 4
8 Uttar Pradesh 396.88 68465.00 0.580 1

The employee cost/MVA of the seven STUs along with UPPTCL for the FY 2015-16 is given in the

table below:

Table 19: Employee Expense/ MVA for FY 2015-16

Employee | Transformation " Employee
S —— (g};. gll}(s;:) %L Expense/MVA

1 Uttarakhand 7872.00 0.731 4
o | Bihar 98.99 14779.90 0.670 3
3 Madhya Pradesh 326.27 49349.00 0.661 >
4 Maharashtra 927.76 110815.00 0.837 6
5 Rajasthan 941.83 68036.00 1.384 8
6 Karnataka 730.21 53734.90 1.359 7
7 Gujarat 738.43 91544.00 0.807 5
8 Uttar Pradesh 398.98 76725.00 0.520 1
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Figure 17: Employee Expense/MVA

The employee expense/MVA of Uttar Pradesh is the least amongst all the utilities during all the three
years considered. The same is due to the reason that the transformation capacity of UPPTCL is third
among the eight utilities considered for the study.

Employee Expense /MU

The employee cost/MU of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table

below:

Table 20: Employee Expense/MU for FY 2013-14

Erpenses | Transmied plmplovee | Rk
_(Rs. Crore) (01719))
1 Uttarakhand 50.61 13227.00 0.38261 1
2 | Bihar 86.68 13786.16 0.62872 4
3 Madhya Pradesh 287.82 50300.00 0.57221 3
4 | Maharashtra 819.50 117289.13 0.69870 5
5 | Rajasthan 1004.25 63851.02 1.57280 8
6 | Karnataka 711.36 56733.00 1.25388 -
7 | Gujarat 596.71 70712.07 0.84386 6
8 | Uttar Pradesh 395.28 77760.69 0.50832 2
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The employee cost/MU of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table

below:

Table 21: Employee Expense/MU for FY 2014-15

Employee Ener " Employee
S.No| State Expenses Transmitted M Rank
(Rs. Crore) (MU)
1 Uttarakhand 51.85 13612.23 0.3809 1
2 | Bihar 9335 16986.53 0.5495 3
3 Madhya Pradesh 312.22 552006.00 0.5656 4
4 | Maharashtra 848.43 130107.38 0.6521 5
5 | Rajasthan 945.52 67257.92 1.4058 )
6 Karnataka 804.73 59420.35 1.3543 7
7 Gujarat 643.98 78933.59 0.8159 6
8 Uttar Pradesh 396.88 82413.86 0.4816 2

The employee cost/MU of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table

below:

Table 22: Employee Expense/MU for FY 2015-16

Employee Energy
S.No/ State Expenses Transmitted Efnéflls?/,i:U

(Rs. Crore) (MU) P
1 Uttarakhand 57-35 13734.00 0.41901 1
2 | Bihar 98.99 21485.35 0.46073 3
3 Madhya Pradesh 326.27 59335.00 0.54988 4
4 | Maharashtra 927.76 136215.34 0.68110 5
5 Rajasthan 941.83 75567.74 1.24634 8
6 | Karnataka 730-21 61957.51 1.17856 7
7 | Gujarat 738.43 84889.83 0.86987 6
8 Uttar Pradesh 398.98 88402.14 0.45132 2
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Figure 18: Employee Expense/MU

The UPPTCL is ranked second among all the utilities during all the three years in terms of employee
expenses/MU as the energy transmitted by UPPTCL is the second highest among all the utilities

considered for the study.

Employee Expense /MW

The employee cost/MW of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table

below:

Table 23: Employee Expense/MW for FY 2013-14

e Emplosee ||
(Rs.Crore)  (MW) Expense/M
1 Uttarakhand 50.61 1826.00 2.7715 1
2 | Bihar 86.68 2465.00 3.5163 4
3 Madhya Pradesh 287.82 9716.00 2.9623 >
4 Maharashtra 819.50 19276.00 4.2514 5
5 Rajasthan 1004.25 10047.00 9.9955 8
6 Karnataka 711.36 9940.00 7.1566 7
7 | Gujarat 596.71 12201.00 4.8907 6
8 | Uttar Pradesh 395.28 13089.00 3.0199 3
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The employee cost/MW of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table
below:

Table 24: Employee Expense/ MW for FY 2014-15

Ennayes Peak Demand Employee
___rmployee
S.No. State Expenses (MW) ‘Expense/ MW Ran
(Rs. Crore)
1 | Uttarakhand 51.85 1930.00 2.6865 o
2 | Bihar 93-35 2994.00 3.1178 3
3 Madhya Pradesh 312.22 9755.00 3.2006 4
4 Maharashtra 848.43 20147.00 4.2112 5
5 Rajasthan 945.52 10642.00 8.8848 8
6 | Karnataka 804.73 10001.00 8.0465 7
7 | Gujarat 643.98 13603.00 4.7341 6
396.88 15670.00 2.5328 1

8 Uttar Pradesh

The employee cost/MW of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table
below:

Table 25: Employee Expense/MW for FY 2015-16

S.No. State (%lpé%gg) Pealé\ll)vevn)land Efprgglz:/yﬁw
2034.00 2.8293 3
2 Bihar 98.99 3735.00 2.6503 2
3 Madhya Pradesh 326.27 10902.00 2.9928 4
4 Maharashtra 927.76 20973.00 4.4236 5
5 Rajasthan 941.83 10961.00 8.5926 8
6 | Karnataka 730.21 10202.00 7.1575 7
7 Gujarat 738.43 14495.00 5.0944 6
8 | Uttar Pradesh 398.98 16988.00 2.3486 1
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Figure 19: Employee Expense/ MW

The UPPTCL is ranked second among all the utilities during the three years as the peak demand
served by Uttar Pradesh is the second highest among all the utilities considered for the study.

b. Econometric Method

The selection of variables

Benchmarking of the employee expenses for FY 2013-14 has been carried out by considering the

following variables as given in the table below:

Table 26: Employee Expenses, Line Length & Transformation Capacity of different

states
Employee Line Length Transformation
Expenses Capacity
% __bxpenses
State (Rs. Crore) (Ck(th)<m) (MVA)
(a) (D)
1 Uttarakhand 50.61 2981.00 6097.00
2 Bihar 86.68 8394.00 9499.00
3 Madhya Pradesh 287.82 29009.77 41163.00
4 Maharashtra 819.50 43019.81 101547.00
5 Rajasthan 1004.25 31092.40 53249.00
6 Karnataka 711.36 32471.00 50221.85
7 Gujarat 596.71 50131.56 68730.00
8 Uttar Pradesh 395.28 26876.00 63791.00

The selection of the type of cost function (the ‘functional form’);

The Cobb - Douglas functional form has been chosen as the cost function as given below:
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Ln "C(y1,¥2, V3, ¥4) = a+biny,+bolny.+cnw,+c.lnw,

The selection of an estimation method that sets out a way to estimate the
specified cost function that best fits the available data;

The ordinary least squares (OLS) method has been chosen as the estimation method to estimate the
specified cost function.

The compilation of data in relation to costs, outputs, prices, and
environmental variables for a set of comparable businesses

The details of seven states along with UPPTCL related to employee expenses, line length and
transformation capacity has been considered to carry out the benchmarking study.

The estimation process and the interpretation of the residual (the difference
between the estimated and actual costs) for each business as a measure of
the inefficiency of that business.

Doing the regression analysis on the values obtained after considering log of the values in table 26 we
obtain the following values:

Table 27: Regression Analysis of Employee Expenses

S.No.| State C IN@ |y Nmb) | IN(o) R"éﬁfﬁi"d
(GY (e)
1 Uttarakhand 3.92 8.00 8.72 3.88
2 Bihar 4.46 9.04 9.16 4.57
3 Madhya Pradesh 5.66 10.28 10.63 6.03
4 Maharashtra 6.71 10.67 11.53 6.79
5 Rajasthan 6.91 10.34 10.88 6.23
6 Karnataka 6.57 10.39 10.82 6.21
7 Gujarat 6.39 10.82 11.14 6.59
8 Uttar Pradesh 5.98 10.20 11.06 6.30

Having obtained the regressed value the efficiency of the STUs have been obtained in the following
table:

Table 28: Rank Obtained (FY 2013-14)

Regressed

@ LN (b) LN (¢) | V(aell)le d/e

LN (a)

S.No.
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Regressed
IN@)  yN®) | IN(@) | Value
(d) (e)
3.92 8.00 8.72 3.88 1.01 6
1 | Uttarakhand
4.46 9.04 9.16 4.57 0.98 4
2 | Bihar
5.66 10.28 10.63 6.03 0.94 1
3 | Madhya Pradesh
6.71 10.67 11.53 6.79 0.99
4 | Maharashtra 5
6.91 10.34 10.88 6.23 1.11 3
5 | Rajasthan
6.57 10.39 10.82 6.21 1.06
6 | Karnataka 7
6.39 10.82 11.14 6.59 0.97
7 | Gujarat 3
5.98 10.20 11.06 6.30 0.95 5
8 | Uttar Pradesh

It can be seen from the table given above that the rank obtained by UPPTCL is no. 2.

Efficiency (d/e)
1.15
1.10 A1
1.05 1.06
1.00 ~.1.01 \ = Efficiency (d/e)
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'z?b ‘\QQ} be’(;(\ & & "b‘é be“;o
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Figure 20: Efficiency (d/e) of states
Analysis for FY 2014-15

Benchmarking of the employee expenses for FY 2014-15 has been carried out by considering the
following variables as given in the table below:
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Table 29: Employee Expenses, Line Length & Transformation Capacity of different
states for FY 2014-15

Employee . Transformation

EXI?enzes Ll(réitl‘ggh Capacity

(Rs. Crore) ®) (MVA)

(a) (c)

1 | Uttarakhand 51.85 3017.00 6582.00
2 | Bihar 93.35 8617.00 11560.00
3 | Madhya Pradesh 312.22 30194.99 45457.00
4 | Maharashtra 848.43 44207.00 105434.00
5 | Rajasthan 945.52 32514.17 63378.50
6 | Karnataka 804.73 33204.00 52081.50
7 | Gujarat 643.98 52531.56 80113.00
8 | Uttar Pradesh 396.88 28678.00 68465.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the

following table for FY 2014-15:

Table 30: Rank Obtained for FY 2014-15

IN@  yN®b) | IN( | R"éﬁfiﬁ"d d/e
(d) (e)

8.79 3.89 1.01 6
1 | Uttarakhand 3.95 8.01
2 | Bihar 4.54 9.06 9.36 4.66 0.97 4
3 | Madhya Pradesh 5.74 10.32 10.72 6.07 0.95 2
4 | Maharashtra 6.74 10.70 11.57 6.80 0.99 5
5 | Rajasthan 6.85 10.39 11.06 6.33 1.08 8
6 | Karnataka 6.69 10.41 10.86 6.20 1.08 7
7 | Gujarat 6.47 10.87 11.29 6.67 0.97 3
8 | Uttar Pradesh 5.98 10.26 11.13 6.34 0.94 1
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Figure 21: Efficiency (d/e) of states

Analysis for FY 2015-16

Benchmarking of the employee expenses for FY 2015-16 has been carried out by considering the
following variables as given in the table below:

Table 31: Employee Expenses, Line Length & Transformation Capacity of different
states for FU 2015-16

Employee L s Transformation

Expenses (Ckt Km) Capacity

(Rs. Crore) ®) (MVA)

(D)

1 | Uttarakhand 57.55 3020.00 7872.00
2 | Bihar 98.99 9573.90 14779.90
3 | Madhya Pradesh 326.27 31364.08 49349.00
4 | Maharashtra 927.76 46317.00 110815.00
5 | Rajasthan 941.83 33959.92 68036.00
6 | Karnataka 730.21 33794.00 53734.90
7 | Gujarat 738.43 55456.56 91544.00
8 | Uttar Pradesh 398.98 30151.00 76725.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the
following table for the FY 2015-16:
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Table 32: Rank Obtained for FY 2015-16

Regresse
State IN(¢)| Value d/e || Rank
(e)
1 | Uttarakhand 4.05 8.01 8.97 3.94 1.03 6
2 | Bihar 4.60 9.17 9.60 4.81] 0.96 3
3 | Madhya Pradesh 579 10.35 10.81 6.09 0.95 2
4 | Maharashtra 6.83 10.74 11.62 6.81| 1.00 5
5 | Rajasthan 6.85 10.43 11.13 6.35| 1.08 8
6 | Karnataka 6.59 10.43 10.89 6.18 1.07 7
7 | Gujarat 6.60 10.92 11.42 6.74| 098 4
8 | Uttar Pradesh 5-99 10.31 11.25 6.39 0.94 1
Efficiency (d/e)
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Figure 22: Efficiency (d/e) of states

c. Corrected Ordinary Least Square Method

The Corrected Ordinary Least Square Method has been used along with regression analysis to arrive
at the desired results. The following steps have been used to carry out the benchmarking study:

1. Establishment of Data Management Units (DMUs)
2. Carrying out the Regression Analysis
3. Ranking of the utilities after obtaining the corrected values

Establishment of Data Management Units (DMUs)
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The Data Management Units have been established by considering the employee cost along with the
Circuit Kilometers (Ckt Km) and the Transformation Capacity (MVA). The employee cost is the input
cost and the Circuit Kilometers (Ckt Km) and Transformation Capacity (MVA) are the output
achieved. The following table gives the details of the eight states (DMUs) considered for the
benchmarking study:

Table 33: Employee Expenses, Line Length & Transformation Capacity of different
states for FY 2013-14

Employee . Transformation
S.No. Ex;)en;’es Ll(réitl‘gsh Capacity

(Rs. Crore) (MVA)
1 Uttarakhand 50.61 2981.00 6097.00
2 Bihar 86.68 8394.00 9499.00
3 Madhya Pradesh 287.82 20009.77 41163.00
4 Maharashtra 819.50 43019.81 101547.00
5 Rajasthan 1004.25 31092.40 53249.00
6 Karnataka 711.36 32471.00 50221.85
7 Gujarat 596.71 50131.56 68730.00
8 Uttar Pradesh 395.28 26876.00 63791.00

Regression Analysis

The employee expenses have been benchmarked with respect to line length (ckm) and transformation
capacity (MVA) of other State Transmission utilities. Carrying out the multiple regression analysis the
following values are obtained for the employee expenses as given in the table below:

Table 34: Regression Analysis of Employee Expenses

Employee Line Transformation Regressed

Expenses Length Capacity

(Rs. Crore) (Ckt Km) QAN
1 Uttarakhand 50.61 2981.00 6097.00 87.76
2 Bihar 86.68 8394.00 9499.00 148.86
3 Madhya Pradesh 287.82 29009.77 41163.00 465.93
4 Maharashtra 819.50 43019.81 101547.00 856.75
5 Rajasthan 1004.25 31092.40 53249.00 538.06
6 Karnataka 711.36 32471.00 50221.85 536.05
7 Gujarat 596.71 50131.56 68730.00 768.80
8 Uttar Pradesh 395.28 26876.00 63791.00 549.98

It can be seen from the table given above that the actual employee expenses for UPPTCL was Rs.
395.28 Crores for the FY 2013-14. However, after carrying out the regression analysis the employee
expenses comes out to Rs. 549.98 Crores. This difference of Rs. 154.71 Crores indicates that the
employee expenses of UPPTCL are on a lower side and the same can be increased by Rs. 154.71 Crores
considering the employee expenses of other STUs. One key reason for lower employee expenses of
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UPPTCL is the actual employee strength of the utility. As against the sanctioned strength of 11842 in
the FY 2014-15, the actual no. of employees employed by UPPTCL was only 6778.

Ranking of the Utilities after obtaining the corrected values

Having obtained the regressed values of the utilities, the corrected value of the utilities is obtained by
subtracting the largest non-negative integer (obtained as the difference between the regressed values
and the actual values) from the regressed values. The ranking is done based on the ratio of the actual
value and the corrected value of employee expenses. The utility with the maximum value of the ratio
is ranked 1 and the one with the lowest ratio is ranked the last. The ranking if the utilities are given in

the table below:

Table 35: Ranking of the utilities for FY 2013-14

Employee Line Transformation Hegressed] COLS
. Value
Expenses Length Capacity " Rs. Value
(Rs. Crore) (Ckt Km) (MVA) ) (Rs. Crore)
@ 0) Crore) ©)
(d)
1 Uttarakhand 50.61 2981.00 6097.00 87.76 -90.35 -1.79
2 Bihar 86.68 8394.00 9499.00 148.86 -20.26 | -0.34 7
Madhya
3 Pradesh 287.82 | 29009.77 41163.00 465.93 287.82 1.00 1
4 Maharashtra 819.50 43019.81 101547.00 856.75 678.64 0.83 4
5 Rajasthan 1004.25 | 31092.40 53249.00 538.06 359.95 0.36 6
6 Karnataka 711.36 32471.00 50221.85 536.05 357.94 0.50 5
7 Gujarat 596.71 50131.56 68730.00 768.80 590.69 0.99 2
8 Uttar Pradesh 395.28 | 26876.00 63791.00 549.98 371.87 0.94 3
The graphical representation of the COLS method is shown in the figure below:
1200.00 -
y=a+f(x)
1000.00 - B Raj(1004.25)
800.00 - Mah(819.50)
B Kar(711.
600.00 - Guj(596.71)
Y & OLS
400.00 - M Actual
MP(287.82) CcoLS
200.00 -
0.00 T T T T 1
0.00 200.00 400.00 600.00 800.00 1000.00
-200.00 - f(X)
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Figure 23: COLS for the Employee Cost for FY 2013-14

Analysis for FY 2014-15

The following table gives the details of the eight states (DMUs) for the FY 2014-15:

Table 36: Employee Expenses, Line Length & Transformation Capacity of different
states for FY 2014-15

Employee . Transformation
S.No.| State EXI?enzes Ll(réitl‘ggh Capacity

(Rs. Crore) (MVA)
1 Uttarakhand 51.85 3017.00 6582.00
2 Bihar 93.35 8617.00 11560.00
3 Madhya Pradesh 312.22 30194.99 45457.00
4 Maharashtra 848.43 44207.00 105434.00
5 Rajasthan 945.52 32514.17 63378.50
6 Karnataka 804.73 33204.00 52081.50
7 Gujarat 643.98 52531.56 80113.00
8 Uttar Pradesh 396.88 28678.00 68465.00

Following the steps carried out for FY 2013-14, the following ranks are obtained for the FY 2014-15:

Table 37: Ranking of the utilities for FY 2014-15

Employee Line Transformation| Regressed
| Expenses Length Value i

(Rs. Crore) | (Ckt Km) (Rs. Crore)

(@) V)
1 Uttarakhand 51.85 3017.00 6582.00 86.17 -96.10 | -1.8534 8
2 Bihar 93.35 8617.00 11560.00 151.93 -30.34 | -0.3251 7
Madhya
3 Pradesh 312.22 | 30194.99 45457.00 477.49 205.21 0.9455 3
4 Maharashtra 848.43 | 44207.00 105434.00 875.13 692.86 0.8166 4
5 Rajasthan 945.52 32514.17 63378.50 582.52 400.25 0.4233 6
6 Karnataka 804.73 | 33204.00 52081.50 532.19 349.92 0.4348 5
7 Gujarat 643.98 52531.56 80113.00 812.37 630.10 0.9784 2
8 Uttar Pradesh 396.88 | 28678.00 68465.00 579.16 396.88 1.0000 1
The graphical representation of the COLS method is shown in the figure below:
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Figure 24: COLS for the Employee Cost for FY 2014-15

Analysis for FY 2015-16

The following table gives the details of the eight states (DMUs) for the FY 2015-16:

Table 38: Employee Expenses, Line Length & Transformation Capacity of different
states for FY 2015-16

Employee Line Lensth Transforn.lation
State Expenses (Ckt Km) Capacity

(Rs. Crore) (MVA)
1 | Uttarakhand 57.55 3020.00 7872.00
2 | Bihar 98.99 9573.90 14779.90
3 | Madhya Pradesh 326.27 31364.08 49349.00
4 | Maharashtra 927.76 46317.00 110815.00
5 | Rajasthan 941.83 33959.92 68036.00
6 | Karnataka 730.21 33794.00 53734.90
7 | Gujarat 738.43 54665.00 91544.00
8 | Uttar Pradesh 398.98 30151.00 76725.00

Following the steps carried out for FY 2013-14, the following the following ranks are obtained for the
FY 2015-16:
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Table 39: Ranking of the Utilities for FY 2015-16

S.No.| State

Expenses
(Rs. Crore)
(a)

Transformation
Capacity
(MVA)

(c)

Value
(Rs. Crore)
()]

COLS
Value
(Rs.

(e/a)

Ranking

1 | Uttarakhand 57.55 | 3020.00 7872.00 65.47 -136.75 | -2.3763 8
2 | Bihar 98.99 9573.90 14779.90 152.74 -49.48 | -0.4998 7
Madhya
3 | Pradesh 326.27 | 31364.08 49349.00 493.17 290.95 0.8917 3
4 | Maharashtra 927.76 | 46317.00 110815.00 890.35 688.13 0.7417 4
5 | Rajasthan 941.83 | 33959.92 68036.00 596.86 394.64 0.4190 6
6 | Karnataka 730.21 | 33794.00 53734.90 533.43 331.21 0.4536 5
7 | Gujarat 738.43 | 55456.56 91544.00 886.79 684.57 0.9271 2
8 | Uttar Pradesh 398.98 | 30151.00 76725.00 601.20 398.98 1.0000 1
The graphical representation of the COLS method is shown in the figure below:
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Figure 25: COLS for the Employee Cost for FY 2015-16

4.3 Benchmarking of R&M Expenses

The benchmarking of the R&M Expenses has been carried out using the Partial Performance
Indicator, Econometric Method using the Cobb Douglas Production Function and the Corrected
Ordinary Least Squares Method.
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a. Partial Performance Indicator

R&M Expense /Ckm

The R&M expense/Ckm of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table
below:

Table 40: R&M Expense/Ckt Km for FY 2013-14

R&M q R&M
S.No.| State Expenses Ll(réitl‘ggh Expense/Ckt Rank
(Rs. Crore) Km
1 Uttarakhand 18.67 2981.00 0.626 7
2 Bihar 59.01 8394.00 0.703 8
3 Madhya Pradesh 51.37 29009.77 0.177 1
4 Maharashtra 193.62 43019.81 0.450 5
5 Rajasthan 103.64 31092.40 0.333 3
6 Karnataka 09.91 32471.00 0.308 2
7 Gujarat 211.84 50131.56 0.423 4
8 Uttar Pradesh 162.70 26876.00 0.605 6

The R&M expense/Ckm of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table
below:

Table 41: R&M Expenses (FY 2014-15)

__kEXpenses  Rank
(Rs. Crore) (Ckt Km) | Expense/Ckm

1 Uttarakhand 16.57 3017.00 0.5492 7
2 Bihar 36.51 8617.00 0.4237 4
3 Madhya Pradesh 58.03 30194.99 0.1922 1
4 Maharashtra 214.05 44207.00 0.4842 6
5 Rajasthan 111.55 32514.17 0.3431 2
6 Karnataka 137.31 33204.00 0.4135 3
7 Gujarat 230.18 52531.56 0.4382 5
8 Uttar Pradesh 195.96 28678.00 0.6833 8

The R&M expense/Ckm of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table
below:

Table 42: R&M Expense/Ckt km for FY 2015-16

R&M
Expense/Ckt Rank

R&M
S.No. State Expenses
(Rs. Crore)

Line Length
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R&M q R&M
S.No.| State Expenses Lime Wi Expense/Ckt Rank
(Rs. Crore)
1 Uttarakhand 25.43 3020.00 0.842 7
2 Bihar 36.17 9573.90 0.378 3
3 Madhya Pradesh 61.69 31364.08 0.197 1
4 Maharashtra 272.89 46317.00 0.589 6
5 Rajasthan 124.12 33959.92 0.365 2
6 Karnataka 153.21 33794.00 0.453 5
7 Gujarat 236.71 55456.56 0.427 4
8 Uttar Pradesh 289.69 30151.00 0.961 8
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Figure 26: R&M Expense/Ckm

It can be seen that the R&M expenses of UPPTCL are on a higher side and the per Ckt km R&M
expenses of UPPTCL was Rs. 0.961 lakh/Ckt km during the FY 2015-16. The rank of UPPTCL is 8
among the eight utilities considered with Madhya Pradesh getting the first rank.

