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1.0.0
PREAMBLE


The Central Electricity Regulatory Commission (CERC) is empowered by the Electricity Regulatory Commission’s Act, 1998, to determine, inter-alia, the tariffs of central sector generation companies and other multi-state generation companies.


The current tariff regulation in India was formulated by CEA as prompted by the rate of return methodology. However, of late it is noted that certain mega power projects are not inclined to accept the current norm and intend to build a higher tariff than the existing rate. Against the above backdrop, CERC intends to determine the tariff in conformity with the principles of economy and efficiency.


As a part of regulating inter-state transmission and the tariffs of central sector generation companies and other multi-state generation companies, CERC has entrusted Development Consultants Limited (DCL) for assisting the commission on the formulation of O&M cost norms for thermal generation.


For notifying the above norms, CERC identified following assistance from DCL :


-
Compilation of notes of hearings.


-
Objective analysis of the statements made by the respondents and the petitioners before the commission in writing as well as oral submissions during the hearing.


-
Suggest the acceptability of the arguments


-
Draft commission’s orders on operational norms.


DCL on their turn has interacted with following thermal generation authorities to obtain feed backs on their actual operational experience so as to facilitate realistic and rational formulation of O&M cost norms :

· National Thermal Power Corporation Ltd. (NTPC).

· North - Eastern Electric Power Corpn. Ltd. (NEEPCO).

· Neyveli Lignite Corporation Ltd. (NLC).

· Andhra Pradesh Power Generation Company (APGENCO).

· Maharashtra State Electricity Board (MSEB).

· Uttar Pradesh Power Corporation Ltd. (UPPCL).

· Tamil Nadu State Electricity Board (TNEB).

· West Bengal State Electricity Board (WBSEB).

· West Bengal Power Development Corporation Ltd., (WBPDCL).

· Assam State Electricity  Board (ASEB).

· Karnataka Power Generation Ltd. (KPGL).

· Kerala State Electricity  Board (KSEB).


Items, which cover the desired feed backs, are as under for the operating period of   Seven ( 7 ) years [1992 - 1993 to 1999 - 2000 ] pertaining to three (3 ) different plants, each for Steam Power  (ST) Station , Combined Cycle Combustion Turbine (CCCT)  Station and Diesel Engine Generating (DG) Station.

· Approved Capital Cost

· Commercial Operation Date for each unit

· O&M Manpower and corresponding salaries and wages

· Items of contract services (if any) and corresponding payment made per year per contractor

· Benefits and welfare expenses.

· O&M expense as indicated in the balance sheet.

· Actual cost of spares (Consumed & Purchased).

· Actual Cost of consumables.

· Water charge (if any).

· Overheads (Administrative and Head Quarters, if any).

· Insurance.


Over and above domestic data, electronic data, pertaining to O&M of 1200 thermal generation plants, consisting of 8000 units, of USA, have been processed through Internet. Above information are made available by Financial Times Energy, USA.


Certain international inputs are also available through The Kuljian Corporation (TKC), Philadelphia. From TKC a document titled “Projected Costs of Generating Electricity : Update 1998”, prepared jointly by Nuclear Energy Agency (NEA), International Energy Agency (IEA) and Organisation for Economic Co-operation and Development (OECD), has been received. This document provides information and data on O&M experienced by sixteen (16) countries.


On the basis of above inputs, DCL’s study vis-a-vis consequent recommendation complies with the following requirement of CERC.


OUTPUT 1
:
Review paper on bench marking industry’s best practice for O&M cost and escalation characteristic of such costs for thermal power generation using international and domestic data.


OUTPUT 2
:
Paper reviewing analysis of the existing O&M cost norms for thermal power generation in India.


OUTPUT 3
:
Proposal for O&M cost norms for thermal power stations.

While Output 1 and Output 2 have been prepared separately, the present study is focussed on to cover the requirement of Output 3.

2.0.0
BASIS OF APPROACH

In the year 1997, CEA laid down the following formula for determining annual operation and maintenance (O&M) cost of a thermal generation plant after the commercial operation date (COD) of the last unit.


C(O&M)n = 0.025 x CC (0.3 CPn/CP1 + 0.7 WPn/WP1)


Where -

C(O&M)n
:
Annual O&M Expenses in the nth year of operation


CC

:
Actual Capital Expenditure

CPn
:
Consumer Price Index during the nth year of operation

CP1
:
Consumer Price Index during the first year of operation

WPn
:
Wholesale Price Index during the nth year of operation

WP1
:
Wholesale Price Index during the first year of operation.


Above formula was so developed as to be applicable to Steam Power Station, CCCT Station and Low Speed 2 - Stroke Diesel Engine Generating Station. For Medium Speed 4 - Stroke Diesel Engine Generating Station, CEA’s recommendation includes a factor 0.04 in place of 0.025.


As regards Commercial Operation Date or COD, following definition has been laid down by CERC :


“In relation to a Unit, date by which the Maximum Continuous Rating (MCR) or acceptable installed capacity is demonstrated by a Performance Acceptance Test as per international codes, after successful trial operation including stabilisation.


The COD of the Generating station shall be reckoned from the COD of the last Unit”.


Capital Expenditure (CC) is defined by CERC as under :


“The capital expenditure of the project shall be financed as per the approved financial package set out on the techno-economic clearance of the Authority. The project cost shall include capitalised initial spares. The approved project cost shall be the cost, which has been specified, in the techno-economic clearance of the Authority.


The actual capital expenditure incurred on completion of the project shall be the criterion for the fixation of tariff. Where the actual expenditure exceeds the approved project cost the excesses as approved by the Authority shall be deemed to be included in the approved project cost for the purpose of determining the tariff.


Provided that such excess expenditure is not attributable to the Generating Company or its suppliers or contractors.


Provided further that where a Power Purchase Agreement entered between the Generating Company and the Board provides ceiling on capital expenditure, the capital expenditure shall not exceed such ceiling.


Provided also that in case of multi-unit project, the percentage of capital cost as specified by the Authority in its techno-economic clearance shall be considered for fixation of tariff, on commercial operation of the progressive units but in case of delay in commissioning of the second or subsequent units from the scheduled date, the project cost, for the period of delay, shall be retrospectively considered for the tariff purpose in the ratio of proportionate allocation of units.


Provided further that if the capital cost of the project increases, in comparison to the cost approved in the techno-economic clearance, on account of foreign exchange variation or change of law or any other reason not attributable to the Generating Company or its suppliers or contractors and approved by the Competent Government, the project developer may approach the Authority with the recommendation of the Competent Government, not more than once in a financial year, for the mid-term review of the Capital Cost.


Provided further that the Authority may, for special reasons to be specified by the project developer, allow the mid term review of Capital Cost more than once in a financial year”.

3.0.0
CRITICAL ISSUES


This study is based on the Review Paper on Bench Marking Industry’s Best Practice for O & M Cost (Output 1) and the Paper reviewing Analysis of existing O&M Cost Norms for Thermal Power Generation (Output 2).


Critical Issues Addressed in this study are:

3.1.0
Adequacy of the existing O&M Cost Norms with regard to the O&M requirement and resultant cash flows and see if there are any substantial margins available.

3.2.0
Efficacy of O&M percentage factor used on Capital Expenditure (CC).

3.3.0
Efficacy of percentage factors used on WP & CP to compensate for escalation of O&M expenses.

3.4.0
Is it a good practice to link O&M Cost to the Capital Expenditure of a Project?  If not, then what are the alternatives.

3.5.0
Is it possible to develop a Model of O&M Cost Norm which reflects Efficiency of Plant Operation and Availability of Plant?


Following are discussions on each of the above items before arriving at a conclusion for the final proposal.

4.0.0
ADEQUACY OF THE EXISTING O&M COST NORMS

From Output 2 : Paper reviewing Analysis of existing O & M Cost Norms, following conclusion could be arrived :

4.1.0
The O&M Cost Percentage (% OMP) factor of 0.025 as in the existing CEA formula for determination of O&M Cost appears to be inadequate to meet the present day O&M Cost for Steam Power Stations in India.  It is found that 0.028 would be a more realistic value based on average cost data of eleven (11) stations of India if Project Cost (CC) is updated as per actual Trend of escalation.


In comparison, data from nine (9) US Steam Plants indicate the value 0.016 as % OMP factor.  However, the work culture and economic factors, which influence % OMP, in USA are totally different from those in India.

4.2.0
It has been discussed in Output 2 that the statement in Para 4.1.0 above holds good provided the project Completion Cost (CC) is updated or escalated year to year on the basis of Trend of Project Cost escalation in relation to a Base Year value.