R&M Expense /MVA

The R&M expense/MVA of the seven STUs along with UPPTCL for the FY 2013-14 is given in the
table below:

Table 43: R&M Expense/MVA for FY 2013-14

R&M Transformatio
S.No. State Expenses Capacity
(Rs. Crore)
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R&M Transformatio
S.No.| State Expenses Capacity
(Rs. Crore)

18.67 6097.00 0.306 6
1 Uttarakhand

59.01 9499.00 0.621 8
2 Bihar

51.37 41163.00 0.125 1
3 Madhya Pradesh

193.62 101547.00 0.191 2
4 Maharashtra

103.64 53249.00 0.195 3
5 Rajasthan

99.91 50221.85 0.199 4
6 Karnataka

211.84 68730.00 0.308 7
7 Gujarat

162.70 63791.00 0.255 5
8 Uttar Pradesh

The R&M expense/MVA of the seven STUs along with UPPTCL for the FY 2014-15 is given in the
table below:

Table 44: R&M Expense/MVA for FY 2014-15

Transformatio
Expenses Capacity
(Rs. Crore)
6582. .
1| Uttarakhand 16.57 562.00 0.252 4
11560.00 0.316 8
i 6.51
2 Bihar 3
.00 0.128 1
3 | Madhya Pradesh 58.03 45457
4 Maharashtra 214.05 105434-00 0.203 3
5 | Rajasthan 111.55 63378.50 0.176 2
6 Karnataka 137.31 52081.50 0.264 5
7 Gujarat 230.18 80113.00 0.287 7
68465.00 0.286 6
8 Uttar Pradesh 195.96 4065

The R&M expense/MVA of the seven STUs along with UPPTCL for the FY 2015-16 is given in the
table below:
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Table 45: R&M Expense/MVA for FY 2015-16

R&M Transformatio R&M
S.No. State Expenses Capaci Rank
Expense/MV. -
(Rs. Crore)

25.43 7872.00 0.323 7
1 Uttarakhand
36.17 14779.90 0.245 3
2 Bihar
61.69 49349.00 0.125 1
3 Madhya Pradesh
272.89 110815.00 0.246 4
4 Maharashtra
124.12 68036.00 0.182 2
5 Rajasthan
153.21 53734.90 0.285 6
6 Karnataka
236.71 91544.00 0.259 5
7 Gujarat
289.69 76725.00 0.378 8
8 Uttar Pradesh
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Figure 27: R&M Expense/MVA

The R&M expenses of UPPTCL are on a higher side and during the FY 2015-16 UPPTCL registered the
highest R&M cost among all the utilities. Hence, the R&M expenses/MVA of UPPTCL are highest
during the FY 2015-16 among all the utilities.
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R&M Expense /MU

The R&M expense/MU of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table
below:

Table 46: R&M Expense/MU for FY 2013-14

R&M Energy R&M
S.No.| State Expenses Transmitted E vy~ Rank
(Rs. Crore) (MU) E
18.67 13227.00 0.141 2
1 Uttarakhand
59.01 13786.16 0.428 8
2 Bihar
51.37 50300.00 0.102 1
3 Madhya Pradesh
193.62 117289.13 0.165 4
4 Maharashtra
103.64 63851.02 0.162 3
5 Rajasthan
99.01 56733.00 0.176 5
6 Karnataka
211.84 70712.07 0.300 7
7 Gujarat
162.70 77760.69 0.209 6
8 Uttar Pradesh

The R&M expense/MU of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table
below:

Table 47: R&M Expense/MU for FY 2014-15

R&M Energy
S.No. State Expenses Transmitted Ex (1;?;1(\3’[ MU Rank
(Rs. Crore) (MU)

1 Uttarakhand 16.57 13612.23 0.1217 2
16986.53 0.2149 5
i 6.51
2 Bihar 3
206.00 0.1051 1
3 | Madhya Pradesh 58.03 95 5
4 Maharashtra 214.05 130107.38 0.1645 3
5 | Rajasthan 111.55 67257.92 0.1659 4
6 | Karnataka 137.31 59420.35 0.2311 6
78933.59 0.2916 8
j 230.18
7 Gujarat
82413.86 0.2278
8 | Uttar Pradesh 195.96 413 37 7
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The R&M expense/MU of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table
below:

Table 48: R&M Expense/MU for FY 2015-16

R&M Energy

5 R&M
S.No.| State (E};f)g;l(s)g:) Transmitted Expense/MU Rank
25.43 13734.00 0.144 7
1 Uttarakhand
36.17 21485.35 0.111 4
2 Bihar
61.69 59335.00 0.090 2
3 Madhya Pradesh
272.89 136215.34 0.146 8
4 Maharashtra
124.12 75567.74 0.140 6
5 Rajasthan
153.21 61957.51 0.137 5
6 Karnataka
236.71 84889.83 0.110 3
7 Gujarat
289.69 88402.14 0.041 1
8 Uttar Pradesh
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Figure 28: R&M Expense/MU

The UPPTCL is ranked no. 1 during FY 2015-16 in terms of R&M Expense/MU due to the fact that the
energy transmitted by it is second highest among all the utilities during FY 2015-16.
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R&M Expense /MW

The R&M expense/MW of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table

below:

Table 49: R&M Expense/MW for FY 2013-14

Peak Demand

(ﬁ’s‘pf:?ﬁﬁ:) (MW) Expense/Mw| Rank

18.67 1826.00 1.022 4
1 Uttarakhand

59.01 2465.00 2.394 8
2 Bihar

51.37 9716.00 0.529 1
3 Madhya Pradesh

193.62 19276.00 1.004 2
4 Maharashtra

103.64 10047.00 1.032 5
5 Rajasthan

99.91 9940.00 1.005 3
6 Karnataka

211.84 12201.00 1.736 7
7 Gujarat

162.70 13089.00 1.243 6
8 Uttar Pradesh

The R&M expense/MW of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table

below:

Table 50: R&M Expense/MW for FY 2014-15

1 | Uttarakhand 16.57 1930.00 0.8585 o
Bih 36.51 2994.00 1.2194 5
2 1har
.00 0. 1
3 | Madhya Pradesh 58.03 9755 5949
4 Maharashtra 214.05 20147.00 1.0624 4
5 Rajasthan 111.55 10642.00 1.0482 3
6 | Karnataka 137.31 10001.00 1.3730 7
13603.00 1.6921 8
] 230.18
7 Gujarat
670. ) g
8 Uttar Pradesh 195.96 15670.00 1.2505
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The R&M expense/MW of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table
below:

Table 51: R&M Expense/MW for FY 2015-16

R&M
S.No., State Expenses LEerls Dl Expeltlsng;MW Rank
(Rs. Crore)
25.43 0.144 0.972 8
1 Uttarakhand
36.17 0.111 0.637 3
2 Bihar
61.69 0.090 0.490 2
3 Madhya Pradesh
272.89 0.146 0.946 6
4 Maharashtra
124.12 0.140 0.965 7
5 Rajasthan
153.21 0.137 0.835 5
6 Karnataka
236.71 0.110 0.644 4
7 Gujarat
289.69 0.041 0.212 1
8 Uttar Pradesh
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Figure 29: R&M Expense/ MW

The UPPTCL is ranked no. 1 during FY 2015-16 in terms of R&M Expense/MW due to the fact that the
peak demand met by it is second highest among all the utilities during FY 2015-16.

b. Econometric Method

The selection of variables

Benchmarking of the R&M expenses has been carried out by considering the following variables as
given in the table below:
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Table 52: R&M Expenses, Line Length & Transformation Capacity of different states for

FY 2013-14
R&M . Transformation
Expenses Ll(réitl‘ggh Capacity
(Rs. Crore) ®) (MVA)
(a) (c)
1 | Uttarakhand 18.67 2981.00 6097.00
2 | Bihar 59.01 8394.00 9499.00
3 | Madhya Pradesh 51.37 290009.77 41163.00
4 | Maharashtra 193.62 43019.81 101547.00
5 | Rajasthan 103.64 31092.40 53249.00
6 | Karnataka 09.91 32471.00 50221.85
7 | Gujarat 211.84 50131.56 68730.00
8 | Uttar Pradesh 162.70 26876.00 63791.00

Doing the regression analysis on the values obtained after considering log of the values in table 52 we

obtain the following values:

Table 53: Regression Analysis of R&M Expenses

Regressed
State ING@)  yNmb) || IN@ | Value
(Y (e)
1 | Uttarakhand 2.93 8.00 8.72 3.10
2 | Bihar 4.08 9.04 9.16 3.63
3 | Madhya Pradesh 3.94 10.28 10.63 4.65
4 | Maharashtra 5.27 10.67 11.53 5.15
5 | Rajasthan 4.64 10.34 10.88 4.78
6 | Karnataka 4.60 10.39 10.82 4.77
7 | Gujarat 5.36 10.82 11.14 5.04
8 | Uttar Pradesh 5.09 10.20 11.06 4.80

Having obtained the regressed value the efficiency of the STUs have been obtained in the following

table:

Table 54: Rank Obtained (FY 2013-14)

S.No.| State

1 Uttarakhand

LN (a)
(Y

2.93

LN (b) |

8.00

LN (¢)

8.72

Regressed
Value

(e)

3.10

d/e |

0.95

Rank
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LN (a) Regressed
S.No.| State IN(M) | LN(c) Value d/e | Rank
&2 (e)
2 Bihar 4.08 0.04 9.16 3.63 1.12 8
3 Madhya Pradesh 3.94 10.28 10.63 4.65 0.85 1
4 Maharashtra 5.27 10.67 11.53 5.15 1.02 5
5 Rajasthan 4.64 10.34 10.88 4.78 0.97 4
6 Karnataka 4.60 10.39 10.82 4.77 0.97 3
7 Gujarat 5.36 10.82 11.14 5.04 1.06 7
8 Uttar Pradesh 5.09 10.20 11.06 4.80 1.06 6

It can be seen from the table given above that the rank obtained by UPPTCL is no. 6.
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Figure 30: Efficiency (d/e) of states

Analysis for FY 2014-15

Benchmarking of the R&M Expenses for FY 2014-15 has been carried out by considering the following
variables as given in the table below:

Table 55: R&M Expenses, Line Length & Transformation Capacity of different states for
FY 2014-15

R&M

W Line Len h
_bxpenses Km
(Rs. Crore) (Ckt )

@ (b)

Transformation

_ Capacity
[IAZN)

(D)

6582.00
11560.00

State

3017.00
8617.00

1 Uttarakhand
2 Bihar

16.57
36.51
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R&M . Transformation
Expenses Ll(réitl‘ggh Capacity
(Rs. Crore) (b) (MVA)
(a) (D
3 Madhya Pradesh 58.03 30194.99 45457.00
4 Maharashtra 214.05 44207.00 105434.00
5 Rajasthan 111.55 32514.17 63378.50
6 Karnataka 137.31 33204.00 52081.50
7 Gujarat 230.18 52531.56 80113.00
8 Uttar Pradesh 195.96 28678.00 68465.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the
following table for FY 2014-15:

Table 56: Rank Obtained for FY 2014-15

Regressed
S.No. || State %ﬁ IN®M) || LN (o) Value d/e
(e)
1 Uttarakhand 2.81 8.01 8.79 2.87 0.98 3
2 Bihar 3.60 9.06 9.36 3.38 1.06 8
3 Madhya Pradesh 4.06 10.32 10.72 4.64 0.88 1
4 Maharashtra 5.37 10.70 11.57 5.41 0.99 4
5 Rajasthan 4.71 10.39 11.06 4.94 0.95 2
6 Karnataka 4.92 10.41 10.86 4.76 1.03 5
7 Gujarat 5.44 10.87 11.29 5.16 1.05 7
8 Uttar Pradesh 5.28 10.26 11.13 5.02 1.05 6
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Figure 31: Efficiency (d/e) of states
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Analysis for FY 2015-16

Benchmarking of the R&M Expenses for FY 2015-16 has been carried out by considering the following
variables as given in the table below:

Table 57: R&M Expenses, Line Length & Transformation Capacity of different states for

FY 2015-16
R&M . Transformation
Expenses Ll(réitl‘ggh Capacity
(Rs. Crore) (MVA)
1 Uttarakhand 25.43 3020.00 7872.00
2 Bihar 36.17 9573.90 14779.90
3 Madhya Pradesh 61.69 31364.08 49349.00
4 Maharashtra 272.89 46317.00 110815.00
5 Rajasthan 124.12 33959.92 68036.00
6 Karnataka 153.21 33794.00 53734.90
7 Gujarat 236.71 55456.56 91544.00
8 Uttar Pradesh 289.69 30151.00 76725.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the
following table for FY 2015-16:

Table 58: Rank Obtained for FY 2015-16

LN (a) Regressed
I‘ LN (b) LN (C) V(aell)le
1 Uttarakhand 3.24 8.01 8.97 3.27 | 0.9896 4
2 Bihar 3.59 9.17 9.60 3.46 1.0379 5
3 Madhya Pradesh 4.12 10.35 10.81 4.62 | 0.8925 1
4 Maharashtra 5.61 10.74 11.62 5.72 0.9811 3
5 Rajasthan 4.82 10.43 11.13 5.11 | 0.9428 2
6 Karnataka 5.03 10.43 10.89 4.71 1.0688 8
7 Gujarat 5.47 10.92 11.42 5.24 1.0425 6
8 Uttar Pradesh 5.67 10.31 11.25 5.42 | 1.0467 7
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Figure 32: Efficiency (d/e) of states

c. Corrected Ordinary Least Square Analysis

The Corrected Ordinary Least Square Method has been used along with regression analysis to arrive

at the desired results.

Establishment of Data Management Units (DMUs)

The Data Management Units have been established by considering the R&M cost along with the
Circuit Kilometers (Ckt Km) and the Transformation Capacity (MVA). The R&M cost is the input cost
and the Circuit Kilometers (Ckt Km) and Transformation Capacity (MVA) are the output achieved.
The following table gives the details of the eight states (DMUs) considered for the benchmarking

study:
Table 59: R&M Expenses, Line Length & Transformation Capacity of different states for
FY 2013-14
R&M Expenses Line Length W
_ Capacity
(Rs. Crore) (Ckt Km) (MVA)
1 Uttarakhand 18.67 2981.00 6097.00
2 Bihar 59.01 8394.00 9499.00
3 Madhya Pradesh 51.37 29009.77 41163.00
4 Maharashtra 193.62 43019.81 101547.00
5 Rajasthan 103.64 31092.40 53249.00
6 Karnataka 99.91 32471.00 50221.85
7 Gujarat 211.84 50131.56 68730.00
8 Uttar Pradesh 162.70 26876.00 63791.00
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Regression Analysis

The R&M expenses have been benchmarked with respect to line length (ckm) and transformation
capacity (MVA) of other State Transmission utilities. Carrying out the multiple regression analysis the
following values are obtained for the R&M expenses as given in the table below:

Table 60: Regression Analysis of R&M Expenses

R&M Transformatio Regressed
Expenses Capacity Value

(Rs. Crore) (MVA) (Rs. Crore)
1 Uttarakhand 18.67 2981.00 6097.00 19.13
2 Bihar 59.01 8394.00 9499.00 31.45
3 Madhya Pradesh 51.37 29009.77 41163.00 103.25
4 Maharashtra 193.62 43019.81 101547.00 203.74
5 Rajasthan 103.64 31092.40 53249.00 122.32
6 Karnataka 99.91 32471.00 50221.85 120.28
7 Gujarat 211.84 50131.56 68730.00 170.33
8 Uttar Pradesh 162.70 26876.00 63791.00 130.27

It can be seen from the table given above that the actual R&M expenses for UPPTCL was Rs. 162.70
Crores for the FY 2013-14. However, after carrying out the regression analysis the employee expenses
comes out to Rs. 130.27 Crores. This difference of Rs. 32.43 Crores indicates that the R&M expenses
of UPPTCL are on a higher side and the same can be decreased by Rs. 32.43 Crores considering the
R&M expenses of other STUs.

Ranking of the Utilities

Having obtained the regressed values of the utilities, the corrected value of the utilities is obtained by
subtracting the largest non-negative integer (obtained as the difference between the regressed values
and the actual values) from the regressed values. The ranking is done based on the ratio of the actual
value and the corrected value of employee expenses. The utility with the maximum value of the ratio
is ranked 1 and the one with the lowest ratio is ranked the last. The ranking if the utilities are given in
the table below:

Table 61: Ranking of the utilities for FY 2013-14

__R&M Transformation| Regressed
Expenses : Value '
State (Rs. (Ckt Km) m . Ranking
_ Crore) ) (d)
- (@) =
1 Uttarakhand 18.67 2981.00 6097.00 19.13 -32.75 | -1.7543
2 Bihar 59.01 8394.00 9499.00 31.45 -20.43 | -0.3463 7
Madhya
3 Pradesh 51.37 | 29009.77 41163.00 103.25 51.37 | 1.0000 1
4 Maharashtra 193.62 43019.81 101547.00 203.74 151.86 0.7843 2
5 Rajasthan 103.64 | 31092.40 53249.00 122.32 70.44 0.6797 4
6 Karnataka 99.91 32471.00 50221.85 120.28 68.40 0.6846 3
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L Transformation  Regressed
s YOOL
S.No | Edilsl& Length Capacity Value
e ) (Ckt Km) (MVA) (Rs. Crore)
Crore) B —
() (d)
7 Gujarat 211.84 50131.56 68730.00 170.33 118.45 0.5592 5
8 Uttar Pradesh 162.70 | 26876.00 63791.00 130.27 78.39 0.4818 6

It can be seen from the table given above that UPPTCL is obtaining the rank no. 6.

The graphical representation of the COLS method is shown in the figure below:

250.00 -
y=a+f(x)
B Guj(211,84)
200.00 + Mah(193.62)
150.00 -
100.00 - Raj(10364) oLS
y 5oy T ¢
M Actual
50.00 - MP(51.37) coLS
0.00 T T T T 1
0.00 50.00 100.00 150.00 200.00 250.00
-50.00 - f(x)

Figure 33: COLS for the R&M Expenses for the FY 2013-14

Analysis for FY 2014-15

The following table gives the details of the eight states (DMUs) for the FY 2014-15:

Table 62: R&M Expenses, Line Length & Transformation Capacity of different states for
the FY 2014-15

R&M L s Transformation
Expenses (Ckt Km) Capacity
(Rs. Crore) (MVA)

1 | Uttarakhand 16.57 3017.00 6582.00
2 | Bihar 36.51 8617.00 11560.00
3 | Madhya Pradesh 58.03 30194.99 45457.00
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R&M . Transformation
Line Length .
Expenses (Ckt Km) Capacity
(Rs. Crore) (MVA)
4 | Maharashtra 214.05 44207.00 105434.00
5 | Rajasthan 111.55 32514.17 63378.50
6 | Karnataka 137.31 33204.00 52081.50
7 | Gujarat 230.18 52531.56 80113.00
8 | Uttar Pradesh 195.96 28678.00 68465.00

Following the steps carried out for FY 2013-14, the following ranks are obtained for the FY 2014-15:

Table 63: Ranking of Utilities for FY 2014-15

Transformation Regressed
. Value
SC .10 (Rs Ranking|
(Rs. Crore) (MVA) )
Crore)
(a) (c) @
Uttarakhand 16.57 | 3017.00 6582.00 11.42 -41.40 | -2.4985 8
2 Bihar 36.51 8617.00 11560.00 26.53 -26.29 | -0.7200
Madhya
3 Pradesh 58.03 | 30194.99 45457.00 110.85 58.03 1.0000 1
4 Maharashtra 214.05 | 44207.00 105434.00 232.89 180.07 0.8412
5 Rajasthan 111.55 | 32514.17 63378.50 145.22 92.40 0.8283
33204.0
6 Karnataka 137.31 0 52081.50 125.97 73.15 0.5327 5
7 Gujarat 230.18 | 52531.56 80113.00 197.36 144.54 0.6280 4
Uttar
8 Pradesh 195.96 | 28678.00 68465.00 149.92 97.10 0.4955 6

The graphical representation of the COLS method is shown in the figure below:
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250.00 -
18)
B Mah(214.05)
200.00 -
150.00 -
100.00 -
y ®0LS
MP(58.03)
50.00 - Actual
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Figure 34: COLS for the R&M Expenses for the FY 2014-15

Analysis for FY 2015-16

The following table gives the details of the

eight states (DMUs) for the FY 2015-16:

Table 64: R&M Expenses, Line Length & Transformation Capacity of different states for
the FY 2015-16

S.No. || State | R&M Expenses Line Length Trarézfs;':;lil;tlo
(Rs. Crore) (Ckt Km) (MVA)
1 Uttarakhand 25.43 3020.00 7872.00
2 Bihar 36.17 9573.90 14779.90
3 Madhya Pradesh 61.69 31364.08 49349.00
4 Maharashtra 272.89 46317.00 110815.00
5 Rajasthan 124.12 33959.92 68036.00
6 Karnataka 153.21 33794.00 53734.90
7 Gujarat 236.71 55456.56 91544.00
8 Uttar Pradesh 289.69 30151.00 76725.00

Following the steps carried out for FY 2013-14, the following ranks are obtained for the FY 2015-16:
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Table 65: Ranking of Utilities for FY 2015-16

R&M Line Transformation
Expenses Length Capacity .
.No.
SNo| State | (p<’Crore)  (CktKm) (MVA) fefay) | | BELIE
@ b ()
1 Uttarakhand 25.43 | 3020.00 7872.00 25.61 -25.65 | -1.0088 8
2 Bihar 36.17 | 9573.90 14779.90 34.06 -17.20 | -0.4756 7
Madhya

3 Pradesh 61.69 | 31364.08 49349.00 108.43 57.16 0.9266 3
4 Maharashtra 272.89 | 46317.00 110815.00 309.97 258.71 | 0.9480 2
5 Rajasthan 124.12 | 33959.92 68036.00 175.38 124.12 1.0000 1
6 Karnataka 153.21 | 33794.00 53734.90 118.84 67.57 0.4410 6
7 Gujarat 236.71 | 55456.56 01544.00 206.49 155.23 0.6558 4
8 Uttar Pradesh 289.69 | 30151.00 76725.00 221.13 160.87 | 0.5864 5
The graphical representation of the COLS method is shown in the figure below:

350.00 ~

y=a+f(x)
300.00 B UP(289.69
B Mah(272.89)
250.00 -
200.00 -
Yy 150.00 -+ & OLS
M Actual
100.00 -+
CoLS
50.00 -
0.00 T T T T T 1
0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00
-50.00 - f(X)

Figure 35: COLS for the R&M Expenses for the FY 2015-16

4.4 Benchmarking of A&G Expenses

The benchmarking of the A&G Expenses has been carried out using the Partial Performance
Indicator, Econometric Method using the Cobb Douglas Production Function and the Corrected
Ordinary Least Squares Method.
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a. Partial Performance Indicator

A&G Expense /Ckm

The A&G expense/Ckm of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table

below:

Table 66: A&G Expense/Ckm for FY 2013-14

Line Length

(g’; g‘;gg:) ﬁ Expense/Cit| Rank
1 | Uttarakhand 12.96 2981.00 0.43475 7
2 | Bihar 7.31 8394.00 0.08703 1
3 | Madhya Pradesh 35.11 29009.77 0.12103 3
4 | Maharashtra 189.76 43019.81 0.44110 8
5 | Rajasthan! 102.64 31092.40 0.33013 6
6 | Karnataka 54.26 32471.00 0.16710 4
7 | Gujarat 86.13 50131.56 0.17181 5
8 | Uttar Pradesh 290.03 26876.00 0.10801 2

The A&G expense/Ckm of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table
below:
Table 67: A&G Expenses/Ckm for FY 2014-15

% Line Length A&G

(Rs. Crore) (Ckt Km) | Expense/Ckm
1 | Uttarakhand 16.59 3017.00 0.5499 8
2 | Bihar 11.66 8617.00 0.1353 2
3 | Madhya Pradesh 41.64 30194.99 0.1379 3
4 | Maharashtra 221.84 44207.00 0.5018 7
5 | Rajasthan2 77.28 32514.17 0.2377 6
6 | Karnataka 70.59 33204.00 0.2126 5
7 | Gujarat 88.43 52531.56 0.1683 4
8 | Uttar Pradesh 34.07 28678.00 0.1188 1

The A&G expense/Ckm of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table

below:

2As per the audited accounts of RVPN for the FY 2014-15, the total A&G expenses were Rs. 287.90 Crore.
However, these include Rs. 210.63 Crore of bad and doubtful written off. The same have not been included in
the benchmarking study as the A&G expenses of other STUs considered for the study do not include the bad and

doubtful written off.
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Table 68: A&G Expense/Ckm for FY 2015-16

A&G .
. Expenses Line Length A&G
_ _Expenses
(lli); g‘l?f,if;) (Ckt Km) Expense/Ckt ‘Rank |

1 | Uttarakhand 19.78 3020.00 0.6550 8
2 | Bihar 23.79 9573.90 0.2485 4
3 | Madhya Pradesh 53.47 31364.08 0.1705 3
4 | Maharashtra 198.44 46317.00 0.4284 7
5 | Rajasthan 105.73 33959.92 0.3114 6
6 | Karnataka 85.18 33794.00 0.2520 5
7 | Gujarat 93.32 55456.56 0.1683 2
8 | Uttar Pradesh 35.96 30151.00 0.1193 1
A&G Expense/Ckm
0.70000
0.60000 / == Uttarakhand
/ == Bihar

0-50000 /¥\< == Madhya Pradesh

0.40000 Maharashtra

0.30000 == Rajasthan

; ; =@ Karnataka

0:20000 M—-:‘- Gujarat

0.10000 — Uttar Pradesh

0.00000 ; ; .

FY 2013-14  FY 2014-15 FY 2015-16

Figure 36: A&G Expense/Ckm

It can be seen that the A&G expenses of UPPTCL are one of the lowest and the per Ckm A&G
expenses of UPPTCL is Rs. 0.1193 lakh/Ckm during the FY 2015-16 which is the lowest among all
the utilities. The rank of UPPTCL is 1 among the eight utilities considered for the study.

A&G Expense /MVA

The A&G expense/MVA of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table
below:

Table 69: A&G Expense/MVA for FY 2013-14

A&G ]
Fenemcae | TIransformatio A&G

__Expenses :

(R Crore) | Capacity (MVA) Expensayva Rank

S.No.

State
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Ex?)icr(l}ses Transf:ormatio A&G Rank |
(Rs. Crore) Capacity (MV. Expense/MV.
12.96 6097.00 0.2126 8
1 | Uttarakhand
7.31 9499.00 0.0769 2
2 | Bihar
35.11 41163.00 0.0853 3
3 | Madhya Pradesh
189.76 101547.00 0.1869 6
4 | Maharashtra
102.64 53249.00 0.1928 7
5 | Rajasthan
54.26 50221.85 0.1080 4
6 | Karnataka
86.13 68730.00 0.1253 5
7 | Gujarat
20.03 63791.00 0.0455 1
8 | Uttar Pradesh

The A&G expense/MVA of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table
below:

Table 70: A&G Expense/MVA for FY 2014-15

A& G | Transformatio e
S.No. State _ Expenses [P @ ‘Rank
(Rs. Crore) (MVA)
1| Uttarakhand 16.59 6582.00 0.25205 8
11560.00 0.10086 3
i .66
2 | Bihar 11
3 | Madhya Pradesh 41.64 45457.00 0.09160 5
4 | Maharashtra 221.84 105434-00 0.21041 7
63378.50 0.12193 5
j 77.28
5 | Rajasthan
52081.50 0.13554 6
6 | Karnataka 70.59
80113.00 0.11038 4
j 88.43
7 | Gujarat
68465. . 6
8 | Uttar Pradesh 34.07 405.00 0.0497 1

The A&G expense/MVA of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table
below:
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Table 71: A&G Expense/MVA for FY 2015-16

A&G Transformatio A&G
S.No. State Expenses Capaci @ Rank
(Rs. Crore) (MVA)

19.78 7872.00 0.2513 8
1 | Uttarakhand

23.79 14779.90 0.1610 6
2 | Bihar

53.47 49349.00 0.1083 3
3 | Madhya Pradesh

198.44 110815.00 0.1791 7
4 | Maharashtra

105.73 68036.00 0.1554 4
5 | Rajasthan

85.18 53734.90 0.1585 5
6 | Karnataka

93.32 91544.00 0.1019 2
7 | Gujarat

35.96 76725.00 0.0469 1
8 | Uttar Pradesh

A&G Expense/MVA

0.300
0.250 * == Uttarakhand
/ —8—Bihar
e —

0.200 %<
0.150 )%J
o By
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0.000 T

FY 2013-14

FY 2014-15

FY 2015-16

== Madhya Pradesh

=>=Maharashtra

== Rajasthan
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Gujarat
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Figure 37: A&G Expense/MVA

The A&G Expenses of UPPTCL is the lowest among all the utilities and the MVA capacity is the third
highest, hence, the per MVA A&G Expense is the lowest among all the utilities during all the three

years.