The above relationship does not hold good if the Escalation Factor, based on Price Indices as per CEA Norms, is applied.  The calculated OMP percentage factor on the basis of CEA Norms is 0.030.

4.3.0
In case of CCCT Stations the OMP percentage factor on the basis of actual escalated project cost is 0.0221 by analysis of cost figures of only two Indian Stations for the years 1993-94 to 1999-2000.


The OMP percentage factor on the basis of CEA Norms is 0.0415 as calculated.


The OMP percentage factor evaluated from six (6) plants in USA is 0.042.

4.4.0
The wide difference between the % OMP calculated using actual trend of escalation of Project Cost and that calculated by CEA Norms can be explained by a sudden rise in Project Cost.  The existing CEA Norms cannot take care of such sudden rise by Price Index based escalation rate.


It is quite obvious that Power Projects, which have high percentage of imported components (cost-wise) are not guided by Indian Price Index Base escalation formula.  Till recent times most of the CCCT projects in India have high percentage of imported components.  This is not so in case of Steam Power Stations and explains close values of % OMP.

4.5.0
The high value of % OMP (0.042) in case of plants in USA can be explained by the fact the Cost/kW installed for CCCT in USA is lower than Cost/kW installed for Steam Power Stations.

4.6.0
It is also to be appreciated that due to major maintenance work schedule after every two to three years for Gas Turbine Generators, the O&M Cost vary widely from the average value, unlike Steam Power Stations, where the schedule for maintenance is annual.

4.7.0
In spite of all this analysis, it will not be wise to propose 0.0221% OMP factor as found due to the fact that only two CCCT Station data could be evaluated.


As such, it is recommended to establish the % OMP factor for CCCT station only after evaluation of Cost Data from at least three or four additional stations in India.

4.8.0
It is not possible to propose any % OMP factor for Diesel Engine Generating Station as no Cost Data were available for evaluation.  As regards US Plants, it is stated earlier (Ref.: Output 2) that only one representative base load station with 55% average PLF could be located and cost data evaluated.  The % OMP factor for this station is 0.088    (average).  Most of the Diesel Engine Units in USA are either Peaking Units or Emergency Standby.


This study is also not in a position to address the efficacy of factor 0.04 for 4- stroke Diesel Engine Generating Station, since even U.S. plants are silent about number of stroke of these engines.

5.0.0
EFFICACY OF O&M PERCENTAGE FACTOR USED ON CAPITAL EXPENDITURE (CC) OF A PROJECT :


Review and analysis of actual cost data of Steam Power Stations revealed that there exists a definite relationship between the O&M Cost and escalated Project Completion Cost as indicated by the % OMP factor.  It is seen that % OMP  factor vary within close limits for Steam Power Stations.  However, it is important to update the project cost on actual escalation trend basis every year.

5.1.0
In case of CCCT this relationship depend on factors like Imported Component Cost, Cost of Maintenance Service from Original Equipment Manufacturer (OEM), Schedule of Major Maintenance apart from Trend of Project Cost escalation.


As such, it is not possible to establish a definite relationship as in the existing CEA Norm formula.

5.2.0
The same argument, as item 5.1.0 apply to Diesel Engine Generating Stations as well if the units are imported.

6.0.0
EFFICACY OF PERCENTAGE FACTORS USED IN THE WP & CP:


The issue is whether the existing 70% of Wholesale Price Index and 30% of Consumers Price Index as used in the CEA formula will provide realistic escalation of Cost.


Analysis revealed that this formula provide lower escalation rate than actual escalation.  There is also a controversy about the price items included in WP & CP.


As such, to eliminate uncertainty it is proposed that actual escalation rate of Power Project Cost be established by Trend Analysis. Every year so many Power Project Proposals are submitted for approval by Govt. of India.  These proposals are prepared by consultants and experts in the field from actual Budgetary Prices from Equipment Manufacturers and Constructors.


A fairly accurate Trend of Escalation can be prepared from this data and Notified as in the case of WP & CP.

7.0.0
RATIONALITY OF LINKING O&M COST NORM WITH CAPITAL EXPENDITURE OF A PROJECT :


Possibly the basic concept of linking O & M Cost Norm with the Capital Expenditure is for the following :


-
Operation & Maintenance Cost of a Power Station intrinsically dependent on the Technology of the system.  