A&G Expense /MU

The A&G expense/MU of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table

below:
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Table 72: A&G Expense/MU for FY 2013-14

A&G Ener

S.No. State Expenses Transmitted Ex gf;e MU Rank
(Rs. Crore) (0.%10))

12.96 13227.00 0.09798 5
1 | Uttarakhand

7.31 13786.16 0.05299 2
2 | Bihar

35.11 50300.00 0.06980 3
3 | Madhya Pradesh

189.76 117289.13 0.16179 8
4 | Maharashtra

102.64 63851.02 0.16076 7
5 | Rajasthan

54.26 56733.00 0.09564 4
6 | Karnataka

86.13 70712.07 0.12180 6
7 | Gujarat

20.03 77760.69 0.03733 1
8 | Uttar Pradesh

The A&G expense/MU of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table
below:

Table 73: A&G Expense/MU for FY 2014-15

__ Energy
S.No. State | EX enses ~ Transmitted _ A&G ‘Rank
(Rs.Crore) | (Mu) | Expense/MU
13612.2 0.8506
1 | Uttarakhand 16.59 3 3 59 7
2 | Bihar 11.66 16986.53 0.3894 2
55206.00 0.4269 3
3 | Madhya Pradesh 41.64
130107.38 . )
4 | Maharashtra 221.84 30107.3 1.1011
6 . 796
5 | Rajasthan 77.28 7257.92 0.7261 6
20. 0.7058
6 | Karnataka 70.59 59420.35 705 5
8933. 6
7 | Gujarat 88.43 76933-59 0.6501 4
82413.86 0.2174 1
8 | Uttar Pradesh 34.07

The A&G expense/MU of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table
below:
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Table 74: A&G Expense/MU for FY 2015-16

A&G Ener A&G
S.No. State Expenses Transmitted m Rank
_(Rs. Crore) (0.719))
19.78 13734.00 0.14402 7
1 | Uttarakhand
23.79 21485.35 0.11073 4
2 | Bihar
53.47 59335.00 0.09011 2
3 | Madhya Pradesh
198.44 136215.34 0.14568 8
4 | Maharashtra
) 105.73 75567.74 0.13992 6
5 | Rajasthan
85.18 61957.51 0.13747 5
6 | Karnataka
_ 93.32 84889.83 0.10993 3
7 | Gujarat
35.96 88402.14 0.04068 1
8 | Uttar Pradesh

A&G Expense/MU
1.200
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1.000
/ \ == Bihar
0.800 A === Madhya Pradesh

// \\ =>e=Maharashtra
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Figure 38: A&G Expense/MU

The A&G Expenses of UPPTCL is the lowest among all the utilities and the energy transmitted is the
second highest, hence, the per MU A&G Expense is the lowest among all the utilities during all the
three years.

A&G Expense /MW

The A&G expense/MW of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table
below:
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Table 75: A&G Expense/MW for FY 2013-14

A&G

——— . | Peak Demand
S.No. State Expenses (MW) Expense/MW Rank
(Rs. Crore)
12.96 1826.00 0.7097 6
1 | Uttarakhand
7.31 2465.00 0.2964 2
2 | Bihar
35.11 9716.00 0.3614 3
3 | Madhya Pradesh
189.76 19276.00 0.9844 7
4 | Maharashtra
102.64 10047.00 1.0216 8
5 | Rajasthan
54.26 9940.00 0.5459 4
6 | Karnataka
86.13 12201.00 0.7059 5
7 | Gujarat
20.03 13089.00 0.2218 1
8 | Uttar Pradesh

The A&G expense/MW of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table
below:

Table 76: A&G Expense/MW for FY 2014-15

1| Uttarakhand 16.59 1930.00 0.1219 7
2 | Bihar 11.66 2094.00 0.0686 2
3 | Madhya Pradesh 41.64 9755.00 0.0754 3
4 | Maharashtra 221.84 20147.00 0.1705 8
5 | Rajasthan 77.28 10642.00 0.1149 5
6 | Karnataka 70.59 10001.00 0.1188 6
7 | Gujarat 88.43 13603.00 0.1120 4
8 | Uttar Pradesh 34.07 15670.00 0.0413 1

The A&G expense/MW of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table

below:
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Table 77: A&G Expense/MW for FY 2015-16

A&G
————————— | Peak Demand A&G
.No. p Rank |
S.Noj State === (EX 3?3::) (MW) Expense/Mw Rank

19.78 2034.00 0.9725 8
1 Uttarakhand
23.79 3735.00 0.6370 3
2 Bihar
53.47 10902.00 0.4904 2
3 Madhya Pradesh
198.44 20973.00 0.9462 6
4 Maharashtra
105.73 10961.00 0.9646 7
5 Rajasthan
85.18 10202.00 0.8349 5
6 Karnataka
93.32 14495.00 0.6438 4
7 Gujarat
35.96 16988.00 0.2117 1
8 Uttar Pradesh

A&G Expense/MW
1.200
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Figure 39: A&G Expense/ MW

The A&G Expenses of UPPTCL is the lowest among all the utilities and the peak demand met is the
second highest, hence, the per MW A&G Expense is the lowest among all the utilities during all the
three years.

b. Econometric Method

The selection of variables
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Benchmarking of the A&G expenses has been carried out by considering the following variables as
given in the table below:

Table 78: A&G Expenses, Line Length & Transformation Capacity of different states for

FY 2013-14
A&G Expenses | Line Length Trarésforn.lation
(Rs. Crore) = (CktKm) &I{’%fgy

(€:)) (b) )

1 | Uttarakhand 12.96 2981.00 6097.00
2 | Bihar 7.31 8394.00 9499.00
3 | Madhya Pradesh 35.11 29009.77 41163.00
4 | Maharashtra 189.76 43019.81 101547.00
5 | Rajasthan 102.64 31092.40 53249.00
6 | Karnataka 54.26 32471.00 50221.85
7 | Gujarat 86.13 50131.56 68730.00
8 | Uttar Pradesh 29.03 26876.00 63791.00

Doing the regression analysis on the values obtained after considering log of the values in table 78 we
obtain the following values:

Table 79: Regression Analysis of A&G Expenses

Regressed
IN@) | yNm) || IN()|| Value
d) )

1 Uttarakhand 2.56 8.00 8.72 2.19
2 Bihar 1.99 9.04 9.16 2.34
3 Madhya Pradesh 3.56 10.28 10.63 3.77
4 Maharashtra 5.25 10.67 11.53 4.82
5 Rajasthan 4.63 10.34 10.88 4.09
6 Karnataka 3.99 10.39 10.82 3.99
7 Gujarat 4.46 10.82 11.14 4.22
8 Uttar Pradesh 3.37 10.20 11.06 4.39

Having obtained the regressed value the efficiency of the STUs has been obtained in the following

table:
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Table 80: Rank Obtained (FY 2013-14)

Regressed
Value d/e | Rank
(e)
1 Uttarakhand 2.56 8.00 8.72 2.19 1.17 8
2 Bihar 1.99 9.04 9.16 2.34 0.85 2
3 Madhya Pradesh 3.56 10.28 10.63 3.77 0.94 3
4 Maharashtra 5.25 10.67 11.53 4.82 1.09 6
5 Rajasthan 4.63 10.34 10.88 4.09 1.13 7
6 Karnataka 3.99 10.39 10.82 3.99 1.00 4
7 Gujarat 4.46 10.82 11.14 4.22 1.06 5
8 Uttar Pradesh 3.37 10.20 11.06 4.39 0.77 1

It can be seen from the table given above that the rank obtained by UPPTCL is no. 1.
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Analysis for FY 2014-15

Figure 40: Efficiency (d/e) of states

Benchmarking of the A&G Expenses for FY 2014-15 has been carried out by considering the following
variables as given in the table below:

Table 81: A&G Expenses, Line Length & Transformation Capacity of different states for

FY 2014-15

Line Length
(Ckt Km)

A&G Expenses

(Rs. Crore)

Transformation

Capacity

(€:))

1 | Uttarakhand

16.59

(b)

3017.00

(MVA)
(D)

6582.00

2 | Bihar

11.66

8617.00

11560.00
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A&G Expenses | Line Length TI'aI(IISfOI'l’I.latIOIl
| (Rs. Crore) (Ckt Km) (mfg
@ (b) ©)
3 | Madhya Pradesh 41.64 30194.99 45457.00
4 | Maharashtra 221.84 44207.00 105434.00
5 | Rajasthan 77.28 32514.17 63378.50
6 | Karnataka 70.59 33204.00 52081.50
7 | Gujarat 88.43 52531.56 80113.00
8 | Uttar Pradesh 34.07 28678.00 68465.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the

following table for FY 2014-15:

Table 82: Rank Obtained for FY 2014-15

Regressed
S.No.| State Value
(e)
1 Uttarakhand 2.81 8.01 8.79 2.51 1.12 7
2 Bihar 2.46 9.06 9.36 2.70 0.91 2
3 Madhya Pradesh 3.73 10.32 10.72 3.87 0.96 3
4 Maharashtra 5.40 10.70 11.57 4.82 1.12 8
5 Rajasthan 4.35 10.39 11.06 4.29 1.01 4
6 Karnataka 4.26 10.41 10.86 4.01 1.06 6
7 Gujarat 4.48 10.87 11.29 4.34 1.03 5
8 Uttar Pradesh 3.53 10.26 11.13 4.47 0.79 1
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Figure 41: Efficiency (d/e) of states

Analysis for FY 2015-16

Benchmarking of the A&G Expenses for FY 2015-16 has been carried out by considering the following
variables as given in the table below:

Table 83: A&G Expenses, Line Length & Transformation Capacity of different states for
FY 2015-16

A&G Expenses| Line Length Traléifo:l‘glatmn
S.No. | State (Rs. Crore) (Ckt Km) R
(@) (b) (MVA)
(c)

1 Uttarakhand 19.78 3020.00 7872.00
2 Bihar 23.79 9573.90 14779.90
3 Madhya Pradesh 53.47 31364.08 49349.00
4 Maharashtra 198.44 46317.00 110815.00
5 Rajasthan 105.73 33959.92 68036.00
6 Karnataka 85.18 33794.00 53734.90
7 Gujarat 93.32 55456.56 91544.00
8 Uttar Pradesh 35.96 30151.00 76725.00

Following the steps carried out for FY 2014-15, the efficiency of the STUs have been obtained in the
following table for FY 2015-16:
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Table 84: Rank Obtained for FY 2015-16

S.No.| State IN@) | yN®b) LN(c) Rexggﬁzed
(GY (e)
1 Uttarakhand 2.98 8.01 8.97 2.80 1.0656 7
2 Bihar 3.17 9.17 9.60 3.31 | 0.9563 3
3 Madhya Pradesh 3.98 10.35 10.81 4.17 | 0.9532 2
4 Maharashtra 5.29 10.74 11.62 4.70 1.1248 8
5 Rajasthan 4.66 10.43 11.13 4.38 1.0652 6
6 Karnataka 4.44 10.43 10.89 4.23 1.0497 5
7 Gujarat 4.54 10.92 11.42 4.61 0.9837 4
8 Uttar Pradesh 3.58 10.31 11.25 4.43 | 0.8081 1
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Figure 42: Efficiency (d/e) of states

c.Corrected Ordinary Least Squares Method

The Corrected Ordinary Least Squares Method has been used along with regression analysis to arrive

at the desired results.

Establishment of Data Management Units (DMUs)

The Data Management Units have been established by considering the A&G cost along with the
Circuit Kilometers (Ckm) and the Transformation Capacity (MVA). The A&G cost is the input cost and
the Circuit Kilometers (Ckm) and Transformation Capacity (MVA) are the output achieved. The
following table gives the details of the eight states (DMUs) considered for the benchmarking study:
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Table 85: A&G Expenses, Line Length & Transformation Capacity of different states for

FY 2013-14
A&G Expenses | Line Length Mrm.atlon
S.No.| State Capacity
(Rs. Crore) (Ckt Km) (MVA)
1 | Uttarakhand 12.96 2981.00 6097.00
2 | Bihar 7.31 8394.00 9499.00
3 | Madhya Pradesh 35.11 29009.77 41163.00
4 | Maharashtra 189.76 43019.81 101547.00
5 | Rajasthan 102.64 31092.40 53249.00
6 | Karnataka 54.26 32471.00 50221.85
7 | Gujarat 86.13 50131.56 68730.00
8 | Uttar Pradesh 29.03 26876.00 63791.00
Regression Analysis

The A&G expenses have been benchmarked with respect to line length (Ckm) and transformation
capacity (MVA) of other State Transmission utilities. Carrying out the multiple regression analysis the
following values are obtained for the A&G expenses as given in the table below:

Table 86: Regression Analysis of A&G Expenses

A&G . Transformation
S.No.| State Expenses Ll(réitl‘gsh Capacity Rﬁgﬁls::d
(Rs. Crore) (MVA)
1 Uttarakhand 12.96 2981.00 6097.00 -3.52
2 Bihar 7.31 8394.00 9499.00 -0.15
3 Madhya Pradesh 35.11 29009.77 41163.00 48.51
4 Maharashtra 189.76 43019.81 101547.00 155.97
5 Rajasthan 102.64 31092.40 53249.00 70.44
6 Karnataka 54.26 32471.00 50221.85 63.85
7 Gujarat 86.13 50131.56 68730.00 89.04
8 Uttar Pradesh 29.03 26876.00 63791.00 93.06

It can be seen from the table given above that the actual A&G expenses for UPPTCL was Rs. 29.03
Crores for the FY 2013-14. However, after carrying out the regression analysis the A&G expenses
comes out to Rs. 93.06 Crores. This difference of Rs. 64.03 Crores indicates that the A&G expenses of
UPPTCL are on a much lower side as compared to other STUs and the same can be increased by Rs.
64.03 Crores considering the A&G expenses of other STUs.

Ranking of the Utilities

Having obtained the regressed values of the utilities, the corrected value of the utilities is obtained by
subtracting the largest non-negative integer (obtained as the difference between the regressed values
and the actual values) from the regressed values. The ranking is done based on the ratio of the actual
value and the corrected value of employee expenses. The utility with the maximum value of the ratio
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is ranked 1 and the one with the lowest ratio is ranked the last. The ranking if the utilities are given in
the table below:

Table 87: Ranking of the Utilities for FY 2013-14

A&G Transformation COLS
Expenses Capacity Reorlesse Value Ki
(Rs. Crore) (MVA) ViElires (Rs. Crore) Lo 1ng\
IS — N (d)
(a) (c)
1 Uttarakhand 12.96 | 2981.00 6097.00 -3.52 -67.55 | -5.2122 7
2 Bihar 7.31 | 8394.00 9499.00 -0.15 -64.18 | -8.7850 8
Madhya
3 Pradesh 35.11 | 29009.77 41163.00 48.51 -15.52 | -0.4420 6
4 Maharashtra 189.76 | 43019.81 101547.00 155.97 91.94 0.4845 2
5 Rajasthan 102.64 | 31092.40 53249.00 70.44 6.41 | 0.0624 4
6 Karnataka 54.26 | 32471.00 50221.85 63.85 -0.18 | -0.0034 5
7 Gujarat 86.13 | 50131.56 68730.00 89.04 25.01 0.2903 3
8 Uttar Pradesh 29.03 | 26876.00 63791.00 93.06 29.03 1.0000 1
It can be seen from the table given above that UPPTCL is obtaining the rank no. 1.
The graphical representation of the COLS method is shown in the figure below:
250.00 +
y=a+f(x)
200.00 -
B Mah(189.76)
150.00 -+
100.00 -+
y #0LS
50.00 - M Actual
96) coLs
0.00 - Bihar(7.31) ' ' '
0.00 0. 100.00 150.00 200.00
-50.00 -
-100.00 - f(X)

Figure 43: COLS for the A&G Expenses for FY 2013-14

101|Page




BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Analysis for FY 2014-15

The following table gives the details of the eight states (DMUs) for the FY 2014-15:

Table 88: A&G Expenses, Line Length & Transformation Capacity of different states for
the FY 2014-15

A&G Expenses | Line Length Traréifo:l'glatlon
(Rs. Crore) | (CktKm) P A;y

1 Uttarakhand 16.59 3017.00 6582.00
2 Bihar 11.66 8617.00 11560.00
3 Madhya Pradesh 41.64 30194.99 45457.00
4 Maharashtra 221.84 44207.00 105434.00
5 Rajasthan 77.28 32514.17 63378.50
6 Karnataka 70.59 33204.00 52081.50
7 Gujarat 88.43 52531.56 80113.00
8 Uttar Pradesh 34.07 28678.00 68465.00

Following the steps carried out for FY 2013-14, the following ranks are obtained for the utilities for FY

2014-15:

Table 89: Ranking of Utilities for FY 2014-15

. . COLS
SR B it oA (P RSTN (I e
S.No. | State Length Capparaliyy Value (Rs.
== (Ckt Km) (MVA) — | ===
O @) (d) Crore)
- (e)
1 Uttarakhand 16.59 3017.00 6582.00 -1.61 | -74.67 | -4.50 7
2 Bihar 11.66 8617.00 11560.00 0.67 | -72.39 | -6.21 8
3 Madhya Pradesh 41.64 | 30194.99 45457.00 46.46 | -26.60 | -0.64 6
4 Maharashtra 221.84 | 44207.00 105434.00 171.73 08.67 | 0.44 2
5 Rajasthan 77.28 32514.17 63378.50 87.31 14.25 | 0.18 4
6 Karnataka 70.59 | 33204.00 52081.50 57.62 | -15.44 | -0.22 5
7 Gujarat 88.43 52531.56 80113.00 92.78 19.71 | 0.22 3
8 Uttar Pradesh 34.07 | 28678.00 68465.00 107.13 | 34.07 | 1.00 1

The graphical representation of the COLS method is shown in the figure below:
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Figure 44: COLS for the A&G Expenses for FY 2014-15

Analysis for FY 2015-16

The following table gives the details of the eight states (DMUs) for the FY 2015-16:

Table 90: A&G Expenses, Line Length & Transformation Capacity of different states for
the FY 2015-16

State A&G Expenses Line Length Tralézfozgilatwn

_ Capacity

(Rs. Crore) (Ckt Km) (MVA)

1 Uttarakhand 19.78 3020.00 7872.00
2 Bihar 23.79 9573.90 14779.90
3 Madhya Pradesh 53.47 31364.08 49349.00
4 Maharashtra 198.44 46317.00 110815.00
5 Rajasthan 105.73 33959.92 68036.00
6 Karnataka 85.18 33794.00 53734.90
7 Gujarat 93.32 55456.56 91544.00
8 Uttar Pradesh 35.96 30151.00 76725.00

Following the steps carried out for FY 2013-14, the following ranks are obtained for the utilities for
the FY 2015-16:
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Table 91: Ranking of Utilities for FY 2015-16

A&G
Expenses

Line
Length
(Ckt Km)
(b)

Capacity
QAN
(c)

S.No. State

(Rs. Crore)
(@)

Transformation

Regressed
Values

(d)

(e/a)

Ranking

1 Uttarakhand 19.78 3020.00 7872.00 10.78 | -58.22 | -2.9431 8
2 Bihar 23.79 9573.90 14779.90 18.16 | -50.83 | -2.1364 7
Madhya

3 Pradesh 53.47 | 31364.08 49349.00 61.06 -7.93 | -0.1484 6
4 Maharashtra 198.44 | 46317.00 110815.00 150.11 81.12 0.4088 3
5 Rajasthan 105.73 | 33959.92 68036.00 80.18 20.19 0.1909 4
6 Karnataka 85.18 | 33794.00 53734.90 66.68 -2.31 | -0.0271 5
7 Gujarat 93.32 55456.56 01544.00 114.76 45.77 0.4904 2
8 Uttar Pradesh 35.96 | 30151.00 76725.00 104.95 | 35.96 1.0000 1
The graphical representation of the COLS method is shown in the figure below:

250.00 ~

y=a+f(x)

200.00 - B Mah(198.44)

150.00 -+

100.00 + Guj(93.32)

V' & OLS
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P(35.96)
COoLS
0.00 ul\q;9.78) T T T T T 1
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Figure 45: COLS for the A&G Expenses for FY 2015-16
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4.5 Benchmarking of O&M Expenses

The benchmarking of the O&M Expenses (Employee Expense, R&M Expense and A&G Expense) has
been carried out using the Econometric Method using the Cobb Douglas Production Function and the
Corrected Ordinary Least Squares Method.

a. Econometric Method

The selection of variables

Benchmarking of the O&M expenses for FY 2013-14 has been carried out by considering the following
variables as given in the table below:

Table 92: O&M Expenses, Line Length & Transformation Capacity of different states

O&M Expenses Line Length W

State (Rs. Crore) (Ckt Km) WDV—A)L

(a) ) — e

1 Uttarakhand 82.24 2981.00 6097.00
2 Bihar 152.99 8394.00 9499.00
3 Madhya Pradesh 374.30 29009.77 41163.00
4 Maharashtra 1202.88 43019.81 101547.00
5 Rajasthan 1210.53 31092.40 53249.00
6 Karnataka 865.53 32471.00 50221.85
7 Gujarat 894.68 50131.56 68730.00
8 Uttar Pradesh 587.00 26876.00 63791.00

Doing the regression analysis on the values obtained after considering log of the values in table 92 we
obtain the following values:

Table 93: Regression Analysis of O&M Expenses

Regressed
— N LN (b) LN (¢) Value
(e)
1 Uttarakhand 4.41 8.00 8.72 4.40
2 Bihar 5.03 9.04 9.16 5.02
3 Madhya Pradesh 5.93 10.28 10.63 6.37
4 Maharashtra 7.09 10.67 11.53 7.08
5 Rajasthan 7.10 10.34 10.88 6.56
6 Karnataka 6.76 10.39 10.82 6.54
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Regressed
S.No. LN (a) LN (b) Value
i ()
7 Gujarat 6.80 10.82 11.14 6.88
8 Uttar Pradesh 6.38 10.20 11.06 6.63

Having obtained the regressed value the efficiency of the STUs have been obtained in the following
table:

Table 94: Rank Obtained (FY 2013-14)

Regressed
State LIETd()a) LN (b) LN (c) V(a;l)le
1 Uttarakhand 4.41 8.00 8.72 4.40 1.00 6
2 Bihar 5.03 9.04 9.16 5.02 1.00 5
3 Madhya Pradesh 5.93 10.28 10.63 6.37 0.93 1
4 Maharashtra 7.09 10.67 11.53 7.08 1.00 4
5 Rajasthan 7.10 10.34 10.88 6.56 1.08 8
6 Karnataka 6.76 10.39 10.82 6.54 1.03 7
7 Gujarat 6.80 10.82 11.14 6.88 0.99 3
8 Uttar Pradesh 6.38 10.20 11.06 6.63 0.96 2

It can be seen from the table given above that the rank obtained by UPPTCL is no. 2.
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Figure 46: Efficiency (d/e) of states
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Analysis for FY 2014-15

Benchmarking of the O&M expenses for FY 2014-15 has been carried out by considering the following
variables as given in the table below:

Table 95: O&M Expenses, Line Length & Transformation Capacity of different states for

FY 2014-15
. Transformation
O&M Expenses Line Length Capacity
S.No. (Rs. Crore) (Ckt Km) P
QALY
() (b) ©)

1 Uttarakhand 85.01 3017.00 6582.00
2 Bihar 141.52 8617.00 11560.00
3 Madhya Pradesh 411.89 30194.99 45457.00
4 Maharashtra 1284.32 44207.00 105434.00
5 Rajasthan 1134.34 32514.17 63378.50
6 Karnataka 1012.63 33204.00 52081.50
7 Gujarat 062.59 52531.56 80113.00
8 Uttar Pradesh 626.91 28678.00 68465.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the
following table for FY 2014-15:

Table 96: Rank Obtained for FY 2014-15

BN (a) LN(M) | LN(o Revg(flslzed
1 Uttarakhand 4 44 8 o1 8.79 4.39 1.01 6
2 Bihar 4.95 9.06 9.36 5.03 0.99 3
3 Madhya Pradesh 6.02 10.32 10.72 6.38 0.94 1
4 Maharashtra 7.16 10.70 11.57 7.16 1.00 5
5 Rajasthan 7.03 10.39 11.06 6.68 1.05 7
6 Karnataka 6.92 10.41 10.86 6.52 1.06 8
7 Gujarat 6.87 10.87 11.29 6.95 0.99 4
8 Uttar Pradesh 6.44 10.26 11.13 6.73 0.96 2
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Figure 47: Efficiency (d/e) of states

Analysis for FY 2015-16

Benchmarking of the O&M expenses for FY 2015-16 has been carried out by considering the following
variables as given in the table below:

Table 97: O&M Expenses, Line Length & Transformation Capacity of different states for

FU 2015-16
. Transformation
O&M Expenses Line Length Capaci
_ Capacity
(Rs. Crore) (Ckt Km) (MVA)
® (b) ©

1 Uttarakhand 102.76 3020.00 7872.00
2 Bihar 158.95 9573.90 14779.90
3 Madhya Pradesh 441.43 31364.08 49349.00
4 Maharashtra 1399.09 46317.00 110815.00
5 Rajasthan 1171.69 33959.92 68036.00
6 Karnataka 968.59 33794.00 53734.90
7 Gujarat 1068.46 55456.56 91544.00
8 Uttar Pradesh 724.62 30151.00 76725.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the
following table for the FY 2015-16:
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Table 98: Rank Obtained for FY 2015-16

Regressed
IN@) | | iN@m) || ING@) | Value
(d)
(e)
1 Uttarakhand 4.63 8.01 8.97 4.55 1.02 6
2 Bihar 5.07 9.17 9.60 5.20 0.97 3
3 Madhya Pradesh 6.09 10.35 10.81 6.42 0.95 1
4 Maharashtra 7.24 10.74 11.62 7.23 1.00 5
5 Rajasthan 7.07 10.43 11.13 6.74 1.05 7
6 Karnataka 6.88 10.43 10.89 6.50 1.06 8
7 Gujarat 6.97 10.92 11.42 7.04 0.99 4
8 Uttar Pradesh 6.59 10.31 11.25 6.85 0.96 2
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Figure 48: Efficiency (d/e) of states

b. Corrected Ordinary Least Square Method

The Corrected Ordinary Least Square Method has been used along with regression analysis to arrive
at the desired results.
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Establishment of Data Management Units (DMUs)

The Data Management Units have been established by considering the O&M cost along with the
Circuit Kilometers (Ckt Km) and the Transformation Capacity (MVA). The O&M cost is the input cost
and the Circuit Kilometers (Ckt Km) and Transformation Capacity (MVA) are the output achieved.
The following table gives the details of the eight states (DMUs) considered for the benchmarking

study:
Table 99: O&M Expenses, Line Length & Transformation Capacity of different states for
FY 2013-14
. Transformation
O&M Expenses Line Length Capaci
S.No. | State (Rs. Crore) (Ckt Km) Baciy
- (c)
1 Uttarakhand 82.24 2981.00 6097.00
2 Bihar 152.99 8394.00 9499.00
3 Madhya Pradesh 374.30 29009.77 41163.00
4 Maharashtra 1202.88 43019.81 101547.00
5 Rajasthan 1210.53 31092.40 53249.00
6 Karnataka 865.53 32471.00 50221.85
7 Gujarat 894.68 50131.56 68730.00
8 Uttar Pradesh 587.00 26876.00 63791.00
Regression Analysis

The O&M expenses have been benchmarked with respect to line length (ckm) and transformation
capacity (MVA) of other State Transmission utilities. Carrying out the multiple regression analysis the
following values are obtained for the O&M expenses as given in the table below:

Table 100: Regression Analysis of O&M Expenses

Transformation Regressed
O&M Expenses Line Length Capacit Value
S.No.| State | (Rs. Crore) (Ckt Km) pacity (Rs.
(MVA)
(a) (b) ©) Crore)
(d)
1 Uttarakhand 82.24 2081.00 6097.00 103.37
2 Bihar 152.99 8394.00 9499.00 180.16
3 Madhya Pradesh 374.30 29009.77 41163.00 617.69
4 Maharashtra 1202.88 43019.81 101547.00 1216.46
5 Rajasthan 1210.53 31092.40 53249.00 730.82
6 Karnataka 865.53 32471.00 50221.85 720.18
7 Gujarat 894.68 50131.56 68730.00 1028.17
8 Uttar Pradesh 587.00 26876.00 63791.00 773.32
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It can be seen from the table given above that the actual O&M expenses for UPPTCL was Rs. 587.00
Crores for the FY 2013-14. However, after carrying out the regression analysis the O&M expenses
comes out to Rs. 773.32 Crores. This difference of Rs. 186.31 Crores indicates that the O&M expenses
of UPPTCL are on a lower side and the same can be increased by Rs. 186.31 Crores considering the
O&M expenses of other STUs.