-
Layout and location of the plant has effect on O&M cost.


-
Fuel & Refuse handling system also have effect on O&M cost.


The O&M Cost consists of expenditure on account of :


-
Supervision


-
Required Manpower


-
Spare Parts


-
Consumables other than fuel


-
Insurance


It  is evident that the expenditure for each and every aforementioned item is subject to escalation with time, which in turn depend on Socio-Economic-Political environment.


As such, the escalation of O&M Cost has been linked with the Wholesale Price Index and Consumer Price Index, with certain percentage factor for each, in the CEA Norm.


In principle the concept is rational but there are number of limitations as enumerated below :


A)
It is true that O&M Cost depend on the Technology of the system in general.  However, the Technology factor on O&M Cost do not bare a fixed relation with the cost of implementation.



For example, the implementation cost of a sophisticated modern technology is high but due to automation the expenditure for manpower is low and the reverse is also true.


B)
The Geographical Location of a plant and terrain of the site considerably affect the project cost.  As such, Cost/kW installed for any specific project may be considerably different from the general trend of Cost/kW of that category of a plant.


C)
It has also been discussed earlier that a Power Station, which has high percentage of costwise imported components (e.g. CCCT) requires assistance for maintenance of OEM located abroad , such assistance does not follow escalation trends in India.


D)
It was also discussed earlier that unlike Steam Power Stations, Gas Turbine and Diesel Engine Generating Units require periodic major maintenance as per Schedule.  As such for GT and DG, consequent variation of O&M Cost from average values on year to year basis cannot be taken care of.


E)
It has also been projected earlier (Ref.: Output 2) that the Cost Indices based CEA Norm produces a different escalation factor (generally lower) than that of average actual factor.  The difference is small for Steam Power Stations, but it is wide for other stations.


F)
The concept has no bearing with either Efficiency of Plant Operation or Availability of Generating Stations.


In view of above limitations it is felt that possible Alternative Norm for more realistic application may be explored.

8.0.0
POSSIBLE ALTERNATIVES TO CEA NORMS:


The following is a discussion on the possibility of Linking O&M Cost with the Cost of Generation of Power.

8.1.0
The Generation Cost is defined as the expenditure for Generation of Power excluding the fixed charges but including the Operation & Maintenance Cost.


In other words, Generation Cost constitutes O&M Cost and Variable Charges (i.e. Fuel Cost and Other Costs as defined in `Govt. Notification’).

8.2.0
Relationship of O&M Cost with Generation Cost


It is explored whether a definite relationship exists between Generation Cost and O&M Cost.


By definition :


R%
=
O&M   Cost      (O&M)     X  100




Generation Cost (GC)


Where
:
R% is the relationship percentage factor



 .



.  . 

100   =  GC        =   (O&M) + (Fuel Cost + Other Costs)




R%
 O&M

 
   (O&M)


Since, other variable cost is insignificant compared to Fuel Cost, its contribution is neglected.


Hence, 
100    =   1   +   Fuel Cost (F.C.)



R% 
                 O&M


Basically there is need to examine the relationship between Fuel Cost and O&M Cost.

8.3.0
Calculation & Evaluation of R% Factor :


The relationship percentage factor (R%) above, were determined from actual cost data of Steam Power Stations, CCCT Stations and Diesel Engine Generating Stations of India and USA in the earlier Paper on Analytical Review (Ref.: Output 1 & Output 2) .


The Calculated results and Curves Generated have been projected in TAB – 1 & Fig. 1 attached.


It is evident from above that a definite relationship exists between O&M Cost and Generation Cost, which is basically the relationship between the O&M Cost and Cost of Fuel Consumed for Generation.

8.4.0
Evaluation of the Relationship between O&M Cost and Cost of Fuel Consumed:


1)
It is found from actual cost data that a relationship between Generation Cost & O&M Cost exists varying within a narrow band of limits depending on the defined PLF limits.




It follows that the -




O&M Cost (O&M)  (  
Cost of Fuel (FC) Consumed.
 




2)
It is obvious that increase of fuel consumed indicate higher Availability and higher production and efficient operation and maintenance.


3)
If there is no restriction on evacuation of power generated, lower rate of fuel consumption indicate poor or inefficient maintenance.

9.0.0
AN APPROACH TO COST OF GENERATION BASED NORM :

9.1.0
It can be shown by further study and evaluation of actual cost data that the relationship factor R% depends on Plant Load Factor (PLF).