Ranking of the Utilities after obtaining the corrected values

Having obtained the regressed values of the utilities, the corrected value of the utilities is obtained by
subtracting the largest non-negative integer (obtained as the difference between the regressed values
and the actual values) from the regressed values. The ranking is done based on the ratio of the actual
value and the corrected value of O&M expenses. The utility with the maximum value of the ratio is
ranked 1 and the one with the lowest ratio is ranked the last. The ranking if the utilities are given in
the table below:

Table 101: Ranking of the utilities for FY 2013-14

Transformation Regressed
. Value
—Comany (Rs Ranking
(Ckt Km) (MVA) :
(b) @) Crore)
(d)
1 Uttarakhand 82.24 2981.00 6097.00 103.37 | -140.03 | -1.70 8
2 Bihar 152.99 8394.00 9499.00 180.16 -63.24 | -0.41 7
3 Madhya Pradesh 374.30 | 29009.77 41163.00 617.69 | 374.30 | 1.00 1
4 Maharashtra 1202.88 43019.81 101547.00 1216.46 | 973.06 | 0.81 4
5 Rajasthan 1210.53 | 31092.40 53249.00 730.82 | 487.43 | 0.40 6
6 Karnataka 865.53 | 32471.00 50221.85 720.18 | 476.79 | 0.55 5
7 Gujarat 894.68 50131.56 68730.00 1028.17 | 784.77 | 0.88 3
8 Uttar Pradesh 587.00 | 26876.00 63791.00 773.32 | 529.92 | 0.90 2

The graphical representation of the COLS method is shown in the figure below:
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Figure 49: COLS for the O&M Cost for FY 2013-14

Analysis for FY 2014-15

The following table gives the details of the eight states (DMUs) for the FY 2014-15:

Table 102: O&M Expenses, Line Length & Transformation Capacity of different states
for FY 2014-15

O&M Expenses Line Length Trarézfo;(r:riltatlon
S.No. | State (Rs. Crore) (Ckt Km) pacity
(MVA)
@) (b) ©)

1 Uttarakhand 85.01 3017.00 6582.00
2 Bihar 141.52 8617.00 11560.00
3 Madhya Pradesh 411.89 30194.99 45457.00
4 Maharashtra 1284.32 44207.00 105434.00
5 Rajasthan 1134.34 32514.17 63378.50
6 Karnataka 1012.63 33204.00 52081.50
7 Gujarat 062.59 52531.56 80113.00
8 Uttar Pradesh 626.91 28678.00 68465.00

Following the steps carried out for FY 2013-14, the following ranks are obtained for the FY 2014-15:
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Table 103: Ranking of the utilities for FY 2014-15

Line Transformation
Length Capacity .
S.No. | State (Ckt Km) (MVA) Ranking
S (=) R I (D I
1 Uttarakhand 85.01 3017.00 6582.00 95.99 | -126.92 | -1.49 8
2 Bihar 141.52 8617.00 11560.00 179.13 -43.78 | -0.31 7
3 Madhya Pradesh 411.89 | 30194.99 45457.00 634.80 411.89 | 1.00 1
4 Maharashtra 1284.32 | 44207.00 105434.00 1279.75 | 1056.84 | 0.82 4
5 Rajasthan 1134.34 32514.17 63378.50 815.05 592.14 | 0.52 5
6 Karnataka 1012.63 | 33204.00 52081.50 715.79 | 492.88 | 0.49 6
7 Gujarat 962.59 52531.56 80113.00 1102.50 | 879.60 | 0.91 3
8 Uttar Pradesh 626.91 | 28678.00 68465.00 836.21 613.30 | 0.98 2
The graphical representation of the COLS method is shown in the figure below:
1400.00 -~
y=a+f(x) Mah(1284.32)
1200.00 -
B Raj(1134.34)
1000.00 - B Kar(1012, 62.59)
800.00 -
600.00
@ OLS
: MP(411.89
400.00 ( ) B Actual
200.00 - CoLs
000 ) T T T T T 1
0.00 MO 400.00 600.00 800.00 1000.00 1200.00 1400.00
-200.00 -
-400.00 - f(X)

Figure 50: COLS for the O&M Cost for FY 2014-15

Analysis for FY 2015-16

The following table gives the details of the eight states (DMUs) for the FY 2015-16:

13| Page



BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Table 104: O&M Expenses, Line Length & Transformation Capacity of different states
for FY 2015-16

O&M Expenses Line Length Trar&zfo;(r:riltatlon
S.No/  State (Rs. Crore) (Ckt Km) pacity
(MVA)
(a) (b) ©)

1 Uttarakhand 102.76 3020.00 7872.00
2 Bihar 158.95 9573.90 14779.90
3 Madhya Pradesh 441.43 31364.08 49349.00
4 Maharashtra 1399.09 46317.00 110815.00
5 Rajasthan 1171.69 33959.92 68036.00
6 Karnataka 968.59 33794.00 53734.90
7 Gujarat 1068.46 55456.56 91544.00
8 Uttar Pradesh 724.62 30151.00 76725.00

Following the steps carried out for FY 2013-14, the following the following ranks are obtained for the
FY 2015-16:

Table 105: Ranking of the Utilities for FY 2015-16

% Lglilnﬁ:[h TrarésElfo;‘Bilation &\%
corg | CEED | TR g e
6) ¢) (@

1 Uttarakhand 102.76 3020.00 7872.00 101.86 | -119.36 | -1.16 8
2 Bihar 158.95 9573.90 14779.90 204.97 -16.25 | -0.10 7
3 Madhya Pradesh 441.43 | 31364.08 49349.00 662.65 | 441.43 | 1.00 1
4 Maharashtra 1399.09 | 46317.00 110815.00 1350.43 | 1129.21 | 0.81 4
5 Rajasthan 1171.69 | 33959.92 68036.00 861.42 | 640.20 | 0.55 5
6 Karnataka 968.59 | 33794.00 53734.90 718.95 | 497.73 | 0.51 6
7 Gujarat 1068.46 | 55456.56 91544.00 1208.04 | 986.82 | 0.92 3
8 Uttar Pradesh 724.62 | 30151.00 76725.00 927.28 | 706.06 | 0.97 2

The graphical representation of the COLS method is shown in the figure below:
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Figure 51: COLS for the O&M Cost for FY 2015-16
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4.6 Voltage wise Benchmarking of O&M Expenses

Due to the non-availability of actual voltage wise O&M expenses from any of the STUs considered for
the benchmarking study, the UPPTCL has attempted to compute the same with the help of norms
approved by CERC and the voltage wise actual per unit cost being incurred by the utility in the
maintenance of lines and substations. The actual voltage wise O&M Expenses obtained for the various
utilities is given as follows:

1. Uttar Pradesh

Factor Considered for O&M Expense

Employee E)(Legse R&M Expense Factor for
Expense TASDT (on the basis of O&M
(As per MYT D GFA for FY 2015-
MYT Expense
Norms) oo 16)
line 0.25 0.31 0.40 0.96 32.08%
Substation 0.75 0.69 0.60 2.04 67.92%
Total 3.00

Voltage

Level

Volta

Network
Configuration

Indicative
Per CKM

cost

e wise Factor Considered for O&M Expense

Indicative Capex

Voltage wise
Factor

765 KV 413.56 1.50 620.34 4%
400 KV 4798.58 1.00 4798.58 34%
220 KV 9238.35 0.50 4619.18 33%
132 KV 15699.83 0.25 3924.96 28%
66 KV 0.00 0.18 0.00 0%
Total 30150.322 13963.06
Voltage Network Ltz s N Voltage wise
X . Per MVA | Indicative Capex
Level Configuration cost Factor
Substation ‘ Capacity in MVA
765 KV 2000.00 0.12 233.33 2%
400 KV 11955.00 0.16 1897.62 12%
220 KV 28190.00 0.19 5285.63 35%
132 KV 34580.50 0.23 7780.61 51%
66 KV 0.00 0.30 0.00 0%
Total 76725.50 15197.19
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FY 2015-16
Actual Actual
Volta O&M | 32.08% O&M Benchmarked
Actual Line e wis g Expens | of O&M P Value
Length in CKM Factor e Expens (Rs. Lakh (Rs. Lakh per
(Rs. e per CKM) CKM)
Crore)
724.62 | 232.48
765 KV 413.56 4% 10.33 2.50 2.50
400 KV 4798.583 34% 79.90 1.66 2.15
220 KV 9238.35 33% 76.91 0.83 1.06
132 KV 15699.829 28% 65.35 0.42 0.51
66 KV 0 0% 0.00 - -
Derived
Voltage Actual
Actual . Voltag wise O&M Benchmarked
. Transformatio . o Value
Substation A e wise 67.92% Oo&M Expense
n Capacity in F (Rs. Lakh per
MVA actor of O&M | Expens | (Rs.Lakh MVA)
Expens | e (Rs. | per MVA)
e Crore)
492.14
765 KV 2000.00 2% 7.56 0.38 0.47
400 KV 11955.00 12% 61.45 0.51 0.71
220 KV 28190.00 35% 171.17 0.61 0.83
132 KV 34580.50 51% 251.96 0.73 0.97
66 KV 0.00 0% 0.00 - -
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2. Bihar

Factor Considered for O&M Expense

A&G

Employee e R&M Expense Factor for
Expense o (on the basis of Total O&M
(As per MYT MS?T GFA for FY 2015- Baponce
Norms) o] 16)
line 0.25 0.31 0.27 0.83 27.75%
Substation 0.75 0.69 0.73 2.17 72.25%
Total 3.00

Volta

e wise Factor Considered for O&M Expense

Voltage N(?twork. % Indicative Capex Voltage wise
Level Configuration cost Factor
Line

765 KV 0 1.50 0.00 0%
400 KV 0.00 1.00 0.00 0%
220 KV 2125.64 0.50 1062.82 36%
132 KV 7448.26 0.25 1862.07 64%
66 KV 0.00 0.18 0.00 0%
Total 9573.9 2024.89

Voltage
Level

M Capacity in MVA ég

Network
Configuration

Indicative
Per MVA
cost

Indicative Capex

Voltage wise
Factor

765 KV 0.00 0.12 0.00 0%
400 KV 0.00 0.16 0.00 0%
220 KV 5750.00 0.19 1078.13 35%
132 KV 0029.90 0.23 2031.73 65%
66 KV 0.00 0.30 0.00 0%
Total 14779.90 3109.85
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FY 2015-16
Actual Liziizd
% Voltage Actual Benchmark
) Voltag 277570 | " ise o&M ENCALNATKE
Actual Line e wise of O&M O&M Expense Value
Length in CKM Expens P (Rs. Lakh per
Factor o Expens | (Rs. Lakh CKM)
e (Rs. per CKM)
Crore)
158.95 44.11
765 KV 0 0% 0.00 - -
400 KV 0 0% 0.00 - -
220 KV 2125.64 36% 16.03 0.75 1.09
132 KV 7448.26 64% 28.08 0.38 0.53
66 KV 0 0% 0.00 - -
Derived
Voltage Actual
Actual . Benchmarked
. Transformatio Vol’gag o WIse O&M Value
Substation o . e wise 72.25% Oo&M Expense
n Capacity in Factor of O&M | Expens | (Rs.Lakh (Rs. Lakh per
MVA P ; MVA)
Expens | e (Rs. | per MVA)
e Crore)
114.84
765 KV 0.00 0% 0.00 - -
400 KV 0.00 0% 0.00 - -
220 KV 5750.00 35% 39.81 0.69 0.78
132 KV 9029.90 65% 75.03 0.83 0.99
66 KV 0.00 0% 0.00 - -
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3. Rajasthan

Factor Considered for O&M Expense

A&G

Employee e R&M Expense Factor for
Expense o (on the basis of Total O&M
(As per MYT MS?T GFA for FY 2015- .
Norms) o] 16)
line 0.25 0.31 0.45 1.01 33.75%
Substation 0.75 0.69 0.55 1.99 66.25%
Total 3.00

Volta

e wise Factor Considered for O&M Expense

Voltage N(?twork. % Indicative Capex Voltage wise
Level Configuration cost Factor
Line

765 KV 425.50 1.50 638.25 4%
400 KV 3628.65 1.00 3628.65 24%
220 KV 13724.68 0.50 6862.34 45%
132 KV 16181.09 0.25 4045.27 27%
66 KV 0.00 0.18 0.00 0%
Total 33959.92 15174.51

Voltage
Level

M Capacity in MVA ég

Network
Configuration

Indicative
Per MVA
cost

Indicative Capex

Voltage wise
Factor

765 KV 6000.00 0.12 700.00 5%
400 KV 8410.00 0.16 1334.92 10%
220 KV 33046.00 0.19 61906.13 48%
132 KV 20580.00 0.23 4630.50 36%
66 KV 0.00 0.30 0.00 0%
Total 68036.00 12861.55
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FY 2015-16
Actual Lzl
“O&M o|| Voltage |  Actual | o oo
) Voltag 3375701 T yise o&M enchmarke
Actual Line . Expens | of O&M d Value
. e wise O&M Expense
Length in CKM e Expens (Rs. Lakh per
Factor (Rs o Expens | (Rs. Lakh CKM)
Croré) e (Rs. per CKM)
Crore)
1171.69 | 395.44
765 KV 425.50 4% 16.63 3.01 3.91
400 KV 3628.65 24% 94.56 2.61 2.26
220 KV 13724.68 45% 178.83 1.30 1.03
132 KV 16181.09 27% 105.42 0.65 0.51
66 KV 0.00 0% 0.00 -
Derived
Voltage Actual
Actual . Benchmarke
. Transformatio Vol'Fag o wise O&M d Value
Substation Lo e wise 66.25% Oo&M Expense
n Capacity in F P kh (Rs. Lakh per
MVA actor of O&M | Expens | (Rs.La MVA)
Expens | e (Rs. per MVA)
e Crore)
776.24
765 KV 6000.00 5% 42.25 0.70 0.69
400 KV 8410.00 10% 80.57 0.96 0.73
220 KV 33046.00 48% 373.96 1.13 0.84
132 KV 20580.00 36% 270.47 1.36 0.98
66 KV 0.00 0% 0.00 - -
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4.Gujarat

Factor Considered for O&M Expense

A&G

Employee e R&M Expense Factor for
Expense o (on the basis of Total O&M
(As per MYT MS?T GFA for FY 2015- .
Norms) o] 16)
line 0.25 0.31 0.38 0.94 31.42%
Substation 0.75 0.69 0.62 2.06 68.58%
Total 3.00

Volta

e wise Factor Considered for O&M Expense

Voltage Network Indicative . .. Voltage wise
Level Configuration e Ch Indicative Capex Factor

& cost
Line
765 KV 0 1.50 0.00 0%
400 KV 4300.80 1.00 4300.80 22%
220 KV 17846.73 0.50 8923.37 46%
132 KV 5332.36 0.25 1333.09 7%
66 KV 27976.67 0.18 5035.80 26%
Total 55456.56 19593.06

Voltage
Level

M Capacity in MVA ég

Network
Configuration

Indicative
Per MVA
cost

Indicative Capex

Voltage wise
Factor

765 KV 0.00 0.12 0.00 0%
400 KV 13505.00 0.16 2143.65 10%
220 KV 28690.00 0.19 5379.38 25%
132 KV 8275.00 0.23 1861.88 9%
66 KV 41074.00 0.30 12322.20 57%
Total 91544.00 21707.10
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FY 2015-16
Derived| Actual
Actual
Voltage O&M 31.42% wise
wise Expense | of O&M o&M
Factor (Rs. Expense = Expense
Crore) (Rs.
Crore)

Benchmarke
Value
(Rs. Lakh per
CKM)

Actual Line
Length in CKM

Line Length

1068.46 335.67

765 KV 0 0% 0.00 - -
400 KV 4300.8 22% 73.68 1.71 2.20
220 KV 17846.73 46% 152.88 0.86 1.01
132 KV 5332.36 7% 22.84 0.43 0.54
66 KV 27976.67 26% 86.27 0.31 0.33
Derived | Actual
Actual Voljcage o Benchmarked
. Voltage wise Expense
. Transformation . Value

Substation _ wise O&M (Rs.

Capacity in F o Kh (Rs. Lakh per
MVA actor 68.58% | Expense La MVA)
of O&M (Rs. per
Expense | Crore) MVA)
732.79

765 KV 0.00 0% 0.00 | - -
400 KV 13505.00 10% 72.37 0.54 0.70
220 KV 28690.00 25% 181.60 0.63 0.83
132 KV 8275.00 9% 62.85 0.76 0.99
66 KV 41074.00 57% 415.97 1.01 1.11
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5. Maharashtra

Factor Considered for O&M Expense

A&G

Employee e R&M Expense Factor for
Expense o (on the basis of Total O&M
(As per MYT MS?T GFA for FY 2015- Baponce
Norms) o] 16)
line 0.25 0.31 0.40 0.96 32.08%
Substation 0.75 0.69 0.60 2.04 67.92%
Total 3.00

Volta

e wise Factor Considered for O&M Expense

Voltage N(?twork. % Indicative Capex Voltage wise
Level Configuration cost Factor
Line

765 KV 0 1.50 0.00 0%
400 KV 9729.00 1.00 9729.00 43%
220 KV 16326.00 0.50 8163.00 36%
132 KV 16992.00 0.25 4248.00 19%
66 KV 3270.00 0.18 588.60 3%
Total 46317 22728.60

Voltage
Level

M Capacity in MVA ég

Network
Configuration

Indicative
Per MVA
cost

Indicative Capex

Voltage wise
Factor

765 KV 1500.00 0.12 175.00 1%
400 KV 26977.00 0.16 4282.06 20%
220 KV 49748.00 0.19 9327.75 44%
132 KV 31737.00 0.23 7140.83 34%
66 KV 853.00 0.30 255.90 1%
Total 110815.00 21181.54
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FY 2015-16
Derived | Actual
Actual Voltage
Voltage | O&M 32.08% wise
wise Expense| of O&M  O&M
Factor (Rs. Expense | Expense
Crore) (Rs.
Crore)

Benchmarke
Value
(Rs. Lakh per
CKM)

Actual Line
Length in CKM

Line Length

1399.09 | 448.87

765 KV 0 0% 0.00 - -
400 KV 9729 43% 192.14 1.97 1.70
220 KV 16326 36% 161.21 0.99 1.02
132 KV 16992 19% 83.90 0.49 0.51
66 KV 3270 3% 11.62 0.36 0.41
Derived | Actual
Actual Voltage V%:fe E)?gél;l/lse Benchmarked
. Transformation +a8 P Value
Substation _ wise Oo&M (Rs.
Capacity in F o (Rs. Lakh per
MVA actor 67.92% | Expense Lakh MVA)
of O&M (Rs. per
Expense | Crore) MVA)
950.22
765 KV 1500.00 1% 7.85 0.52 0.44
400 KV 26977.00 20% 192.10 0.71 0.63
220 KV 49748.00 44% 418.45 0.84 0.87
132 KV 31737.00 34% 320.34 1.01 0.97
66 KV 853.00 1% 11.48 1.35 1.51
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6. Karnataka

Factor Considered for O&M Expense

A&G
Employee R&M Expense
Expense % (on the basis of Total Fa(c)té)(;/lfor
(As per MYT —BSDPEL - GEA for FY 2015- | ————
MYT e N Expense
Norms) m 16)
line 0.25 0.31 0.40 0.96 32.08%
Substation 0.75 0.69 0.60 2.04 67.92%
Total 3.00

Volta

ge wise Factor Considered for O&M Expense

Indicative .

TodE conpaton | PerCIOL IndicaiveCapex Voo
Line In CKM
765 KV 0 1.50 0.00 0%
400 KV 2683.00 1.00 2683.00 22%
220 KV 10498.00 0.50 5249.00 42%
132 KV 10171.00 0.25 2542.75 21%
66 KV 10442.00 0.18 1879.56 15%
Total 33794 12354.31
Voltage Network Indicative . .. Voltage wise
Level | Configuration _PerMVA | Indicative Capex Factor

cost -
Substation Ca acity in MVA
765 KV 0.00 0.12 0.00 0%
400 KV 4575.00 0.16 726.19 6%
220 KV 21327.50 0.19 3998.91 33%
132 KV 12396.00 0.23 2789.10 23%
66 KV 15436.40 0.30 4630.92 38%
Total 53734.90 12145.12
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FY 2015-16
Actual
Actual
Voltage 32.08%
wise of O&M
Factor . Expense

Benchmarked
Value
(Rs. Lakh per
CKM)

Actual Line
Length in CKM

Line Length

968.59 310.76

765 KV 0 0% 0.00 - -
400 KV 2683 22% 67.49 2.52 2.35
220 KV 10498 42% 132.03 1.26 1.05
132 KV 10171 21% 63.96 0.63 0.53
66 KV 10442 15% 47.28 0.45 0.38
Derived | Actual
Actual Voltage Va};c:g;e Eggélr\l/lse Benchmarked
. Transformation -8 P Value
Substation _— wise Oo&M (Rs.
Capacity in F o (Rs. Lakh per
MVA actor 67.92% | Expense Lakh MVA)
of O&M (Rs. per
Expense | Crore) MVA)
657.84
765 KV 0.00 0% 0.00 - -
400 KV 4575.00 6% 39.33 0.86 0.75
220 KV 21327.50 33% 216.60 1.02 0.82
132 KV 12396.00 23% 151.07 1.22 0.99
66 KV 15436.40 38% 250.83 1.62 1.36
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~. Uttarakhand

Factor Considered for O&M Expense

Employee ExLeSse R&M Expense Factor for
Expense TASDT (on the basis of Total O&M
(Asper MYT | —PeT | GEA for FY 2015- | — 2@
MYT -~ Expense
Norms) o) . 16)
line 0.25 0.31 0.44 1.00 33.42%
Substation 0.75 0.69 0.56 2.00 66.58%
Total 3.00

Volta

ge wise Factor Considered for O&M Expense

Indicative .
Voltage N(?twork. Per CKM Indicative Capex Voltage wise
Level Configuration T Factor
cost —
Line In CKM
765 KV 0 1.50 0.00 0%
400 KV 388.00 1.00 388.00 31%
220 KV 807.00 0.50 403.50 32%
132 KV 1825.00 0.25 456.25 37%
66 KV 0.00 0.18 0.00 0%
Total 3020 1247.75
Voltage Network Indicative Voltage wise
———F~———~——— | Per MVA Indicative Capex
Level Configuration ———— Factor
cost —
Substation ‘ Capacity in MVA
765 KV 0.00 0.12 0.00 0%
400 KV 1815.00 0.16 288.10 19%
220 KV 2840.00 0.19 532.50 34%
132 KV 3217.00 0.23 723.83 47%
66 KV 0.00 0.30 0.00 0%
Total 7872.00 1544.42
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FY 2015-16
Actual
Actual
Voltage 33.42%
wise of O&M
Factor . Expense

Benchmarked
Value
(Rs. Lakh per
CKM)

Actual Line
Length in CKM

Line Length

102.76 34.34

765 KV 0 0% 0.00 - -
400 KV 388 31% 10.68 2.75 2.56
220 KV 807 32% 11.10 1.38 1.10
132 KV 1825 37% 12.56 0.69 0.55
66 KV 0 0% 0.00 - -
Derived | Actual
Actual Voltage Va};c:g;e Eggélr\l/lse Benchmarked
. Transformation -8 P Value
Substation _— wise Oo&M (Rs.
Capacity in F o (Rs. Lakh per
MVA actor 66.58% | Expense Lakh MVA)
of O&M (Rs. per
Expense | Crore) MVA)
68.42
765 KV 0.00 0% 0.00 - -
400 KV 1815.00 19% 12.76 0.70 0.76
220 KV 2840.00 34% 23.59 0.83 0.78
132 KV 3217.00 47% 32.07 1.00 1.00
66 KV 0.00 0% 0.00 - -
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The actual voltage wise expenses obtained above for all the STUs considered for the study have been
used to obtain the voltage wise benchmark values for the lines and substations. The benchmarked
values of the voltage wise O&M expenses along with the rank obtained by the STUs are given as

follows:

765 KV Line

Line Length
(Ckt Km)

Regressed
Value

(Rs. Lakh per

1 Rajasthan

425.50

3-91

1.00

2 Uttar Pradesh

413.56

2.50

1.00

400 KV Line
Actual O&M Regressed
Line Length Value
S.No. (Ckt Km) (Rs. Lakh per
(b) CKM)
(c)
1 Uttarakhand 2.75 388.00 2.56 2.07 | 0.75 3
2 Maharashtra 1.97 9729.00 1.70 1.21 | 0.61 6
3 Rajasthan 2.61 3628.65 2.26 1.77 | 0.68 5
4 Karnataka 2.52 2683.00 2.35 1.86 | 0.74 4
5 Gujarat 1.71 4300.80 2.20 1.71 | 1.00 2
6 Uttar Pradesh 1.66 4798.58 2.15 1.66 | 1.00 1
220 kV Line
Actual O&M Regressed
Expense Line Length Value
(Rs. Lakh (Ckt Km) (Rs. Lakh per
1 Uttarakhand 1.38 807.00 1.10 0.76 | 0.55 6
2 Bihar 0.75 2125.64 1.09 0.75 | 1.00 1
3 Maharashtra 0.99 16326.00 1.02 0.68 | 0.69 4
4 Rajasthan 1.30 13724.68 1.03 0.69 | 0.53 7
5 Karnataka 1.26 10498.00 1.05 0.71 | 0.56 5
6 Gujarat 0.86 17846.73 1.01 0.67 | 0.78 3
7 Uttar Pradesh 0.83 9238.35 1.06 0.72 | 0.86 2
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132 kV Line
Actual O&M Regressed COLS
Expense Line Length Value Value
(Rs. Lakh (Rs. Lakh
(d)
1 Uttarakhand 0.69 1825.00 0.55 0.39 | 0.57 6
2 Bihar 0.38 7448.26 0.53 0.38 | 1.00 1
3 Maharashtra 0.49 16992.00 0.51 0.35 | 0.71 4
4 Rajasthan 0.65 16181.09 0.51 0.35 | 0.54 7
5 Karnataka 0.63 10171.00 0.53 0.37 | 0.59 5
6 Gujarat 0.43 5332.36 0.54 0.38 | 0.89 2
7 Uttar Pradesh 0.42 15699.83 0.51 0.36 | 0.85 3
66 kV Line
Actual O&M COLS
Expense Line Length Value
State (Rs. Lakh (Ckt Km) (Rs. Lakh @ Ranking
(b) per CKM)
e (D)

1 Karnataka 0.45 10442.00 0.38 0.33 | 0.74 3
2 Gujarat 0.31 27976.67 0.33 0.28 | 0.90 2
3 Maharashtra 0.36 3270 0.41 0.36 | 1.00 1

COLS
Value

(Rs.
Lakh per

Maharashtra 0.52

1500.00

0.44 0.35

0.67 3

2 Rajasthan 0.70

6000.00

0.69 0.60

0.85 2

3 Uttar Pradesh 0.38

2000.00

0.47 0.38

1.00 1
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400 KV Transformation Capacity

Actual Reeressed COLS

Transformation 8 Value

(Rs.

Lakh per

MVA)

(d)
1 Uttarakhand 0.70 1815.00 0.76 0.57 | 0.81 3
2 Maharashtra 0.71 26977.00 0.63 0.43 | 0.61 5
3 Rajasthan 0.96 8410.00 0.73 0.53 | 0.56 6
4 Karnataka 0.86 4575.00 0.75 0.55 | 0.64 4
5 Gujarat 0.54 13505.00 0.70 0.51 | 0.94 2
6 Uttar Pradesh 0.51 11955.00 0.71 0.51 | 1.00 1

220 kV Transformation Capacity

. Regressed _ COLS
oo | Trenomation | Vae | aee
S.No. (RSI.)Lakh (1\51)\7 A)y (Rs. Lakh Lakh per | (d/a) Ranking
per MVA) (b) per(l(\f)v A) | TMVA)
(a) (d)

1 Uttarakhand 0.83 2840.00 0.78 0.556 | 0.67 5
2 Bihar 0.69 5750.00 0.78 0.562 | 0.81 3
3 Maharashtra 0.84 49748.00 0.87 0.651 | 0.77 4
4 Rajasthan 1.13 33046.00 0.84 0.617 | 0.55 7
5 Karnataka 1.02 21327.50 0.82 0.593 | 0.58 6
6 Gujarat 0.63 28690.00 0.83 0.608 | 0.96 2
7 Uttar Pradesh 0.61 28190.00 0.83 0.607 | 1.00 1

132 kV Transformation Capacity

Actual Reeressed COLS
Transformation 8 Value
Capacity (Rs.
Lakh per
MVA)
(d)
1 Uttarakhand 1.00 3217.00 1.00 0.76 | 0.76 4
2 Bihar 0.83 9029.90 0.99 0.75 | 0.91 3
3 Maharashtra 1.01 31737.00 0.97 0.73 | 0.72 5
4 Rajasthan 1.36 20580.00 0.98 0.74 | 0.55 7
5 Karnataka 1.22 12396.00 0.99 0.75 | 0.62 6
6 Gujarat 0.76 8275.00 0.99 0.75 | 0.99 2
7 Uttar Pradesh 0.73 34580.50 0.97 0.73 | 1.00 1
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66 kV Transformation Capacity

State

Actual
O&M

Expense

(Rs. Lakh
per MVA)

Transformation

€))]

1 Karnataka 1.62 15436.40 1.36 1.20 | 0.74 3
2 Gujarat 1.01 41074.00 1.11 0.94 | 0.93 2
3 Maharashtra 1.35 853.00 1.51 1.35 | 1.00 1
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5. Chapters;: Benchmarking of Capital

Expenditure

5.1 Benchmarking of Capital Expenditure

The benchmarking of capital expenditure at various voltage levels was to be carried out as per the
scope of work of the study. However, instead of capital expenditure the benchmarking of
capitalization has been carried out with respect to Line Length and Transformation Capacity as the
actual details of line length and transformation capacity added to the existing network against
amount capitalized in during FY 2014-15 was available.

The benchmarking of the Capitalization has been carried out using the Partial Performance Indicator,

Econometric Method using the Cobb Douglas Production Function and the Corrected Ordinary Least
Squares Method.

a. Partial Performance Indicator

a. Capitalization /Ckm

The Capitalization/Ckm of the five STUs along with UPPTCL for the FY 2013-14 is given in the table
below:

Table 106: Capitalization/Ckm for FY 2013-14

S.No. C?g;taé‘:::;‘)’“ L‘(‘(‘:itLI‘?I‘;‘;’)th Capitalization/Ckm  Rank
1 | Uttarakhand 144.33 21.00 687.29 6
2 | Madhya Pradesh 679.83 1184.77 57.38 1
3 | Maharashtra 1578.00 1187.73 132.86 4
4 | Karnataka 865.97 982.00 88.18 3
5 | Gujarat 1686.79 2159.00 78.13 2
6 | Uttar Pradesh 1317.89 955.00 138.00 5

The Capitalization/Ckm of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table

below:
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Table 107: Capitalization/Ckm for FY 2014-15

Capitalization A.ddition “ e 1o as
State Line Length  Capitalization/Ckm| Rank
(Rs. Crore) (Ckt Km)

1 | Uttarakhand 91.27 36.00 253.53 8
2 | Bihar 375.52 223.00 168.39 7
3 | Madhya Pradesh 591.31 1185.22 49.89 1
4 | Maharashtra 1401.17 1187.20 118.02 5
5 | Rajasthan 1100.88 1421.77 77.43 3
6 | Karnataka 1098.99 733.00 149.93 6
7 | Gujarat 2662.95 2400.00 110.96 4
8 | Uttar Pradesh 1284.68 1802.00 71.29 2

The Capitalization/Ckm of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table

below:

Table 108: Capitalization/Ckm for FY 2015-16

S.No. | C?R;t.aélrzs:g)m Lm(%{;f;l) -~ Capitalization/Ckm
1 Uttarakhand 69.77 3.00 2325.67 8
2 Bihar 79.36 956.90 8.29 1
3 Madhya Pradesh 1349.49 1169.09 115.43 5
4 Maharashtra 2150.70 2110.00 101.93 3
5 Rajasthan 1528.13 1445.75 105.70 4
6 Karnataka 1042.03 590.00 176.61 7
7 Gujarat 2525.45 2025.00 86.34 2
8 Uttar Pradesh 1900.31 1473.00 129.01 6
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Figure 52: Capitalization/Ckm

It can be seen that the per Ckm Capitalization of Bihar is the lowest among all the utilities at Rs. 8.294
lakh/Ckm. The rank of UPPTCL is 6t among the eight utilities considered for the study with it’s per
Ckm capitalization at Rs. 129.010 lakh/Ckm.

b. Capitalization /MVA

The Capitalization/MVA of the seven STUs along with UPPTCL for the FY 2013-14 is given in the
table below:

Table 109: Capitalization/MVA for FY 2013-14

Capitalization
sl (Rs. Crore)

Addition in

Transformatlo Capitalization/MVA Rank
Capaci
144.33 255.00 56.600 6
1 | Uttarakhand
679.83 3413.00 19.919 1
2 | Madhya Pradesh
1578.00 4671.00 33.783 4
3 | Maharashtra
865.97 1859.65 46.566 5
4 | Karnataka
1686.79 6161.50 27.376 3
5 | Gujarat
1317.89 4941.00 26.673 2
6 | Uttar Pradesh

The Capitalization/MVA of the seven STUs along with UPPTCL for the FY 2014-15 is given in the
table below:
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Table 110: Capitalization/MVA for FY 2014-15

Capitalization Transformatio

SNe- | (Rs. Crore) Capacity(MVA) Capitalization/MVA| Rank
85. 8.8
1 | Uttarakhand 91.27 485.00 18.89 ”
2061.00 18.22 3
2 | Bihar 375.52
204.00 1. 5
3 | Madhya Pradesh 591.31 4294 3.77
4 | Maharashtra 1401.17 3887.00 36.05 7
5 | Rajasthan 1100.88 10129.50 10.87 "
6 | Karnataka 1098.99 1859.65 59.10 8
7 | Gujarat 2662.95 11383.00 23-39 5
8 | Uttar Pradesh 1284.68 4674.00 27.49 6

The Capitalization/MVA of the seven STUs along with UPPTCL for the FY 2015-16 is given in the
table below:

Table 111: Capitalization/MVA for FY 2015-16

Capitalization | Transformatio

S.No.| State (Rs. Crore) Capacity (MV Alj Capitalization/MVA | Rank
69.77 1290.00 5.409 2
1 | Uttarakhand
79.36 3219.90 2.465 1
2 | Bihar
1349.49 3892.00 34.673 6
3 | Madhya Pradesh
2150.70 5381.00 39.968 7
4 | Maharashtra
1528.13 4657.50 32.810 5
5 | Rajasthan
1042.03 1653.40 63.023 8
6 | Karnataka
2525.45 11431.00 22.003 3
7 | Gujarat
1900.31 8260.00 23.006 4
8 | Uttar Pradesh
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Figure 53: Capitalization/MVA

The rank of Bihar is no. 1 followed by Uttarakhand during the FY 2015-16. UPPTCL is ranked 4t
among all the utilities considered for the study.

c. Average GFA /MU

The Average GFA/MU of the seven STUs along with UPPTCL for the FY 2013-14 is given in the table
below:

Table 112: Average GFA/MU for FY 2013-14

Average GF Trfrilsifl?i;tyte d Average

(Rs. Crore) (MU) GFA/MU
1 Uttarakhand 906.99 13227.00 0.069 1
2 Bihar 3548.20 13786.16 0.257 8
3 Madhya Pradesh 5884.12 50300.00 0.117 2
4 Maharashtra 18960.86 117289.13 0.162 4
5 Rajasthan 11568.17 63851.02 0.181 6
6 Karnataka 11794.90 56733.00 0.208 7
7 Gujarat 12014.23 70712.07 0.170 5
8 Uttar Pradesh 9252.64 77760.69 0.119 3

The Average GFA /MU of the seven STUs along with UPPTCL for the FY 2014-15 is given in the table
below:
Table 113: Average GFA/MU for FY 2014-15

Energy

Average GFA : Average
S.No. State e G Transmitte GFA/MU Rank

(MU)
1 Uttarakhand 1013.95 13612.23 0.074 1
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| Average GFA Tri?s?;%gte Average

(Rs. Crore) (MU) GFA/MU
2 Bihar 3771.07 16986.53 0.222 8
3 Madhya Pradesh 6488.89 55206.00 0.118 2
4 Maharashtra 20409.70 130107.38 0.157 4
5 Rajasthan 13145.98 67257.92 0.195 6
6 Karnataka 12647.01 59420.35 0.213 7
7 Gujarat 14189.10 78933.59 0.180 5
8 Uttar Pradesh 10417.87 82413.86 0.126 3

The Average GFA/MU of the seven STUs along with UPPTCL for the FY 2015-16 is given in the table

below:

Table 114: Average GFA/MU for FY 2015-16

Average GFA Average
S.No, State e, G
1 Uttarakhand 1083.64 13734.00 0.079 1
2 Bihar 3961.57 21485.35 0.184 4
3 Madhya Pradesh 7459.29 59335.00 0.126 2
4 Maharashtra 25282.48 136215.34 0.186 5
5 Rajasthan 14437.46 75567.74 0.191 6
6 Karnataka 13585.32 61957.51 0.219 8
7 Gujarat 16783.30 84889.83 0.198 7
8 Uttar Pradesh 11860.63 88402.14 0.134 3
Average GFA /MU
0.300
0.250 B =¢— Uttarakhand
=f—Bihar
. —0
0.200 k ==#=Madhya Pradesh
S /i
v =>¢=Maharashtra
0.150 = A
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& "
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> — Gujarat
0.050
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0.000 . .
FY 2013-14 FY 2014-15 FY 2015-16
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Figure 54: Average GFA/MU

The rank of Uttarakhand is no. 1 followed by Madhya Pradesh during the FY 2015-16. UPPTCL is
ranked 3" among all the utilities considered for the study.

d. Average GFA /MW

Table 115: Average GFA/MW for the FY 2013-14

Average GFA Peak Demand Average Rank
(Rs. Crore) (MW) GFA/MW || ————

1 Uttarakhand 906.99 1826.00 0.497 1
2 Bihar 3548.20 2465.00 1.439 8
3 Madhya Pradesh 5884.12 9716.00 0.606 2
4 Maharashtra 18960.86 19276.00 0.984 4
5 Rajasthan 11568.17 10047.00 1.151 6
6 Karnataka 11794.90 0940.00 1.187 7
7 Gujarat 12014.23 12201.00 0.985 5
8 Uttar Pradesh 9252.64 13089.00 0.707 3

Table 116: Average GFA/MW for the FY 2014-15

| Average GFA = Peak Demand ~ Average
(Rs. Crore) GFA/MW
1 Uttarakhand 1013.95 1930.00 0.5254 1
2 Bihar 3771.07 2094.00 1.2595 7
3 Madhya Pradesh 6488.89 9755.00 0.6652 3
4 Maharashtra 20409.70 20147.00 1.0130 4
5 Rajasthan 13145.98 10642.00 1.2353 6
6 Karnataka 12647.01 10001.00 1.2646 8
7 Gujarat 14189.10 13603.00 1.0431 5
8 Uttar Pradesh 10417.87 15670.00 0.6648 2

Table 117: Average GFA/ MW for the FY 2015-16

Average GFA | Peak Demand Average
SNo. | State | " (Rs.Crore) | (MW) | GFA/MW Rank
Uttarakhand 1083.64 2034.00 0.533 1
2 Bihar 3961.57 3735.00 1.061 4
3 Madhya Pradesh 7459.29 10902.00 0.684 2
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Average GFA

Peak Demand Average
.No.
=OND, ’ e “(Rs.Crore) | (MW) | GFA/Mw | — Rank
4 Maharashtra 25282.48 20973.00 1.205 6
5 Rajasthan 14437.46 10961.00 1.317 7
6 Karnataka 13585.32 10202.00 1.332 8
7 Gujarat 16783.30 14495.00 1.158 5
8 Uttar Pradesh 11860.63 16988.00 0.698 3
Average GFA /MU
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Figure 55: Average GFA/MW

The rank of Uttarakhand is no. 1 followed by Madhya Pradesh during the FY 2015-16. UPPTCL is
ranked 34 among all the utilities considered for the study.

b. Econometric Method

The selection of variables

Benchmarking of the Capitalization has been carried out by considering the following variables as
given in the table below:

Table 118: Capitalization, Line Length & Transformation Capacity of different states for

S.No. State

Uttarakhand

FY 2013-14

Capitalization
(Rs. Crore)
(a)

144.33

Addition in
Line Length

Addition in

Transformation

Capacity

AN
(D)

255.00

Madhya Pradesh

679.83

3413.00
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N palifem iy ||, Sl
Capitalization Line Lensth Transformation
S.No. State (Rs. Crore) Capacity
(a) (MVA)
(D)

3 Maharashtra 1578.00 1187.73 4671.00
4 Karnataka 865.97 982.00 1859.65
5 Gujarat 1686.79 2159.00 6161.50
6 Uttar Pradesh 1317.89 955.00 4941.00

Doing the regression analysis on the values obtained after considering log of the values in table 118 we
obtain the following values:

Table 119: Regression Analysis of Capitalization

LN (a) Regressed
State @ IN () LN (c) Value
(D)
1 Uttarakhand 4.97 3.04 5.54 4.97
2 Madhya Pradesh 6.52 7.08 8.14 6.97
3 Maharashtra 7.36 7.08 8.45 7.15
4 Karnataka 6.76 6.89 7.53 6.59
5 Gujarat 7.43 7.68 8.73 7.39
6 Uttar Pradesh 7.18 6.86 8.51 7.16

Having obtained the regressed value the efficiency of the STUs have been obtained in the following
table:

Table 120: Rank Obtained

LN (a) Regressed
State 4{ LN (b) | LN (¢) Value
D | —— 7 —N
()

1 Uttarakhand 4.97 3.04 5.54 4.97 1.00 2
2 Madhya Pradesh 6.52 7.08 8.14 6.97 0.94 1
3 Maharashtra 7.36 7.08 8.45 7.15 1.03 6
4 Karnataka 6.76 6.89 7.53 6.59 1.03 5
5 Gujarat 7.43 7.68 8.73 7.39 1.01 4
6 Uttar Pradesh 7.18 6.86 8.51 7.16 1.00 3

It can be seen from the table given above that the rank obtained by UPPTCL is no. 3.
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== Efficiency (d/e)
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Figure 56: Efficiency (d/e)

Benchmarking of the Capitalization for FY 2014-15 has been carried out by considering the following
variables as given in the table below:

Table 121: Capitalization, Line Length & Transformation Capacity of different states for

FY 2014-15
Capitalization éddltwn n Tr:r(ligfl(:i'(l)lrl:tlilon
ine Length .
(Rs. Crore) (Ckt Km) Capacity
@ (b) (MVA)
(c)
1 Uttarakhand 91.27 36.00 485.00
2 Madhya Pradesh 591.31 1185.22 4294.00
3 Maharashtra 1401.17 1187.20 3887.00
4 Rajasthan 1100.88 1421.77 10129.50
5 Karnataka 1098.99 733.00 1859.65
6 Gujarat 2662.95 2400.00 11383.00
7 Uttar Pradesh 1284.68 1802.00 4674.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the

following table for FY 2014-15:
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Table 122: Rank Obtained for FY 2014-15

Regresse
S.No.| State LN (a) IN(M) | IN(c)|| Value Rank
(Y (e)
1 Uttarakhand 4.51 3.58 6.18 4.50 1.0032
Madhya
2 Pradesh 6.38 7.08 8.36 7.02 0.9089 1
3 Maharashtra 7.25 7.08 8.27 7.03 1.0305 5
4 Rajasthan 7.00 7.26 9.22 7.10 0.9870 3
5 Karnataka 7.00 6.60 7.53 6.72 1.0426 6
6 Gujarat 7.89 7.78 9.34 7.49 1.0530 7
7 Uttar Pradesh 7.16 7.50 8.45 7.34 0.9755 2
Efficiency (d/e)
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Figure 57: Efficiency (d/e)

Benchmarking of the Capitalization for FY 2015-16 has been carried out by considering the following
variables as given in the table below:
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Table 123: Capitalization, Line Length & Transformation Capacity of different states for

FY 2015-16
Capitalization A.ddition L Tr;(ll:fl(:;(::;tlilon
S.No.| State (Rs. Crore) Ll(léitl‘g:sh Capacity
@ (b) AN
(c)
1 Uttarakhand 69.77 3.00 1290.00
2 Madhya Pradesh 1349.49 1169.09 3892.00
3 Maharashtra 2150.70 2110.00 5381.00
4 Rajasthan 1528.13 1445.75 4657.50
5 Karnataka 1042.03 590.00 1653.40
6 Gujarat 2525.45 2025.00 11431.00
7 Uttar Pradesh 1900.31 1473.00 8260.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs has been obtained in the

following table for FY 2015-16:

Table 124: Rank Obtained for FY 2015-16

Regressed
State IN@  1N®b) IN() Value
(d) (e)

1 Uttarakhand 4.25 1.10 7.16 4.25 0.9993 4
2 Madhya Pradesh 7.21 7.06 8.27 7.30 0.9875 1
3 Maharashtra 7.67 7.65 8.59 7.62 1.0072 5
4 Rajasthan 7.33 7.28 8.45 7.42 0.9883 2
5 Karnataka 6.95 6.38 7.41 6.89 1.0088 6
6 Gujarat 7.83 7.98 9.34 7.84 0.9989 3
7 Uttar Pradesh 7.55 7.30 9.02 7.48 1.0099 7
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c. Corrected Ordinary Least Squares Method
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Figure 58: Efficiency (d/e)

The Corrected Ordinary Least Squares Method has been used along with regression analysis to arrive
at the desired results.

Establishment of Data Management Units (DMUSs)

The Data Management Units have been established by considering the Capitalization along with the
Circuit Kilometers (Ckm) and the Transformation Capacity (MVA). The Capitalization is the input
cost and the Circuit Kilometers (Ckm) and Transformation Capacity (MVA) are the output achieved.
The following table gives the details of the six states (DMUs) considered for the benchmarking study:

Table 125: Capitalization, Line Length & Transformation Capacity of different states for

FY 2013-14
. .. . Additionin | -_2dditionin
Capitalizatio . Transformation
| Line Length .
(Rs. Crore) (Ckt Km) Capacity
(MVA)
1 Uttarakhand 144.33 21.00 255.00
2 Madhya Pradesh 679.83 1184.77 3413.00
3 Maharashtra 1578.00 1187.73 4671.00
4 Karnataka 865.97 982.00 1859.65
5 Gujarat 1686.79 2159.00 6161.50
6 Uttar Pradesh 1317.89 955.00 4941.00
Regression Analysis
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The Capitalization has been benchmarked with respect to line length (Ckm) and transformation
capacity (MVA) of other State Transmission utilities. Carrying out the multiple regression analysis the
following values are obtained for the Capitalization as given in the table below:

Table 126: Regression Analysis of Capitalization

Addition Addition in
| Capitalization | in Line | Transformation Regressed

S.No.| State

(Rs. Crore) Length Capacity Values
(Ckt Km) (MVA)
1 Uttarakhand 144.33 21.00 255.00 205.87
2 Madhya Pradesh 679.83 1184.77 3413.00 1019.63
3 Maharashtra 1578.00 1187.73 4671.00 1315.29
4 Karnataka 865.97 082.00 1859.65 642.23
5 Gujarat 1686.79 2159.00 6161.50 1725.48
6 Uttar Pradesh 1317.89 955.00 4941.00 1364.31

It can be seen from the table given above that the actual Capitalization for UPPTCL was Rs. 1317.89
Crores for the FY 2013-14. However, after carrying out the regression analysis the Capitalization
comes out to Rs. 1364.31 Crores. This difference of Rs. 46.42 Crores indicates that the Capitalization
of UPPTCL are on a lower side as compared to other STUs and the same can be increased by Rs. 46.42
Crores considering the Capitalization of other STUs.

Ranking of the Utilities

Having obtained the regressed values of the utilities, the corrected value of the utilities is obtained by
subtracting the largest non-negative integer (obtained as the difference between the regressed values
and the actual values) from the regressed values. The ranking is done based on the ratio of the actual
value and the corrected value of employee expenses. The utility with the maximum value of the ratio
is ranked 1 and the one with the lowest ratio is ranked the last. The ranking if the utilities are given in
the table below:

Table 127: Ranking of the Utilities for FY 2013-14

Addition Addition in COLS
Capitalization| in Line | Transformation| Regressed | Value
(Rs. Crore) Length i Values (Rs. Ranking
(a) ()] Crore)
(e)
1 Uttarakhand 144.33 21.00 255.00 205.87 -133.93 | 0.9280 | 6
Madhya

2 Pradesh 679.83 1184.77 3413.00 1019.63 679.83 | 1.0000 |1
3 Maharashtra 1578.00 1187.73 4671.00 1315.29 975.49 | 0.6182 | 4
4 Karnataka 865.97 982.00 1859.65 642.23 302.43 | 0.3492 | 5
5 Gujarat 1686.79 2159.00 | 6161.50 1725.48 1385.68 | 0.8215 | 2
6 Uttar Pradesh 1317.89 955.00 4941.00 1364.31 1024.51 | 0.7774 | 3
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It can be seen from the table given above that UPPTCL is obtaining the rank no. 3.