9.2.0
The cost of supervision and manpower after last unit of the plant is installed depends on Salaries & Benefits which in turn depend on pay structure of a Company and prevailing economic factors and Price Indices of the Land.  However, this cost does not change with Generation/Fuel Cost.

9.3.0
Maintenance Cost increases within a defined limit of PLF to sustain high Availability and Efficiency, thus it is directly proportional to increased cost of fuel consumed.

9.4.0
However, cost of Maintenance increases when there are outage of units for forced or schedule maintenance and the generation drops, resulting decrease in fuel cost.  This changes the PLF and also changes the proportionality factor R %.

9.5.0
The cost of contract labour, external assistance if necessary and spare parts for maintenance are subject ton escalation with time and prevailing economic factors of the land.

9.6.0
It is interesting to note that the Cost of Fuel also is subject to escalation depending on economic factors of the land.


Hence, the escalation of O&M Costs subject to economic factors of the Land automatically cancel out by escalation of Fuel Cost.

10.0.0
CONCLUSION


The only uncertainty remains for the variation of R % factor for variation of PLF.


It is proposed that a Normative PLF may be fixed and constant R% factor can be determined for a Band Width of variation of PLF based on actual Generation Cost data of the three types of Plants under review.

Determination of Normative PLF is beyond the scope of this paper.

11.0.0
FINAL PROPOSAL

11.1.0
Alternative-I


On the basis of above evaluation and study it is proposed that a Generation Cost Based O&M Cost Norms may be introduced which has the following advantages :


A)
Escalation factor of O&M Cost is automatically taken care of.


B)
Efficiency & Availability factors are built-in.


The proposed O&M Cost Model is :


(O&M Cost)n
=
R% x (Fuel Cost)n





        100 - R%


Where

:
n
=  n-th year of Operation





R%=  (O&M) percentage factor of Generation Cost 







Specified for a Band Width of PLF depending







on Normative PLF.


C)
Fuel Cost for a unit can be calculated easily from Plant Heat Rate and Unit Price of Fuel.


Hence, O & M Cost can be calculated independently without any other considerations ( e.g. Project Cost, Escalation Factor, etc.) using the proposed formula.

11.2.0
Alternative-II


The second alternative is Availability Based Tariff as proposed by CERC.

	TAB - 1

	R (O & M Cost / Generation Cost) , %

	
	
	
	

	ST Station, U.S.A.

	Year
	Total Non-Fuel O&M Cost  $/MWh
	Total Generation Cost  $/MWh
	R  %

	1988
	3.32
	19.07
	16.43

	1989
	3.04
	18.98
	15.35

	1990
	3.12
	18.99
	15.56

	1991
	3.09
	18.36
	15.86

	1992
	3.31
	18.80
	16.73

	1993
	2.93
	17.40
	16.57

	1994
	3.22
	18.21
	17.61

	1995
	3.65
	18.30
	19.55

	1996
	3.45
	17.97
	18.45

	1997
	3.48
	17.63
	19.19

	1998
	3.72
	17.31
	20.72

	
	
	
	

	CCCT Station, U.S.A.

	Year
	Total Non-Fuel O&M Cost  $/MWh
	Total Generation Cost  $/MWh
	R  %

	1992
	4.35
	25.52
	18.05

	1993
	5.91
	36.28
	14.53

	1994
	5.53
	33.59
	16.34

	1995
	6.53
	37.26
	17.20

	1996
	6.33
	37.01
	17.42

	1997
	6.73
	39.07
	17.83

	1998
	5.91
	35.58
	15.37

	
	
	
	

	DG Station , U.S.A.

	Year
	Total Non-Fuel O&M Cost  $/MWh
	Total Generation Cost  $/MWh
	R  %

	1995
	27.16
	81.97
	39.44

	1996
	25.72
	90.34
	34.46

	1997
	26.11
	89.31
	36.36

	1998
	22.77
	82.95
	35.84

	
	
	
	

	ST Station ,Domestic (Ref: TAB-9,Output 1)
	
	

	Year
	R  %
	
	

	1995
	9.37
	
	

	1996
	8.09
	
	

	1997
	9.18
	
	

	1998
	9.36
	
	

	1999
	10.29
	
	

	
	
	
	

	Note : 
	R  % = O&M Cost/Generation Cost  %
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