The graphical representation of the COLS method is shown in the figure below:
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y=a+f(x)
Guj(1686.79)
1500.00 - )
1000.00 -
OLS
y MP(679.83) ¢
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-500.00 - f(X)

Figure 59: COLS for the FY 2013-14 for Capitalization
Analysis for FY 2014-15

The following table gives the details of the eight states (DMUs) for the FY 2014-15:

Table 128: Capitalization, Line Length & Transformation Capacity of different states for

FY 2014-15

. . . | Additionin Line --Additionin
Capitalization Transformation
State Length —_—

(Rs. Crore) (Ckt Km) Capacity

(MVA)

1 | Uttarakhand 91.27 36.00 485.00
2 | Madhya Pradesh 591.31 1185.22 4294.00
3 | Maharashtra 1401.17 1187.20 3887.00
4 | Rajasthan 1100.88 1421.77 10129.50
5 | Karnataka 1098.99 733.00 1859.65
6 | Gujarat 2662.95 2400.00 11383.00
7 | Uttar Pradesh 1284.68 1802.00 4674.00

Following the steps carried out for FY 2013-14, the following ranking is obtained for the utilities for

the FY 2014-15:
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Table 129: Ranking of Utilities for FY 2014-15

- N Regressed| | COLS
Capitalization A_ddl'_flon Addition m Value Value
. | State (Rs. Crore) | _inLine | Transformation (Rs. f Ranking
) Length Capacity Crore) (e/a)
(Ckt Km) (MVA) (€)
(b) (c)
1 Uttarakhand 91.27 36.00 485.00 62.74 | -453.39 -4.9676 7
Madhya
2 Pradesh 591.31 1185.22 4294.00 1107.44 | 591.31 1.0000 1
3 Maharashtra 1401.17 1187.20 3887.00 1104.93 | 588.80 0.4202 5
4 Rajasthan 1100.88 1421.77 10129.50 1375.10 | 858.97 0.7803 3
5 Karnataka 1098.99 733.00 1859.65 686.61 170.47 0.1551 6
6 Gujarat 2662.95 2400.00 11383.00 2243.64 | 1727.51 0.6487 4
7 Uttar Pradesh 1284.68 1802.00 4674.00 1650.79 | 1134.66 0.8832 2
The graphical representation of the COLS method is shown in the figure below:
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2500.00 -
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1500.00 -~
leO0.00 . & OLS
M Actual
500.00 4 MP(591.31)
CoLS
0.00 K(91.27) : : : .
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Figure 60: COLS for the FY 2014-15 for Capitalization

Analysis for FY 2015-16

The following table gives the details of the eight states (DMUs) for the FY 2015-16:
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Table 130: Capitalization, Line Length & Transformation Capacity of different states for
the FY 2015-16

ere e ws Addition in
Capitalization Addlgg:ll 11}11 Lie Transformation
(Rs. Crore) (Ckt Igétm) Capacity
(MVA)
1 Uttarakhand 69.77 3.00 1290.00
2 Madhya Pradesh 1349.49 1169.09 3892.00
3 Maharashtra 2150.70 2110.00 5381.00
4 Rajasthan 1528.13 1445.75 4657.50
5 Karnataka 1042.03 590.00 1653.40
6 Gujarat 2525.45 2025.00 11431.00
7 Uttar Pradesh 1900.31 1473.00 8260.00

Following the steps carried out for FY 2013-14, the following ranking is obtained for the utilities for
the FY 2015-16:

Table 131: Ranking of utilities for the FY 2015-16

Addition Addition in

Capitalization | in Line Regressed | Value
S.No.| State (Rs. Crore) Length Values (Rs. Ranking
(a) (Ckt Km)
(b)

1 Uttarakhand 69.77 3.00 1290.00 391.90 69.77 | 1.0000 1

Madhya
2 Pradesh 1349.49 1169.09 3892.00 1326.51 | 1004.38 | 0.7443 5
3 Maharashtra 2150.70 2110.00 5381.00 2075.23 | 1753.11 | 0.8151 3
4 Rajasthan 1528.13 1445.75 4657.50 1549.56 | 1227.44 | 0.8032 4
5 Karnataka 1042.03 590.00 1653.40 853.99 531.87 | 0.5104 7
6 Gujarat 2525.45 | 2925.00 11431.00 2765.92 | 2443.79 | 0.9677 2

Uttar
7 Pradesh 1900.31 1473.00 8260.00 1602.76 | 1280.64 | 0.6739 6

The graphical representation of the COLS method is shown in the figure below:
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Figure 61: COLS for the FY 2015-16 for Capitalization
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6. Chapter6: Benchmarking of Technical

Parameters

6.1 Transmission Losses:-

During the transmission of electricity some energy is lost from the transmission system, usually in the

form of heat. This lost energy is known as transmission losses.

6.2 Benchmarking of Transmission Loss:-

Analysis for FY 2013-14

The transmission loss of UPPTCL along with the seven other STUs for the FY 2013-14 has been given

in the following table:

Table 132: Transmission Loss for FY 2013-14

Transmission
Loss (%)
1 Uttarakhand 1.81%
2 Bihar 4.38%
3 Madhya Pradesh 3.00%
4 Maharashtra 4.09%
5 Rajasthan 4.18%
6 Karnataka 3.88%
7 Gujarat 3.95%
8 Uttar Pradesh 4.10%
Transmission Loss (%)
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Analysis for FY 2014-15

The transmission loss of UPPTCL along with the seven other STUs for the FY 2014-15 has been given

in the following table:

Table 133: Transmission Loss for FY 2014-15

Transmission
Loss (%)
1 Uttarakhand 1.78%
2 Bihar 5.11%
3 Madhya Pradesh 2.82%
4 Maharashtra 3.89%
5 Rajasthan 4.11%
6 Karnataka 3.66%
7 Gujarat 3.76%
8 Uttar Pradesh 3.67%
Transmission Loss (%)
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Figure 63: Transmission Loss (%) (FY 2014-15)

Analysis for FY 2015-16

The transmission loss of UPPTCL along with the seven other STUs for the FY 2015-16 has been given

in the following table:
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Table 134: Transmission Loss for FY 2015-16

Transmission
Loss (%)
1 Uttarakhand 1.71%
2 Bihar 4.89%
3 Madhya Pradesh 2.88%
4 Maharashtra 3.92%
5 Rajasthan 3.89%
6 Karnataka 3.53%
7 Gujarat 3.76%
8 Uttar Pradesh 3.59%
Transmission Loss (%)
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Figure 64: Transmission Loss (%) (FY 2015-16)

The benchmarking of the Transmission Losses has been carried out using the Regression Analysis and
the Total Factor Productivity Method.

a. Application of Regression Analysis

Analysis for FY 2013-14

Benchmarking of the Transmission Loss for FY 2013-14 has been carried out by considering the
following variables as given in the table below:

Table 135: Transmission Loss, Line Length, Energy Transmitted and Transformation
Capacity of different states for FY 2013-14

Capaci

Transmission — 3 —
S.No. State | Loss (%) _Length  Trapemitte (MVA)

Line Energy # Transformatio
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Transmission Line e Transformatio
| Loss (%) Length | Trangmitte Capacity
(Ckt Km) (MU) (MVA)
1 Uttarakhand 1.81% 2981.00 13227.00 6097.00
2 Bihar 4.38% 8394.00 13786.16 9499.00
3 Madhya Pradesh 3.00% 29009.77 50300.00 41163.00
4 Maharashtra 4.090% 43019.81 117289.13 101547.00
5 Rajasthan 4.18% 31092.40 63851.02 53249.00
6 Karnataka 3.88% 32471.00 56733.00 50221.85
7 Gujarat 3.95% 49520.00 70712.07 68730.00
8 Uttar Pradesh 4.10% 26876.00 77760.69 63791.00

The Transmission Losses have been benchmarked with respect to line length (Ckm), energy
transmitted (MUs) and transformation capacity (MVA) of other State Transmission utilities. Carrying
out the multiple regression analysis the following values are obtained for the Transmission Losses as
given in the table below:

Table 136: Regressed Values of Transmission Loss for FY 2013-14

Transformatio

e o Line Ener !
Tril(l)ssrsnzg/f)l °%  Length Transmitted Capacity Ri;g:l(:,lsesse d
(Ckt Km) (MU) (MVA)
1 | Uttarakhand 1.81% 2981.00 13227.00 6097.00 3.06%
2 | Bihar 4.38% 8394.00 13786.16 9499.00 3.26%
Madhya
3 | Pradesh 3.00% 20009.77 50300.00 41163.00 3.36%
4 | Maharashtra 4.09% 43019.81 117289.13 101547.00 4.36%
5 | Rajasthan 4.18% 31092.40 63851.02 53249.00 3.57%
6 | Karnataka 3.88% 32471.00 56733.00 50221.85 3.76%
7 | Gujarat 3.95% 49520.00 70712.07 68730.00 4.28%
8 | Uttar Pradesh 4.10% 26876.00 77760.69 63791.00 3.73%

Analysis for FY 2014-15

Table 137: Transmission Loss, Line Length, Energy Transmitted and Transformation
Capacity of different states for FY 2014-15

— Line Transformatio
Transmission —— Energy .
- Loss (%) _Length | Tpangmitte Capaci

(Ckt Km) (MU) (MVA)
1 | Uttarakhand 1.78% 3017.00 13612.23 6582.00
2 | Bihar 5.11% 8617.00 16986.53 11560.00
3 | Madhya Pradesh 2.82% 30194.99 55206.00 45457.00
4 | Maharashtra 3.89% 44207.00 130107.38 105434.00
5 | Rajasthan 4.11% 32514.17 67257.92 63378.50
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Transmissio Line e Transforn.latio
Loss (%) Length | Trangmitte Capacity
(Ckt Km) (MU) (MVA)
Karnataka 3.66% 33204.00 59420.35 52081.50
7 | Gujarat 3.76% 51634.00 789033.59 80113.00
8 | Uttar Pradesh 3.67% 28678.00 82413.86 68465.00

The Transmission Losses have been benchmarked with respect to line length (Ckm), energy
transmitted (MUs) and transformation capacity (MVA) of other State Transmission utilities. Carrying
out the multiple regression analysis the following values are obtained for the Transmission Losses as
given in the table below:

Table 138: Regressed Values of Transmission Loss for FY 2014-15

. . Line Transformatio
Transmission _ Energy . Regressed
Loss (%) Length | Transmitted S anaety rw Values
(Ckt Km) (MU) (MVA)
1 | Uttarakhand 1.78% 3017.00 13612.23 6582.00 3.29%
2 | Bihar 5.11% 8617.00 16986.53 11560.00 3.30%
Madhya
3 | Pradesh 2.82% 30194.99 55206.00 45457.00 3.26%
4 | Maharashtra 3.89% 44207.00 130107.38 105434.00 3.72%
5 | Rajasthan 4.11% 32514.17 67257.92 63378.50 3.99%
6 | Karnataka 3.66% 33204.00 59420.35 52081.50 3.46%
7 | Gujarat 3.76% 51634.00 78933.59 80113.00 4.01%
8 | Uttar Pradesh 3.67% 28678.00 82413.86 68465.00 3.77%

It can be seen from the table given above that considering the transmission losses of other STUs and
their transmission system, the transmission losses of UPPTCL can be 3.77% which means that
considering the national average, the transmission losses of UPPTCL are on a lower side.

Analysis for FY 2015-16

Benchmarking of the Transmission Losses for FY 2015-16 has been carried out by considering the
following variables as given in the table below:

Table 139: Transmission Loss, Line Length, Energy Transmitted and Transformation
Capacity of different states for FY 2015-16

Transmissio Line Energy Transformation

n Loss Length T e Capacity

(%) (th Km) (MU) (MVA)
1 | Uttarakhand 1.71% 3020.00 13734.00 7872.00
2 | Bihar 4.89% 9573.90 21485.35 14779.90

Madhya

3 | Pradesh 2.88% 31364.08 59335.00 49349.00
4 | Maharashtr 3.92% 46317.00 136215.34 110815.00
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Transmissio Line Ener Transformation
n Loss Length Trancmitied Capacity
(%) (Ckt Km) (MU) (MVA)
a
5 | Rajasthan 3.890% 33959.92 75567.74 68036.00
6 | Karnataka 3.53% 33794.00 61957.51 53734.90
7 | Gujarat 3.76% 54665.00 84889.83 91544.00
Uttar
8 | Pradesh 3.59% 30151.00 88402.14 76725.00

The Transmission Losses have been benchmarked with respect to line length (Ckm), energy
transmitted (MUs) and transformation capacity (MVA) of other State Transmission utilities.
Carrying out the multiple regression analysis the following values are obtained for the
Transmission Losses as given in the table below:

Table 140: Regressed Values of Transmission Loss for FY 2015-16

Transformatio

Line

issi Energy =
Tril:)ssglzﬁ/f)l °% " Length Transmitted Capacity R(:;g;l(;sesse d
(Ckt Km) (MU) (MVA)
1 | Uttarakhand 1.71% 3020.00 13734.00 7872.00 3.06%
2 | Bihar 4.89% 9573.90 21485.35 14779.90 3.16%
Madhya
3 | Pradesh 2.88% 31364.08 59335.00 49349.00 3.52%
4 | Maharashtra 3.92% 46317.00 136215.34 110815.00 3.92%
5 | Rajasthan 3.89% 33959.92 75567.74 68036.00 3.58%
6 | Karnataka 3.53% 33794.00 61957.51 53734.90 3.55%
7 | Gujarat 3.76% 54665.00 84889.83 91544.00 3.81%
8 | Uttar Pradesh 3.59% 30151.00 88402.14 76725.00 3.57%

b. Benchmarking using Total Factor Productivity Method

Analysis for FY 2013-14

The total factor productivity of the following State Transmission Utilities (STUs) for the FY 2013-14
has been computed below:

Table 141: Benchmarking of Transmission Loss, Line Length, Energy Transmitted and
Transformation Capacity of different states for FY 2013-14

S.No.| State Transmission Lg;neh Energy Tral(ljs;fo;glatlo Total Factor Rank
=4 === Loss (%) (Ckt Km) Transmitted (MVA) Productivi
(07/19))
Uttarakhand 1.81% 2981.00 13227.00 6097.00 | 0.001940283 7
2 | Bihar 4.38% 8394.00 13786.16 9499.00 | 0.003659958 8
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Transmission Lg;neh Energy Tral(ljs;fo;glatlo Total Factor Rank
Loss (%) Transmitted Productivi
(Ckt Km) (MU) (MVA)
Madhya
3 | Pradesh 3.00% 29009.77 50300.00 41163.00 0.00066587 4
4 | Maharashtra 4.00% 43019.81 117289.13 101547.00 | 0.000405981 1
5 | Rajasthan 4.18% 31092.40 63851.02 53249.00 | 0.000742777 5
6 | Karnataka 3.88% 32471.00 56733.00 50221.85 | 0.000751146 6
7 | Gujarat 3.95% 49520.00 70712.07 68730.00 | 0.000586659 2
8 | Uttar Pradesh 4.10% 26876.00 77760.69 63791.00 | 0.000625621 3

Table 142: The share of the respective input factors

S. Parameter | %age Weightage
No.

1 |Line Length (Ckt Km) - « 12%

2 |Energy Transmitted (MU) - 66%

3 |Transformation Capacity (MVA) -y 22%

The total factor productivity of Uttar Pradesh Power Transmission Corporation
Limited (UPPTCL) is 0.000625621 and is ranked no. 3. The total factor productivity of
Maharashtra is 0.000405981 and is ranked no. 1.

Analysis for FY 2014-15

The total factor productivity of the following State Transmission Utilities (STUs) for the FY 2014-15
has been computed below:

Table 143: Benchmarking of Transmission Loss, Line Length, Energy Transmitted and
Transformation Capacity of different states for FY 2014-15

Transmission| | Line Length Ener, w Total Factor
o TNereniie apacity = Rank
Loss (%) (Ckt Km) Productivity
(MU) (MVA)
1 | Uttarakhand 1.78% 3017.00 13612.23 6582.00 | 0.001838395 7
2 | Bihar 5.11% 8617.00 16986.53 11560.00 | 0.003551881 8
Madhya

3 | Pradesh 2.82% 30194.99 55206.00 45457.00 | 0.000573157 4
4 | Maharashtra 3.89% 44207.00 130107.38 105434.00 | 0.000356448 1
5 | Rajasthan 4.11% 32514.17 67257.92 63378.50 | 0.000675546 5
6 | Karnataka 3.66% 33204.00 59420.35 52081.50 | 0.00067994 6
7 | Gujarat 3.76% 51634.00 78933.59 80113.00 | 0.000499606 2
8 | Uttar Pradesh 3.67% 28678.00 82413.86 68465.00 | 0.000526498 3
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Table 144: The share of the respective input factors

Parameter %age Weightage

1 |Line Length (Ckt Km) - « 12%
2 |Energy Transmitted (MU) - 66%
3 |Transformation Capacity (MVA) -y 22%

The total factor productivity of Uttar Pradesh Power Transmission Corporation
Limited (UPPTCL) is 0.000528633 and is ranked no. 3. The total factor productivity of
Maharashtra is 0.000356448 and is ranked no. 1.

Analysis for FY 2015-16

The total factor productivity of the following State Transmission Utilities (STUs) for the FY 2015-16
has been computed below:

Table 145: Benchmarking of Transmission Loss, Line Length, Energy Transmitted and
Transformation Capacity of different states for FY 2015-16

. . Line Transformatio
Transmission Length Energy 1 Capacity Tote(til Factor
Loss (%) Transmitte Pro uctivi
(Ckt Km) (MU) (WAZY)
1 | Uttarakhand 1.71% 3020.00 13734.00 7872.00 | 0.001687759 7
2 | Bihar 4.89% 9573.90 21485.35 14779.90 | 0.002722929 8
Madhya

3 | Pradesh 2.88% 31364.08 59335.00 49349.00 0.00054565 4
4 | Maharashtra 3.92% 46317.00 136215.34 110815.00 | 0.000342765 1
5 | Rajasthan 3.89% 33959.92 75567.74 68036.00 | 0.000579868 5
6 | Karnataka 3.53% 33794.00 61957.51 53734.90 | 0.000632231 6
7 | Gujarat 3.76% 54665.00 84889.83 91544.00 | 0.000459261 2
8 | Uttar Pradesh 3.59% 30151.00 88402.14 76725.00 0.00047668 3

Table 146: The share of the respective input factors

Parameter %age Weightage
1 |Line Length (Ckt Km) - « 12%
2 |Energy Transmitted (MU) - 66%
3 |Transformation Capacity (MVA) -y 22%

The total factor productivity of Uttar Pradesh Power Transmission Corporation
Limited (UPPTCL) is 0.00047668 and is ranked no. 3. The total factor productivity of
Maharashtra is 0.000342765 and is ranked no. 1.
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6.3 Transmission System Availability:-

The Transmission System Availability for the UPPTCL and the seven other STUs for the FY 2014-15 is
given in the following table:

Table 147: Transmission System Availability for FY 2014-15

Transmission
System
Availability (%)
1 Uttarakhand 99.33%
2 Madhya Pradesh 99.35%
3 Maharashtra 99.73%
4 Rajasthan 99.75%
5 Karnataka 99.81%
6 Gujarat 99.63%
7 Uttar Pradesh 99.64%

It can be seen in the table given above that the transmission system availability of Rajasthan is
highest at 99.75% among all the STUs considered for the study.
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7. Chapter7: Benchmarking of
Operational Parameters

7.1 Classification of Failures of a Transformer:-

Faults can be classified into three classes:
Failure attributed by users
Prolonged over loading
Single phase loading
Un-balanced loading
Faulty terminations
Faulty earth connection to tank body as well as LV terminal
Failures due to external short-circuit
Less maintenance
Improper installation
Failure causes at the manufacturer’s end
Faulty design
Poor quality of material
Bad workmanship
Improper transportation
Sharp edges of conductor
Incomplete drying
Bad insulation covering on conductor
Improper joints or connection
Failure during working condition
Deterioration of oil
Faults in magnetic circuit
Inadequate pre shrinkage of the winding

Inter turn faults
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Fire or Explosion
Line surges
Lightening
Moisture ingress
Major failures in power transformers
Oil leakage
Deterioration of oil
Ventilation failure
Loose clamping
Bushing flashover
Fault in OLTC

Inter-turn fault

7.2 Transformer Failure Rate:-

The transformer failure rate during the FY 2014-15 as obtained from Maharashtra, Gujarat and Uttar

Pradesh is being given in the following table:

Table 148: Transmission Failure Rate

Transformer
Failure Rate
(%)
Maharashtra 1.35%
2 | Gujarat 0.76%
3 | Uttar Pradesh 6.94%
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8. Chapter8: International Benchmarking

8.1 Transmission Network Service Providers in Australia:-

The Transmission Network Service Providers of Australia have been considered as the international
utilities to carry out the benchmarking study. The following four utilities have been considered for the
study:

1. ElectraNet

ElectraNet Pty Ltd is an electricity transmission company in South Australia. It is owned by a
consortium of companies. It operates the high-voltage electricity transmission infrastructure in South
Australia.

2. Powerlink

Powerlink Queensland (formally Queensland Electricity Transmission Corporation
Limited) is anelectricity transmission system operator owned by the Government of
Queensland which operates the high-voltage electricity transmission infrastructure in Queensland.

3. TasNetworks

TasNetworks is a Tasmanian Government-owned corporation that is responsible for electricity
transmission and distribution throughout Tasmania. = TasNetworks is a  participant in
the Australian National Electricity Market (NEM) that operates an interconnected power system that
extends from Queensland to South Australia.

4. TransGrid

TransGrid is the manager and operator of the high voltage electricity transmission network in the
Australian state of New South Wales.

The details of the transmission service providers of Australia considered in this report have been

taken from the data available in the official website of the Australian Energy Regulator (AER).

The value of the O&M Expenses has been provided in Australian Dollars in the AER. For the purpose
of computation in this study, the Australian Dollar has been converted to INR based on the average
exchange rate of the Australian Dollar to the INR for the respective years. The average exchange rate
considered for the period FY 2011-12 to FY 2015-16 is given below:

FY 2011-12 — 1 AUSD = Rs. 47.95
FY 2012-13 — 1 AUSD = Rs. 55.36
FY 2013-14 — 1 AUSD = Rs. 56.54
FY 2014-15 — 1 AUSD = Rs. 55.05
FY 2015-16 — 1 AUSD = Rs. 48.18
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8.2 Transmission Network Details :-

The network details of the four companies along with the energy transmitted, peak demand met and
transmission losses during the period FY 2011-12 to FY 20115-16 is as follows:

A. Line Length

The detail of line length (Ckm) during the last five years of the four companies along with UPPTCL is
given in the following table:

Table 149: Line Length (Ckm)

S.No. | State/Utility FY 2011-12 | FY 2012-13 FY 2013-14 FY 2014-15 | FY 2015-16

1 ElectraNet 5526.07 5527.35 5529.40 5521.35 5524.35
2 Powerlink 13702.40 14313.50 14772.50 14754.50 14755.50
3 TasNetworks 3493.30 3503.19 3503.80 3563.70 3563.70
4 TransGrid 12697.21 12893.62 12929.67 13024.76 13039.20
5 UPPTCL 25301.00 25021.00 26876.00 28678.00 30151.00
Year wise growth in Line Length
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Figure 65: Line Length (Ckm)

B. Transformation Capacity

The detail of transformation capacity (MVA) during the last five years of the four companies along
with UPPTCL is given in the following table:

Table 150: Transformation Capacity (MVA)

State/Utility | FY2011-12] FY=2012-13 | FY2013-14 | \ FY 2014-15 | FY 2015-16
1 ElectraNet 11734.00 12249.00 12519.00 12408.60 12857.60
2 Powerlink 37616.00 40274.00 41033.00 | 42093.00 44377.00
3 TasNetworks 8421.00 8591.50 8606.00 8581.50 8591.00
4 TransGrid 54195.30 54556.30 56144.30 57806.30 57814.08
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' S.No. | State/Utility | FY2011-12] FY2012-13 FY2013 14 || FY 2014-15 | FY 2015-16] |

C. Energy Transmitted (MU)

Figure 66: Transformation Capacity (MVA)
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Year wise growth in Transformation Capacity
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The detail of energy transmitted (MU) during the last five years of the four companies along with
UPPTCL is given in the following table:

Table 151: Energy Transmitted (MU)

S.No. | State/Utility FY 2011-12 FY 2012-13 FY 2013-14 | | FY 2014-15 | FY 2015-16

1 ElectraNet 14062.88 14283.59 13957.00 13455.33 14247.98
2 Powerlink 50878.58 49333.94 47613.58 53087.56 52872.39
3 TasNetworks 12589.84 12866.19 13359.96 13109.62 7019.42
4 TransGrid 68200.00 65200.00 67800.00 | 74400.00 72200.00
5 UPPTCL 70371.05 73897.66 77760.69 82413.86 88402.14
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Year wise growth in Energy Transmitted
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Figure 67: Energy Transmitted (MU)
D. Peak Demand (MW)

The detail of Peak Demand (MVA) during the last five years of the four companies along with
UPPTCL is given in the following table:

Table 152: Peak Demand (MW)

S.No. | State/Utility FY 2011-12 FY 2012-13 FY 2013-14 FY 2014-15 | FY 2015-16

1 ElectraNet 2807.68 2013.56 3115.14 2668.46 2804.48
2 Powerlink 7740.01 7681.44 7637.88 8105.06 8272.12
3 TasNetworks 2264.05 2184.59 2132.00 2143.16 2218.90
4 TransGrid 11900.00 12700.00 12100.00 10900.00 11900.00
5 UPPTCL 12038.00 13940.00 13089.00 15670.00 16988.00

Year wise growth in Peak Demand
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Figure 68: Peak Demand (MW)
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E. Transmission Loss (%)

The detail of Transmission Loss (%) during the last five years of the companies along with UPPTCL is

given in the following table:

Table 153: Transmission Loss (%)

S.No. | State/Utility FY 2011-12 | FY 2012-13 FY 2013-14 FY 2014-15 | FY 2015-16

1 | ElectraNet 2.16% 2.20% 2.54% 2.79% 2.91%
2 | Powerlink 3.02% 3.18% 2.91% 2.85% 2.76%
3 | TasNetworks 2.46% 2.68% 2.70% 2.70% 2.36%
4 | UPPTCL 3.63% 4.08% 4.10% 3.67% 3.59%

Transmission Loss

5.00%
4.00% -7—‘2.‘
- ® == ElectraNet

3.00% -
=== Powerlink
2.00%

==>e=TasNetworks

1.00% =@=UPPTCL

0-00% T T T T 1

Figure 69: Transmission Loss (%)

8.3 Benchmarking of O&M Expenses:-

The benchmarking of the O&M Expenses has been carried out using the Partial Performance

Indicator and Econometric Method using the Cobb Douglas Production Function.

a. Partial Performance Indicator (PPI)

O&M Expense /Ckm

The O&M Expense/Ckm of the eleven STUs along with UPPTCL for the FY 2013-14 is given in the
table below:
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Table 154: O&M Expenses/Ckm for FY 2013-14

O&M Expenses, Line Length o&M
. | State/Utility (Rs. Crore) (Ckt Km) Expenses/C Ranking
(€:)) () ()

1 Uttarakhand 82.24 2981.00 2.76 6
2 Bihar 152.99 8394.00 1.82 3
3 Madhya Pradesh 374.30 29009.77 1.29 1
4 Maharashtra 1202.88 43019.81 2.80 7
5 Rajasthan 1210.53 31092.40 3.89 8
6 Karnataka 865.53 32471.00 2.67 5
7 Gujarat 894.68 50131.56 1.78 2
8 Uttar Pradesh 587.00 26876.00 2.18 4
9 ElectraNet 355.62 5529.40 6.43 11
10 Powerlink 868.04 14772.50 5.88 9
11 TasNetworks 218.65 3503.80 6.24 10
12 TransGrid 842.23 12929.67 6.51 12

The O&M Expense/Ckm of the eleven STUs along with UPPTCL for the FY 2014-15 is given in the
table below:

Table 155: O&M Expenses/Ckm for FY 2014-15

O&M Expenses | Line Length O&M
S.No.| State/Utility (Rs. Crore) (Ckt Km) | Expenses/Ckm
(a) (b) (c)
1 Uttarakhand 85.01 3017.00 2.82 5
2 Bihar 141.52 8617.00 1.64 2
3 Madhya Pradesh 411.89 30194.99 1.36 1
4 Maharashtra 1284.32 44207.00 2.91 6
5 Rajasthan 1134.34 32514.17 3.49 8
6 Karnataka 1012.63 33204.00 3.05 7
7 Gujarat 962.59 52531.56 1.83 3
8 Uttar Pradesh 626.91 28678.00 2.19 4
9 ElectraNet 381.73 5521.35 6.91 12
10 Powerlink 1013.05 14754.50 6.87 11
11 TasNetworks 166.42 3563.70 4.67 9
12 TransGrid 806.70 13024.76 6.19 10

The O&M Expense/Ckm of the eleven STUs along with UPPTCL for the FY 2015-16 is given in the
table below:

168 | Page



BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Table 156: O&M Expenses/Ckm for FY 2015-16

O&M Expenses @ Line Length O&M
S.No. | State/Utility (Rs. Crore) (Ckt Km) Expenses/Ckm
(€:)) (b) (D)
1 Uttarakhand 102.76 3020.00 3.40 7
2 Bihar 158.95 9573.90 1.66 2
3 Madhya Pradesh 441.43 31364.08 1.41 1
4 Maharashtra 1399.09 46317.00 3.02 6
5 Rajasthan 1171.69 33959.92 3.45 8
6 Karnataka 968.59 33794.00 2.87 5
7 Gujarat 1068.46 55456.56 1.93 3
8 Uttar Pradesh 724.62 30151.00 2.40 4
9 ElectraNet 408.12 5524.35 7.39 12
10 Powerlink 1043.74 14755.50 7.07 11
11 TasNetworks 180.32 3563.70 5.06 9
12 TransGrid 812.96 13039.20 6.23 10
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Figure 70: Opex/Ckm

It can be seen that the utility of Madhya Pradesh is having the lowest Opex/Ckm with UPPTCL ranked
at number 4.
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O&M Expense /MVA

The O&M Expense/MVA of the eleven STUs along with UPPTCL for the FY 2013-14 is given in the
table below:

Table 157: O&M Expenses/MVA for FY 2013-14

Transformation
qe Capacity L .
State/Utility (Rs. Crore) (MVA) Expenses/MVA Ranking
@) (b) &)

1 Uttarakhand 82.24 6097.00 1.35 5
2 Bihar 152.99 9499.00 1.61 7
3 Madhya Pradesh 374.30 41163.00 0.91 1
4 Maharashtra 1202.88 101547.00 1.18 3
5 Rajasthan 1210.53 53249.00 2.27 10
6 Karnataka 865.53 50221.85 1.72 8
7 Gujarat 894.68 68730.00 1.30 0
8 Uttar Pradesh 587.00 63791.00 0.92 2
9 ElectraNet 355.62 12519.00 2.84 0
10 Powerlink 868.04 41033.00 2.12 9
11 TasNetworks 218.65 8606.00 2.54 11
12 TransGrid 842.23 56144.30 1.50 6

The O&M Expense/MVA of the eleven STUs along with UPPTCL for the FY 2014-15 is given in the
table below:

Table 158: O&M Expenses/MVA for FY 2014-15

State/Utility

1 Uttarakhand 85.01 6582.00 1.2915 6
2 Bihar 141.52 11560.00 1.2242 5
3 Madhya Pradesh 411.89 45457.00 0.9061 1
4 Maharashtra 1284.32 105434.00 1.2181 4
5 Rajasthan 1134.34 63378.50 1.7898 8
6 Karnataka 1012.63 52081.50 1.9443 10
7 Gujarat 0962.59 80113.00 1.2015 3
8 Uttar Pradesh 626.91 68465.00 0.9157 2
9 ElectraNet 381.73 12408.60 3.0763 12
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Oo&M Transforn.lation O&M
State/Utility (g);?(ej;l(ii:) Cg&%ﬁ;y Expenses/ MVA{ Ranking
(a) (b) &)
10 Powerlink 1013.05 42093.00 2.4067 11
11 TasNetworks 166.42 8581.50 1.9393 9
12 TransGrid 806.70 57806.30 1.3955 7

The O&M Expense/MVA of the eleven STUs along with UPPTCL for the FY 2015-16 is given in the
table below:

Table 159: O&M Expenses/MVA for FY 2015-16

o&M Transforn.lation O&M
S.No. | State/Utility (g);?(ej;l(ii:) Cg&%ﬁ;y Expenses/ MVA{ Ranking
@) (b) 2
1 Uttarakhand 102.76 7872.00 1.31 6
2 Bihar 158.95 14779.90 1.08 3
3 Madhya Pradesh 441.43 49349.00 0.89 1
4 Maharashtra 1399.09 110815.00 1.26 5
5 Rajasthan 1171.69 68036.00 1.72 8
6 Karnataka 968.59 53734.90 1.80 9
7 Gujarat 1068.46 91544.00 1.17 4
8 Uttar Pradesh 724.62 76725.00 0.94 2
9 ElectraNet 408.12 12857.60 3.17 12
10 Powerlink 1043.74 44377.00 2.35 11
11 TasNetworks 180.32 8591.00 2.10 10
12 TransGrid 812.96 57814.08 1.41 7

171|Page




BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

=f— Uttarakhand
=== Bihar
=>e=Madhya Pradesh
=== Maharashtra
=@-Rajasthan

== Karnataka

=== Gujarat

Opex/MVA

3.5000
3.0000
2.5000

—e
2.0000 i
1.5000
1.0000 ‘;
0.5000
0.0000 : .

FY 2013-14 FY 2014-15 FY 2015-16

Uttar Pradesh
ElectraNet
== Powerlink
== TasNetworks
TransGrid

Figure 71: Opex/MVA

It can be seen that the utility of Madhya Pradesh is having the lowest Opex/MVA with UPPTCL

ranked at number 2.

O&M Expense /MU

The O&M Expense/MU of the eleven STUs along with UPPTCL for the FY 2013-14 is given in the table

below:

Table 160: O&M Expenses/MU for FY 2013-14

Oo&M Energy O&M
S.No. | State/Utility DILERER Ui e Expenses/MU
(Rs. Crore) (0\%18) ©)
€:)) (b)
1 Uttarakhand 82.24 13227.00 0.62 1
2 Bihar 152.99 13786.16 1.11 5
3 Madhya Pradesh 374.30 50300.00 0.74 2
4 Maharashtra 1202.88 117289.13 1.03 4
5 Rajasthan 1210.53 63851.02 1.90 11
6 Karnataka 865.53 56733.00 1.53 8
7 Gujarat 894.68 70712.07 1.27 7
8 Uttar Pradesh 587.00 77760.69 0.75 3
9 ElectraNet 355.62 13957.00 2.55 12
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(02.°4\% | Energy O&M
o1s Expenses Transmitted
State/Utility | (Rs. Crore) (MU) Expenses/MU
(a) (b) (c)
10 Powerlink 868.04 47613.58 1.82 10
11 TasNetworks 218.65 13359.96 1.64 9
12 TransGrid 842.23 67800.00 1.24 6

The O&M Expense/MU of the eleven STUs along with UPPTCL for the FY 2014-15 is given in the table

below:

Table 161: O&M Expenses/MU for FY 2014-15

Oo&M Energy O&M
S.No. | State/Utility | g || Do g Expenses/MU
(Rs. Crore) (0\%18)’ ©)
€:)) (b)
1 Uttarakhand 85.01 13612.23 0.62 1
2 Bihar 141.52 16986.53 0.83 4
3 Madhya Pradesh 411.89 55206.00 0.75 2
4 Maharashtra 1284.32 130107.38 0.99 5
5 Rajasthan 1134.34 67257.92 1.69 9
6 Karnataka 1012.63 59420.35 1.70 10
7 Gujarat 962.59 78933.59 1.22 7
8 Uttar Pradesh 626.91 82413.86 0.76 3
9 ElectraNet 381.73 13455.33 2.84 12
10 Powerlink 1013.05 53087.56 1.91 11
11 TasNetworks 166.42 13109.62 1.27 8
12 TransGrid 806.70 74400.00 1.08 6

The O&M Expense/MU of the eleven STUs along with UPPTCL for the FY 2015-16 is given in the table

below:

Table 162: O&M Expenses/MU for FY 2015-16

(02.°4\% | Energy O&M
S.No.| State/Utility | gt || e e Expenses/MU | Ranking
e (Rs. Crore) (0.%10)) )
€:)) (b)
1 Uttarakhand 102.76 13734.00 0.7482 3
2 Bihar 158.95 21485.35 0.7398 1
3 Madhya Pradesh 441.43 59335.00 0.7440 2
4 Maharashtra 1399.09 136215.34 1.0271 5
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o&M Energy O&M
S.No.| State/Utili | DILERER Ui e Expenses/MU | Rankin
U ty (Rs. Crore) (0\%18) p ©) 8
€:)) (b)
5 Rajasthan 1171.69 75567.74 1.5505 8
6 Karnataka 968.59 61957.51 1.5633 9
7 Gujarat 1068.46 84889.83 1.2586 7
8 Uttar Pradesh 724.62 88402.14 0.8197 4
9 ElectraNet 408.12 14247.98 2.8644 12
10 Powerlink 1043.74 52872.39 1.9741 10
11 TasNetworks 180.32 7019.42 2.2769 11
12 TransGrid 812.96 72200.00 1.1260 6
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Figure 72: Opex/MU

It can be seen that the utility of Uttarakhand is having the lowest Opex/MVA in two out of three years
considered with UPPTCL ranked at number 3.

O&M Expense /MW

The O&M Expense/MW of the eleven STUs along with UPPTCL for the FY 2013-14 is given in the
table below:
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Table 163: O&M Expenses/MW for FY 2013-14

Oo&M Peak O&M
S.No.| State/Utility STDETCE L Expenses/MW Ranking
(Rs. Crore) (MW)
(a) (b)
1 Uttarakhand 82.24 1826.00 4.50 3
2 Bihar 152.99 2465.00 6.21 4
3 Madhya Pradesh 374.30 9716.00 3.85 1
4 Maharashtra 1202.88 19276.00 6.24 5
5 Rajasthan 1210.53 10047.00 12.05 12
6 Karnataka 865.53 9940.00 8.71 8
7 Gujarat 894.68 12201.00 7.33 7
8 Uttar Pradesh 587.00 13089.00 4.48 2
9 ElectraNet 355.62 3115.14 11.42 11
10 Powerlink 868.04 7637.88 11.36 10
11 TasNetworks 218.65 2132.00 10.26 9
12 TransGrid 842.23 12100.00 6.96 6

The O&M Expense/MW of the eleven STUs along with UPPTCL for the FY 2014-15 is given in the
table below:

Table 164: O&M Expenses/MW for FY 2014-15

Oo&M Peak
S.No.| State/Utility (l]i}s(?ggcs)i:) D(el\rlln‘i;;d Expenses/MW Ranking
(€:)) (b)
1 Uttarakhand 85.01 1930.00 4.40 3
2 Bihar 141.52 2994.00 4.73 4
3 Madhya Pradesh 411.89 9755.00 4.22 2
4 Maharashtra 1284.32 20147.00 6.37 5
5 Rajasthan 1134.34 10642.00 10.66 10
6 Karnataka 1012.63 10001.00 10.13 9
7 Gujarat 062.59 13603.00 7.08 6
8 Uttar Pradesh 626.91 15670.00 4.00 1
9 ElectraNet 381.73 2668.46 14.31 12
10 Powerlink 1013.05 8105.06 12.50 11
11 TasNetworks 166.42 2143.16 7.77 8
12 TransGrid 806.70 10900.00 7.40 7

The O&M Expense/MW of the eleven STUs along with UPPTCL for the FY 2015-16 is given in the

table below:
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Table 165: O&M Expenses/MW for FY 2015-16

Oo&M Peak O&M
S.No.| State/Utility D DT, Expenses/MW | Ranking
(Rs. Crore) (MW) )
(a) (b)
1 Uttarakhand 102.76 2034.00 5.05 4
2 Bihar 158.95 3735.00 4.26 2
3 Madhya Pradesh 441.43 10902.00 4.05 1
4 Maharashtra 1399.09 20973.00 6.67 5
5 Rajasthan 1171.69 10961.00 10.69 10
6 Karnataka 968.59 10202.00 9.49 9
7 Gujarat 1068.46 14495.00 7.37 7
8 Uttar Pradesh 724.62 16988.00 4.27 3
9 ElectraNet 408.12 2804.48 14.55 12
10 Powerlink 1043.74 8272.12 12.62 11
11 TasNetworks 180.32 2218.90 8.13 8
12 TransGrid 812.96 11900.00 6.83 6
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Figure 73: Opex/ MW

It can be seen that the utility of Madhya Pradesh is having the lowest Opex/MVA with UPPTCL
ranked at number 3 during FY 2015-16.
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b. Econometric Method

FY 2013-14

The selection of variables

Benchmarking of the O&M Expenses for FY 2013-14 has been carried out by considering the following
variables as given in the table below:

Table 166: O&M Expenses, Line Length and Transformation Capacity for different
States/Utilities for FY 2013-14

= o&M Line Leneth Transformatio
xXpenses
(Rs. Crore) (Ck(tbl)(m)

(€:))
1 Uttarakhand 82.24 2981.00 6097.00
2 Bihar 152.99 8394.00 9499.00
3 Madhya Pradesh 374.30 29009.77 41163.00
4 Maharashtra 1202.88 43019.81 101547.00
5 Rajasthan 1210.53 31092.40 53249.00
6 Karnataka 865.53 32471.00 50221.85
7 Gujarat 894.68 50131.56 68730.00
8 Uttar Pradesh 587.00 26876.00 63791.00
9 ElectraNet 355.62 5529.40 12519.00
10 Powerlink 868.04 14772.50 41033.00
11 TasNetworks 218.65 3503.80 8606.00
12 TransGrid 842.23 12929.67 56144.30

Doing the regression analysis on the values obtained after considering log of the values in table 152 we
obtain the following values:

Table 167: Application of Regression Analysis

Regressed
State,/Utility Llfd()a) IN(b) | LN () value
(e)
1 Uttarakhand 4.41 8.00 8.72 4.86
2 Bihar 5.03 9.04 9.16 5.09
3 Madhya Pradesh 5.93 10.28 10.63 6.35
4 Maharashtra 7.09 10.67 11.53 7.21
5 Rajasthan 7.10 10.34 10.88 6.60
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Regressed
State/Utility LN (¢) Value
(e)
6 Karnataka 6.76 10.39 10.82 6.53
7 Gujarat 6.80 10.82 11.14 6.76
8 Uttar Pradesh 6.38 10.20 11.06 6.83
9 ElectraNet 5.87 8.62 9.44 5.48
10 Powerlink 6.77 9.60 10.62 6.50
11 TasNetworks 5.39 8.16 9.06 5.19
12 TransGrid 6.74 9.47 10.94 6.86

Having obtained the regressed value the efficiency of the STUs have been obtained in the following

table:

Table 168: Ranking of Utilities (FY 2013-14)

“ IN (a) Regresse
State/Utility| () IN(M)| LN(c) | Value
1 Uttarakhand 4.41 8.00 8.72 4.86 | 0.9074 1
2 Bihar 5.03 9.04 9.16 5.09 | 0.9888 6
Madhya o
3 Pradesh 5.93 10.28 10.63 6.35 | 0.9334
4 Maharashtra 7.09 10.67 11.53 7.21 | 0.9837 5
5 Rajasthan 7.10 10.34 10.88 6.60 | 1.0750 12
6 Karnataka 6.76 10.39 10.82 6.53 | 1.0355 8
7 Gujarat 6.80 10.82 11.14 6.76 | 1.0051 7
8 Uttar Pradesh 6.38 10.20 11.06 6.83 | 0.9337 3
9 ElectraNet 5.87 8.62 9.44 5.48 | 1.0727 11
10 Powerlink 6.77 9.60 10.62 6.50 | 1.0408 10
11 TasNetworks 5.39 8.16 9.06 5.19 | 1.0389 9
12 TransGrid 6.74 9.47 10.94 6.86 | 0.9815 4

It can be seen from the table given above that the rank obtained by UPPTCL is no. 3.
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Figure 74: Efficiency (FY 2013-14)

Analysis for FY 2014-15

Benchmarking of the employee expenses for FY 2014-15 has been carried out by considering the
following variables as given in the table below:

Table 169: O&M Expenses, Line Length and Transformation Capacity of different
States/Utilities for FY 2014-15

O&M Expenses Line Length Mrm.atlon
S.No., State/Utility (Rs. Crore) (Ckt Km) __ Capacity
(MVA)
@ (b) ©)

1 Uttarakhand 85.01 3017.00 6582.00
2 Bihar 141.52 8617.00 11560.00
3 Madhya Pradesh 411.89 30194.99 45457.00
4 Maharashtra 1284.32 44207.00 105434.00
5 Rajasthan 1134.34 32514.17 63378.50
6 Karnataka 1012.63 33204.00 52081.50
7 Gujarat 962.59 52531.56 80113.00
8 Uttar Pradesh 626.91 28678.00 68465.00
9 ElectraNet 381.73 5521.35 12408.60
10 Powerlink 1013.05 14754.50 42093.00
11 TasNetworks 166.42 3563.70 8581.50
12 TransGrid 806.70 13024.76 57806.30
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Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the

following table for FY 2014-15:

Table 170: Ranking of STUs for FY 2014-15

LN (a) Regresse
. | State/Utility ﬁ LN (b) LN (¢) V(a(:l)le d/e Rank

Uttarakhand 4.44 8.01 8.79 4.82 0.9226 1
2 Bihar 4.95 9.06 9.36 5.16 | 0.9597 4

Madhya
3 Pradesh 6.02 10.32 10.72 6.38 | 0.9430 3
4 Maharashtra 7.16 10.70 11.57 7.25 | 0.9869 6
5 Rajasthan 7.03 10.39 11.06 6.75 | 1.0420 9
6 Karnataka 6.92 10.41 10.86 6.51 | 1.0622 10
7 Gujarat 6.87 10.87 11.29 6.88 | 0.9984 7
8 Uttar Pradesh 6.44 10.26 11.13 6.88 | 0.9365 2
9 ElectraNet 5.94 8.62 9.43 5.38 | 1.1059 12
10 Powerlink 6.92 9.60 10.65 6.51 | 1.0634 11
11 TasNetworks 5.11 8.18 9.06 5.08 | 1.0077 8
12 TransGrid 6.69 9.47 10.96 6.92 | 0.9678 5

It can be seen from the table given above that the rank obtained by UPPTCL is no. 2.

Efficiency (d/e)

— /e

Figure 75: Efficiency (FY 2014-15)
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Analysis for FY 2015-16

Benchmarking of the employee expenses for FY 2015-16 has been carried out by considering the
following variables as given in the table below:

Table 171: O&M Expenses, Line Length and Transformation capacity of different
States/Utilities for FY 2015-16

. Transformation
Line Length " Capacity
- pacity
State/Utility (Ck(tbl)(m) (MVA)
(c)
1 Uttarakhand 102.76 3020.00 7872.00
2 Bihar 158.95 9573.90 14779.90
3 Madhya Pradesh 441.43 31364.08 49349.00
4 Maharashtra 1399.09 46317.00 110815.00
5 Rajasthan 1171.69 33959.92 68036.00
6 Karnataka 968.59 33794.00 53734.90
7 Gujarat 1068.46 55456.56 91544.00
8 Uttar Pradesh 724.62 30151.00 76725.00
9 ElectraNet 408.12 5524.35 12857.60
10 Powerlink 1043.74 14755.50 44377.00
11 TasNetworks 180.32 3563.70 8591.00
12 TransGrid 812.96 13039.20 57814.08

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the

following table for FY 2015-16:

Table 172: Ranking obtained for FY 2015-16

Regresse
Value

(D)

d/e Rank

State Llfd()a) IN(b) | IN()

Uttarakhand

4.63 8 01 8.97 5 03 | 0.9202 1

2 Bihar 5.07 9.17 9.60 5.41| 0.9372 2
Madhya

3 Pradesh 6.09 10.35 10.81 6.44 | 0.9450 4
4 Maharashtra 7.24 10.74 11.62 7.27 | 0.9967 6
5 Rajasthan 7.07 10.43 11.13 6.79 | 1.0399 9
6 Karnataka 6.88 10.43 10.89 6.52 | 1.0544 10
7 Gujarat 6.97 10.92 11.42 6.99 | 0.9980 7
8 Uttar Pradesh 6.59 10.31 11.25 6.97 | 0.9445 3
9 ElectraNet 6.01 8.62 9.46 5.42 | 1.1096 12
10 Powerlink 6.95 9.60 10.70 6.56 | 1.0600 11
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Regresse
S.No. IN@) yN®b)| IN() | Value | d/e | Rank
(GY (e)
11 TasNetworks 5.19 8.18 9.06 5.08 | 1.0217 8
12 TransGrid 6.70 9.48 10.96 6.90 | 0.9705 5

It can be seen from the table given above that the rank obtained by UPPTCL is no. 3.
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Figure 76: Efficiency (FY 2015-16)
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9. Chapter9g: Total System Benchmarking

9.1 Total System Benchmarking of UPPTCL

The benchmarking of UPPTCL has been carried out with the seven STUs to determine the rank of
UPPTCL considering the overall performance of the STUs in terms of their financial and technical
performance. The total expenditure comprising the O&M expenses and the Average GFA has been
considered as the input and the Energy Transmitted, Line Length and Transformation Capacity have
been considered as the output.

The total system benchmarking has been carried out using the Econometric Method using the Cobb
Douglas Production Function and the Corrected Ordinary Least Square Method.

a. Econometric Method

The selection of variables

Total System Benchmarking has been carried out by considering the following variables as given in
the table below:

Table 173: Variables considered for Benchmarking for FY 2013-14

Total Ener . Transformation
Expenditure Transm?tyted Ll(réitl‘ggh Capacity
(Rs. Crore) (0.%18)) © (MVA)
(a) (b) (d)
1 Uttarakhand 989.22 13227.00 2981.00 6097.00
2 Bihar 3701.19 13786.16 8394.00 9499.00
3 Madhya Pradesh 6258.42 50300.00 29009.77 41163.00
4 Maharashtra 20163.74 117289.13 43019.81 101547.00
5 Rajasthan 12778.70 63851.02 31092.40 53249.00
6 Karnataka 12660.44 56733.00 32471.00 50221.85
7 Gujarat 12908.91 70712.07 50131.56 68730.00
8 Uttar Pradesh 9839.64 77760.69 26876.00 63791.00

Doing the regression analysis on the values obtained after considering log of the values in table 173 we
obtain the following values:

183 |Page




BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Table 174: Regression Analysis

S.No. IN@  yN®m) | IN@)| LN Revgifiied
(©) ®
1 Uttarakhand 6.90 9.49 8.00 8.72 6.95
2 Bihar 8.22 9.53 9.04 9.16 8.08
3 Madhya Pradesh 8.74 10.83 10.28 10.63 8.95
4 Maharashtra 9.91 11.67 10.67 11.53 9.66
5 Rajasthan 9.46 11.06 10.34 10.88 9.21
6 Karnataka 9.45 10.95 10.39 10.82 9.38
7 Gujarat 9.47 11.17 10.82 11.14 9.64
8 Uttar Pradesh 9.19 11.26 10.20 11.06 9.46

Having obtained the regressed value the efficiency of the STUs has been obtained in the following

table:

Table 175: Rank Obtained

Regressed
LN (d) Value e/f | Rank
®

1 Uttarakhand 6.90 9.49 8.00 8.72 6.95 | 0.99274 4
2 Bihar 8.22 9.53 9.04 9.16 8.08 | 1.01661 6
Madhya
3 Pradesh 8.74 10.83 10.28 10.63 8.95 | 0.97648 2
4 Maharashtra 9.91 11.67 10.67 11.53 9.66 | 1.02646 7
5 Rajasthan 9.46 11.06 10.34 10.88 9.21 | 1.02655 8
6 Karnataka 9.45 10.95 10.39 10.82 9.38 | 1.00744 5
7 Gujarat 9.47 11.17 10.82 11.14 9.64 | 0.98209 3
8 Uttar Pradesh 9.19 11.26 10.20 11.06 9.46 | 0.97142 1

It can be seen from the table given above that the rank obtained by UPPTCL is no. 1.
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Figure 77: Efficiency (FY 2013-14)

Analysis for FY 2014-15

Total System Benchmarking for FY 2014-15 has been carried out by considering the following
variables as given in the table below:

Table 176: Variables considered for Benchmarking for FY 2014-15

Total Energy Transformation
S.No.| State Expenditure| Transmitted Capacity
(Rs. Crore)
(a)

1 Uttarakhand 1098.96 13612.23 | 3017.00 6582.00
2 Bihar 3912.59 16986.53 8617.00 11560.00
3 Madhya Pradesh 6900.78 55206.00 | 30194.99 45457.00
4 Maharashtra 21694.02 130107.38 | 44207.00 105434.00
5 Rajasthan 14280.32 67257.92 | 32514.17 63378.50
6 Karnataka 13659.65 59420.35 | 33204.00 52081.50
7 Gujarat 15151.69 78033.59 | 52531.56 80113.00
8 Uttar Pradesh 11044.78 82413.86 | 28678.00 68465.00

Following the steps carried out for FY 2013-14, the efficiency of the STUs have been obtained in the
following table for FY 2014-15:

Table 177: Rank Obtained for FY 2014-15

_e/f |

Regresse
S.No. State % %S ﬁ LN (d) Value e/f
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Regresse
S.No.| State Value T e/f
()

1 Uttarakhand 7.00 9.52 8.01 8.79 7.15 | 0.9795 2
2 Bihar 8.27 9.74 9.06 9.36 7.98 1.0361 8
3 Madhya Pradesh 8.84| 10.92| 10.32 10.72 9.19 0.9619 1
4 Maharashtra 9.98 11.78 | 10.70 11.57 9.73 1.0259 7
5 Rajasthan 9.57 11.12 | 10.39 11.06 9.51| 1.0063 5
6 Karnataka 9.52 | 10.99 10.41 10.86 9.34 1.0196 6
7 Gujarat 9.63 11.28 | 10.87 11.29 9.81 0.9816 3
8 Uttar Pradesh 9.31 11.32 | 10.26 11.13 9.42 | 0.9887 4
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Figure 78: Efficiency (FY 2014-15)

Analysis for FY 2015-16

Total System Benchmarking for FY 2015-16 has been carried out by considering the following

variables as given in the table below:

Table 178: Variables considered for Benchmarking for FY 2015-16

Transformation
Transmitted Capacity
(0.%10)) (MVA)
(b) d)
1 Uttarakhand 1186.39 13734.00 3020.00 7872.00
2 Bihar 4120.52 21485.35 9573.90 14779.90
3 Madhya Pradesh 7900.72 59335.00 31364.08 49349.00
4 Maharashtra 26681.57 136215.34 46317.00 110815.00
186 |Page




BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Total Energy Line Transformation
S.No. | State | Expenditure Transmitted Length Capacity
B (Rs. Crore) (0.%19)) (Ckt Km) (MVA)
(@ (b) (o) (d)

5 Rajasthan 15609.14 75567.74 33959.92 68036.00
6 Karnataka 14553.91 61957.51 33794.00 53734.90
7 Gujarat 17851.76 84889.83 55456.56 91544.00
8 Uttar Pradesh 12585.26 88402.14 30151.00 76725.00

Following the steps carried out for FY 2014-15, the efficiency of the STUs have been obtained in the

following table for FY 2015-16:

Table 179: Rank Obtained for FY 2015-16

Regressed
. State Llf ()a LN(®)| LN(¢)) LN(@) _ Value
®

1 Uttarakhand 7.08 953 8.01 8.97 7.15 | 0.989496 2
2 Bihar 8.32 0.98 9.17 9.60 8.13 | 1.023561 8
3 Madhya Pradesh 8.97 10.99 10.35 10.81 9.39 | 0.955568 1
4 Maharashtra 10.19 11.82 10.74 11.62 10.10 | 1.009127 5
5 Rajasthan 9.66 11.23 10.43 11.13 9.51 | 1.015840 7
6 Karnataka 9.59 11.03 10.43 10.89 9.44 | 1.015566 6
7 Gujarat 9.79 11.35 10.92 11.42 9.81 | 0.998181 4
8 Uttar Pradesh 9.44 11.39 10.31 11.25 9.51 | 0.992538 3

L0400 Efficiency

1.0200 2

10000 7 20236 0051 FOF58~1.0156 )

709895 \ / =6:99827( 9925
0.9800 .
= Efficiency

0.9600 V09556

0.9400

0.9200 T T T T T T T 1

I A I A G
'3{" @Q \,b '\‘7 g(\'b (90 Q&,b
> N L NG <
N W L

Figure 79: Efficiency (FY 2015-16)
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b. Corrected Ordinary Least Square Method

The Corrected Ordinary Least Square Method has been used along with regression analysis to arrive
at the desired results.

Establishment of Data Management Units (DMUs)

The Data Management Units have been established by considering the Total Expenditure (O&M
Expenses, Average GFA) along with Energy Transmitted (MUs), Circuit Kilometers (Ckm) and the
Transformation Capacity (MVA). The Total Expenditure (O&M Expenses, Average GFA) is the input
variable and Energy Transmitted (MUs), Circuit Kilometers (Ckm) and the Transformation Capacity
(MVA) is the output achieved. The following table gives the details of the eight states (DMUs)
considered for the benchmarking study:

Table 180: Variables considered for Benchmarking for FY 2013-14

Total . Transformation
State ~Expenditure g Capacity
(Rs. Crore) (MVA)
1 Uttarakhand 989.22 13227.00 2981.00 6097.00
2 Bihar 3701.19 13786.16 8394.00 9499.00
3 Madhya Pradesh 6258.42 50300.00 29009.77 41163.00
4 Maharashtra 20163.74 117289.13 43019.81 101547.00
5 Rajasthan 12778.70 63851.02 31092.40 53249.00
6 Karnataka 12660.44 56733.00 32471.00 50221.85
7 Gujarat 12908.91 70712.07 50131.56 68730.00
8 Uttar Pradesh 9839.64 77760.69 26876.00 63791.00
Regression Analysis

The Total Expenditure (O&M Expenses, Average GFA) has been benchmarked with respect to Energy
Transmitted (MUs), Circuit Kilometers (Ckm) and the Transformation Capacity (MVA) of other State
Transmission utilities. Carrying out the multiple regression analysis the following values are obtained
for the Total Expenditure (O&M Expenses, Average GFA) as given in the table below:

Table 181: Regression Analysis of Total Expenditure

Expenditure

Total

(Rs. Crore)

Energy
Transmitted

Line
Length
(Ckt Km)

Transformation

Regressed

Uttarakhand 989.22 13227.00 | 2981.00 6097.00 1841.66
Bihar 3701.19 13786.16 | 8394.00 09499.00 20924.88
Madhya

Pradesh 6258.42 50300.00 | 29009.77 41163.00 7829.95
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Total Energy Line Transformation Resressed
Expenditure Transmitted Length Capacity 8
S.No.| State Values

e (Rs. Crore) (MU) (Ckt Km) (MVA)

4 Maharashtra 20163.74 117289.13 | 43019.81 101547.00 19519.54

5 Rajasthan 12778.70 63851.02 | 31092.40 53249.00 10185.97

6 Karnataka 12660.44 56733.00 | 32471.00 50221.85 10323.54

7 Gujarat 12908.91 70712.07 | 50131.56 68730.00 14503.14

Uttar
8 Pradesh 9839.64 77760.69 | 26876.00 63791.00 12171.58

It can be seen from the table given above that the Total Expenditure of UPPTCL was Rs. 9839.64
Crores during the FY 2013-14. However, after carrying out the regression analysis the Total
Expenditure comes out to Rs. 12171.58 Crores. This difference of Rs. 2331.94 Crores indicates that the
Total Expenditure by UPPTCL is on a lower side as compared to other STUs and the same can be
increased by Rs.2331.94 Crores considering the Total Expenditure by other STUs.

Ranking of the Utilities

Having obtained the regressed values of the utilities, the corrected value of the utilities is obtained by
subtracting the largest non-negative integer (obtained as the difference between the regressed values
and the actual values) from the regressed values. The ranking is done based on the ratio of the actual
value and the corrected value of employee expenses. The utility with the maximum value of the ratio
is ranked 1 and the one with the lowest ratio is ranked the last. The ranking if the utilities are given in
the table below:

Table 182: Ranking of the utilities for FY 2013-14

Total

Transformation

Energy

== : : Regresse
Expenditure | Transmitted Capacity — .
(Rs.Crore) | (MU) v | Vel Rs gy || Renking]
(a) (b) GY)
1 Uttarakhand 089.22 13227.00 2981.00 6097.00 1841.66 -490.29 | -0.4956 8
2 Bihar 3701.19 13786.16 | 8394.00 9499.00 2024.88 592.94 | 0.1602 7
Madhya
3 Pradesh 6258.42 50300.00 | 29009.77 41163.00 7829.95 5498.01 | 0.8785 3
4 Maharashtra 20163.74 117289.13 | 43019.81 101547.00 19519.54 | 17187.60 | 0.8524 4
5 Rajasthan 12778.70 63851.02 | 31092.40 53249.00 10185.97 7854.03 | 0.6146 6
6 Karnataka 12660.44 56733.00 | 32471.00 50221.85 | 10323.54 7991.59 | 0.6312 5
7 Gujarat 12908.91 70712.07 | 50131.56 68730.00 14503.14 12171.19 | 0.9429 2
Uttar
8 Pradesh 0839.64 77760.69 | 26876.00 63791.00 12171.58 | 9839.64 | 1.0000 1

It can be seen from the table given above that UPPTCL is obtaining the rank no. 1.

The graphical representation of the COLS method is shown in the figure below:
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Figure 80: COLS for Total System Benchmarking for FY 2013-14

Analysis for FY 2014-15

The following table gives the details of the eight states (DMUs) for the FY 2014-15:

Table 183: Variables considered for Benchmarking for FY 2014-15

Energy Transformation
Expenditure A Transmitted Capacity
S.No. State | — R "Crore) (MU) WAZN]

1 Uttarakhand 1098.96 13612.23 3017.00 6582.00
2 Bihar 3912.59 16086.53 8617.00 11560.00
3 Madhya Pradesh 6900.78 55206.00 30194.99 45457.00
4 Maharashtra 21694.02 130107.38 44207.00 105434.00
5 Rajasthan 14280.32 67257.92 32514.17 63378.50
6 Karnataka 13659.65 59420.35 33204.00 52081.50
7 Gujarat 15151.69 78933.59 52531.56 80113.00
8 Uttar Pradesh 11044.78 82413.86 28678.00 68465.00

Following the steps carried out for FY 2013-14, the following ranking has been obtained for the
utilities for the FY 2014-15:
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Table 184: Ranking of Utilities for FY 2014-15

Total Energy Transformation

| Expenditure Transmitted Capacity R%;ﬁissed
(Rs. Crore) (010)) (MVA) (e)
(b)
1 Uttarakhand 1098.96 13612.23 3017.00 6582.00 1758.26 -852.78 | -0.7760 8
2 Bihar 3912.59 16986.53 8617.00 11560.00 2759.86 148.82 | 0.0380 7
3 Madhya Pradesh 6900.78 55206.00 | 30194.99 45457.00 9208.66 6597.62 | 0.9561 2
4 Maharashtra 21694.02 130107.38 | 44207.00 105434.00 | 20552.65 | 17941.61 | 0.8270 4
5 Rajasthan 14280.32 67257.92 32514.17 63378.50 12039.26 | 10328.22 | 0.7232 5
6 Karnataka 13659.65 59420.35 | 33204.00 52081.50 | 10580.61 7969.57 | 0.5834 6
7 Gujarat 15151.69 78933.59 | 52531.56 80113.00 | 16287.66 | 13676.62 | 0.9026 3
8 Uttar Pradesh 11044.78 82413.86 | 28678.00 68465.00 13655.82 | 11044.78 | 1.0000 1

The graphical representation of the COLS method is shown in the figure below:
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Figure 81: COLS for Total System Benchmarking for FY 2014-15

Analysis for FY 2015-16

The following table gives the details of the eight states (DMUs) for the FY 2015-16:
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Table 185: Variables considered for Benchmarking for FY 2015-16

Totz&l Energy e v Transforn.lation
S.No/ State Fxpenditure  Tranemitted “(Ckekm) =~ Capadly
&) (b) () @

1 Uttarakhand 1186.39 13734.00 3020.00 7872.00
2 Bihar 4120.52 21485.35 9573.90 14779.90
3 Madhya Pradesh 7900.72 59335.00 31364.08 49349.00
4 Maharashtra 26681.57 136215.34 46317.00 110815.00
5 Rajasthan 15609.14 75567.74 33959.92 68036.00
6 Karnataka 14553.91 61957.51 33794.00 53734.90
7 Gujarat 17851.76 84889.83 55456.56 91544.00
8 Uttar Pradesh 12585.26 88402.14 30151.00 76725.00

Following the steps carried out for FY 2013-14, the following ranking has been obtained for the

utilities for the FY 2015-16:

Table 186: Ranking of Utilities for the FY 2015-16

Total Energy Line Transformation oy
o : . Regressed Value
Expenditure, Transmitted | Length Capacity Value T Rs. T
(Rs. Crore) [%10)) (Ckt Km) (MVA) ©) Crore) (f/a) J
(b) (©) @ D
1 Uttarakhand 1186.39 13734.00 | 3020.00 7872.00 751.012 | -3305.886 | -2.7865 8
2 Bihar 4120.52 21485.35 9573.90 14779.90 | 3014.407 | -1042.491 | -0.2530 7
Madhya
3 Pradesh 7900.72 59335.00 | 31364.08 49349.00 | 11957.615 7900.717 | 1.0000 1
4 Maharashtra 26681.57 136215.34 | 46317.00 110815.00 | 25359.010 | 21302.113 | 0.7984 3
5 Rajasthan 15609.14 75567.74 | 33959.92 68036.00 | 14017.495 | 9960.597 | 0.6381 5
6 Karnataka 14553.91 61957.51 | 33794.00 53734.90 | 12528.724 8471.826 | 0.5821 6
7 Gujarat 17851.76 84889.83 | 55456.56 01544.00 | 17667.074 | 13610.176 | 0.7624 4
Uttar
8 Pradesh 12585.26 88402.14 | 30151.00 76725.00 | 15193.932 | 11137.034 | 0.8849 2

The graphical representation of the COLS method is shown in the figure below:
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Figure 82: COLS for Total System Benchmarking for FY 2015-16

A summary of the ranking obtained by all the utilities using the Econometric Method and the COLS
Method is given in the table below:

Table 187: Summary of Rank Obtained — Econometric Method (FY 2013-14)

Rank Obtained

Transmission
S.No,| State | Employee R&M A&G O&M Cabitalization loss Total System
Expenses| Expenses Expenses Expenses P (TFP Benchmarking
Method)
1 Uttarakhand 6 2 8 6 2 7 4
2 Bihar 4 8 2 5 - 8 6
3 Madhya Pradesh 1 1 3 1 1 4 2
4 Maharashtra 5 5 6 4 6 1 7
5 | Rajasthan 8 4 7 8 - 5 8
6 Karnataka 7 3 4 7 5 6 5
7 Gujarat 3 7 5 3 4 2 3
8 Uttar Pradesh 2 6 1 2 3 3 1

Table 188: Summary of Rank Obtained — Econometric Method (FY 2014-15)

Rank Obtained
Transmission
S.No, State Employee R&M A&G O&M Cabitalization loss Total System
Expenses| Expenses Expenses Expenses ~apiialization (TFP Benchmarking
A T e Method)

1 Uttarakhand 6 3 7 6 4 7 2

2 Bihar 4 8 2 3 - 8 8
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Rank Obtained

Transmission

S.No| State Emloee R&M A&G o&M Gt loss Total System
Expenses| Expenses Expenses Expenses (TFP Benchmarking
Method)
3 Madhya Pradesh 2 1 3 1 1 4 1
4 Maharashtra 5 4 8 5 5 1 7
5 | Rajasthan 8 2 4 7 3 5 5
6 Karnataka 7 5 6 8 6 6 6
7 Gujarat 3 7 5 4 7 2 3
8 | Uttar Pradesh 1 6 1 2 2 3 4

Table 189: Summary of Rank Obtained — Econometric Method (FY 2015-16)

Rank Obtained

Transmission
S.No,| State | Employee R&M A&G O&M Cabitalization loss Total System
Expenses| Expenses Expenses Expenses P (TFP Benchmarking
Method)
1 Uttarakhand 6 4 7 6 4 7 2
2 Bihar 3 5 3 3 - 8
3 Madhya Pradesh 2 1 2 1 1 4 1
4 Maharashtra 5 3 8 5 5 1 5
5 | Rajasthan 8 2 6 7 2 5 7
6 Karnataka 7 8 5 8 6 6 6
7 Gujarat 4 6 4 4 3 2 4
8 Uttar Pradesh 1 7 1 2 7 3 3

Table 190: Summary of Rank Obtained — COLS Method (FY 2013-14)

Rank Obtained

Transmission
S.No,| State | Employee R&M A&G O&M Cabitalization loss Total System
Expenses| Expenses Expenses Expenses P (TFP Benchmarking
Method)
1 Uttarakhand 8 8 7 8 6 7 8
2 Bihar 7 7 8 7 - 7
3 Madhya Pradesh 1 1 6 1 4 3
4 Maharashtra 4 2 2 4 4 1 4
5 Rajasthan 6 4 4 6 - 5 6
6 Karnataka 5 3 5 5 5 6 5
7 Gujarat 2 5 3 3 2 2 2
8 Uttar Pradesh 3 6 1 2 3 3 1
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Table 191: Summary of Rank Obtained —COLS Method (FY 2014-15)

Rank Obtained

Transmission

SNo/  State | Employee R&M A&G O&M ottt loss Total Systqm
Expenses| Expenses Expenses Expenses (TFP Benchmarking
Method)
1 Uttarakhand 8 8 7 8 7 7 8
2 Bihar 7 7 8 7 - 7
3 Madhya Pradesh 3 1 6 1 1 4 2
4 Maharashtra 4 2 2 4 5 1 4
5 Rajasthan 6 3 4 5 3 5 5
6 Karnataka 5 5 5 6 6 6 6
7 Gujarat 2 4 3 3 4 2 3
8 Uttar Pradesh 1 6 1 2 2 3 1

Table 192: Summary of Rank Obtained — COLS Method (FY 2015-16)

Rank Obtained

Transmission
S.No. State Employee ~ R&M A&G O&M (i ation loss Total System
Expenses| Expenses Expenses Expenses p (TFP Benchmarking
Method)
1 Uttarakhand 8 8 8 8 4 7 8
2 Bihar 7 7 7 7 - 7
3 Madhya Pradesh 3 3 6 1 1 4 1
4 Maharashtra 4 2 3 4 5 1 3
5 Rajasthan 6 1 4 5 2 5 5
6 Karnataka 5 6 5 6 6 6 6
7 Gujarat 2 4 2 3 3 2 4
8 Uttar Pradesh 1 5 1 2 7 3 2
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10. Recommendation

10.1 Norms for O&M Expenses

The proposed norms of O&M expenses for the UPPTCL for the MYT Control Period are given below:

10.2 Employee Expenses

FY 2013-14

The actual employee expenses of UPPTCL for the FY 2013-14 were Rs. 395.28 Crore. However, after
running the regression analysis the employee expenses obtained is Rs. 549.98 Crores. Hence, based
on the outcome of the regression analysis, the norms for the FY 2013-14 for employee expenses are
given below:

Table 193: Employee Expenses for FY 2013-14

Particulars Uttar Pradesh | Average

Total Employee Cost (Rs. Crore) 575.16
25% Employee Cost (Rs. Crore) (A1) 143.79
Line Length (Ckm) (A2) 28678.00
75% Employee Cost (Rs. Crore) (A3) 431.37
Transformation Capacity (MVA) (A4) 68465.00
Norms per ckm (A1/A2) 0.005014 0.005014
Norms per MVA (A3/A4) 0.00630 0.006301

25% of the Gross Employee expenses is attributed to the Transmission Lines and remaining 75% to
the Transformation capacity.

FY 2014-15 and the MYT Control Period

The actual employee expenses of UPPTCL for the FY 2014-15 were Rs. 396.88 Crore. However, after
running the regression analysis the employee expenses obtained is Rs. 579.16 Crores. Hence, based on
the outcome of the regression analysis, the norms for the FY 2014-15 for employee expenses are given
below:

Table 194: Employee Expenses for FY 2014-15

Particulars | Uttar Pradesh | ‘ Average ‘
Total Employee Cost (Rs. Crore) 579.16
25% Employee Cost (Rs. Crore) (A1) 144.79
Line Length (Ckm) (A2) 28678.00

196 | Page




l BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Particulars Uttar Pradesh Average

75% Employee Cost (Rs. Crore) (A3) 434.37
Transformation Capacity (MVA) (A4) 68465.00
Norms per ckm (A1/A2) 0.005049 0.005049
Norms per MVA (A3/A4) 0.00634 0.006344

25% of the Gross Employee expenses is attributed to the Transmission Lines and remaining 75% to

the Transformation capacity.

Escalating the norms (based on the CPI inflation Index) obtained for the FY 2014-15 which is the base

year, the norms for the MYT Control Period have been obtained as follows:

Table 195: Projected Norms of Employee Expenses for the MYT Control Period

Particulars FY 2014-15 FY 2015-16 FY 2016-17 FY 2017-18 | FY 2018-19 FY 2019-20 |

CPI Inflation 5.65% 4.32% 7.21% 7.21% 7.21%
Norms per ckm 0.005049 0.005334 0.005564 0.005966 0.006396 0.006857
Norms per MVA 0.006344 0.006703 0.006992 0.007497 0.008037 0.008617

10.3 R&M Expenses

FY 2013-14

The actual R&M Expenses of UPPTCL for the FY 2013-14 were Rs. 162.70 Crore. However, after
running the regression analysis the R&M expenses obtained is Rs. 130.27 Crores. Hence, based on the
outcome of the regression analysis, the norms for the FY 2013-14 for R&M Expenses are given below:

Table 196: R&M Expenses for FY 2013-14

Particulars | Uttar Pradesh ‘ Average
Average GFA (Rs. Crore) (A) 0252.64
R&M Expense (Rs. Crore) (B) 130.27
Kb (D=B/A) 1.41% 1.41%

FY 2014-15 and the MYT Control Period

The actual R&M Expenses of UPPTCL for the FY 2014-15 were Rs. 195.96 Crore. However, after
running the regression analysis the R&M Expenses obtained is Rs. 149.92 Crores. Hence, based on the
outcome of the regression analysis, the norms for the FY 2014-15 for R&M Expenses are given below:

Table 197: R&M Expenses for FY 2014-15

Particulars

Average GFA (Rs. Crore) (A)

Uttar Pradesh Average

10417.87
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Particulars Uttar Pradesh Average

R&M Expense (Rs. Crore) (B) 149.92
Kb (D=B/A) 1.44% 1.44%

Escalating the norms (as per WPI Inflation Index) obtained for the FY 2014-15 which is the base year,
the norms for the MYT Control Period have been obtained as follows:

Table 198: Projected Norms for R&M Expenses for the MYT Control Period

Particulars | FY 2014-15 FY 2015-16 FY 2016-17 FY 2017-18 FY 2018-19 FY 2019-20

WPI Inflation -2.52% 3.24% 1.82% 1.82% 1.82%

Kb 1.44% 1.40% 1.45% 1.47% 1.50% 1.53%

10.4 A&G Expenses

FY 2013-14

The actual A&G Expenses of UPPTCL for the FY 2013-14 were Rs. 29.03 Crore. However, after
running the regression analysis the A&G expenses obtained is Rs. 93.06 Crores. Hence, based on the
outcome of the regression analysis, the norms for the FY 2013-14 for A&G Expenses are given below:

Table 199: A&G Expenses for FY 2013-14

Particulars ‘ Uttar Pradesh ‘ Average ‘
Total A&G Cost (Rs. Crore) 93.06

25% A&G Cost (Rs. Crore) (A1) 23.27

Line Length (Ckm) (A2) 26876.00

75% A&G (Rs. Crore) (A3) 69.80
Transformation Capacity (MVA) (A4) 63791.00

Norms per ckm (A1/A2) 0.000866 | 0.000866
Norms per MVA (A3/A4) 0.00109 | 0.001094

25% of the Gross A&G expenses is attributed to the Transmission Lines and remaining 75% to the
Transformation capacity.

FY 2014-15 and the MYT Control Period

The actual A&G Expenses of UPPTCL for the FY 2014-15 were Rs. 34.07 Crore. However, after
running the regression analysis the A&G Expenses obtained is Rs. 107.13 Crores. Hence, based on the
outcome of the regression analysis, the norms for the FY 2014-15 for A&G Expenses are given below:

Table 200: A&G Expenses for FY 2014-15

198 | Page




l BENCHMARKING OPEX AND CAPEX IN TRANSMISSION NETWORKS OF UPPTCL

Particulars Uttar Pradesh Average

Total A&G Cost (Rs. Crore) 107.13
25% A&G Cost (Rs. Crore) (A1) 26.78
Line Length (Ckm) (A2) 28678.00
75% A&G (Rs. Crore) (A3) 80.35
Transformation Capacity (MVA) (A4) 68465.00
Norms per ckm (A1/A2) 0.000934 | 0.000934
Norms per MVA (A3/A4) 0.00117 | 0.001174

25% of the Gross A&G expenses is attributed to the Transmission Lines and remaining 75% to the
Transformation capacity.

Escalating the norms (WPI Inflation Index) obtained for the FY 2014-15 which is the base year, the
norms for the MYT Control Period have been obtained as follows:

Table 201: Projected Norms for A&G Expenses for the MYT Control Period

Particulars FY 2014-15 FY 2015-16 | FY 2016-17 | FY 2017-18 | FY 2018-19 FY 2019-20

WPI Inflation -2.52% 3.24% 1.82% 1.82% 1.82%
Norms per ckm 0.000934 0.000910 0.000940 0.000957 0.000974 0.000992
Norms per MVA 0.00117 0.001144 0.001181 0.001203 0.001224 0.001247

10.5 Recommendation

The benchmarking study has been carried out using the regression analysis wherein eight State
Transmission Utilities have been considered to derive the optimum benchmarked values. It is
recommended that the value obtained after carrying out the regression analysis may be considered as
the benchmark value. The recommended values of the O&M expenses considering FY 2014-15 as the

base year have been given below:

Table 202: Recommended Norms of Employee Expenses for the MYT Control Period

Particulars \ FY 2014-15 FY 2015-16 | FY 2016-17 | FY 2017-18 FY 2018-19 | FY 2019-20
Norms per ckm 0.005049 | 0.005334 | 0.005564 | 0.005966 | 0.006396 0.006857
Norms per MVA | 0.006344 | 0.006703 | 0.006992 0.007497 | 0.008037 0.008617

Table 203: Recommended Norms for R&M Expenses for the MYT Control Period

Partlculars FY 2014-15 | FY 2015-16 || FY 2016-17 | FY 2017-18 | FY 2018-19 | FY 2019-20

1.44%

1.40%

1.45%

1.47%

1.50%

1.53%
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Table 204: Recommended Norms for A&G Expenses for the MYT Control Period

Particulars FY 2014-15 FY 2015-16 | FY 2016-17 | FY 2017-18 FY 2018-19 | FY 2019-20

Norms per ckm

0.000934

0.000910

0.000940

0.000957

0.000974

0.000992

Norms per MVA

0.00117

0.001144

0.001181

0.001203

0.001224

0.001247
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