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SUMMARY
The paper is concerned with the evaluation procedure of asset management efficiency of T&D (power transmission and distribution) utilities.

The procedure offered utilizes the set of Key Performance Indicators (KPIs), which are used for: preparing and validating analytical reports on a T&D utility’s functional reliability and financial situation; estimating the impact financial risks have on the utility’s operations; managing investment and financial risks themselves; conducting integrated evaluation procedure of the utility’s activities to be used as a base for T&D sector comparative studying or for determining key trends in the utility’s development.

T&D utilities’ main activities and long-term goals were taken into account in the process of developing the set of KPI’s, which was designed to comprise 3 basic blocks:

1. Functional reliability;

2. Financial condition;

3. Investment prospects.

Calculated KPI’s are used to conduct the aforementioned evaluation procedure and comparative studies of T&D sector in a given country or region.

Reliability analysis implicates not only calculating reliability indices and metrics, but determining the level of customer satisfaction with the utility’s service quality and availability. Therefore, in this paper we are using the following standard reliability metrics: System Average Interruption Duration Index (SAIDI), System Average Interruption Frequency Index (SAIFI), Customer Average Interruption Duration Index (CAIDI). The latter accounts for the customer satisfaction aspect: minimized interruptions time is what any individual customer wants from a T&D energy utility.

Financial analysis of a T&D utility implicates studying company’s liquidity, business solvency, management of accounts payable and accounts receivable. Our evaluation procedure makes use of such indicators as Working Capital Ratio, Financial Stability Index and Short-Term Operating Cost Ratio.

Investment prospects of a T&D utility are measured with well-known and already widespread metrics: Return on Sales, Return on Invested Capital, Invested Capital Turnover Ratio. All the KPIs and benchmarking criteria suitable for them are outlined in Table 1.

Table 1. Introducing the set of KPIs.

	#
	KPIs
	Benchmarking Criteria

	BLOCK 1 – RELIABILITY

	1
	System Average Interruption Duration Index (SAIDI)
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	2
	System Average Interruption Frequency Index (SAIFI)
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	3
	Customer Average Interruption Duration Index (CAIDI)
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	BLOCK 2 – FINANCIAL

	4
	Working Capital Ratio (WCR)
	1,3-1,4

	5
	Financial Stability Index (FSI)
	0,85-0,9

	6
	Short-Term Operating Cost Ratio (STOCR)
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	BLOCK 2 – INVESTMENT PROSPECTS

	7
	Return on Sales (ROS)
	[image: image5.wmf]max

®



	8
	Return on Invested Capital (ROIC)
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	9
	Invested Capital Turnover Ratio (ICTR)
	[image: image7.wmf]max

®




In order to conduct the evaluation procedure and figure out its results, we obviously need some kind of a mathematical function (1):
IUR = f (SAIDI, SAIFI, CAIDI, WCR, FSI, STOCR, ROS, ROIC, ICTR) (1),

where IUR stands for Integrated Utility Rating, which is functionally depending on nine proposed KPIs.

Some of the benchmarking criteria are practically unreachable (how can a utility have infinitesimal SAIDI or infinite ROS – it’s just not possible), so we decided to introduce the standardization procedure for KPIs with such criteria. It allows us to make IUR calculable and usable for further analysis. The principles of such standardization are outlined in details in our report, which also contains an example of testing the evaluation procedure itself with statistical input obtained directly from T&D utilities operating in Russian Federation’s power transmission and distribution market.
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Nowadays major impacts of ongoing economic crisis (especially in the developed countries) do call for increases in resource management efficiency in all industries, power industry included. Therefore, great attention of power grid utilities (power transmission and distribution companies) is devoted to asset management principles and programs. Russian T&D companies also face similar problems, but the situation here is worsened by sweeping power industry reforms implemented in the country and difficulties which have necessarily arisen from the completion of those reforms (some experts even now consider the reforms not fully implemented, and the reformation process still not finished).
For quite a long time, effective budget planning has been one of the key problems in the context of T&D companies’ asset management. If CBM (condition-based maintenance), based  predominantly on diagnostics, is used in a company, either for each and every physical asset or only partially, one cannot predict even the necessary quantity and scale of MRO (Maintenance, Repair and Overhaul)  operations in the future, let alone the cash reserves needed to conduct these operations. That’s not the only problem: the majority of T&D companies in the developed countries are struggling to transform themselves into the customer-oriented businesses; regulatory requirements and power market rules are constantly evolving. So, we can presume that the universal asset management methodology applicable in all T&D companies is not waiting for us around the next corner. Moreover, such a methodology as a set of static and strictly formalized rules not yet discovered may not exist at all.
One cannot manage assets effectively without introducing some kind of results evaluation procedure, which implies the KPI setup (choosing and structuring the key performance Indicators), efficiency analysis, arranging the companies according to their results accomplished during period under review and determining the key areas, where additional resources are most needed. This paper is concerned with the evaluation procedure of asset management efficiency of T&D utilities. We have briefly summarized the complexities of asset management program drafting, and it’s time to shift our focus to the field of efficiency evaluation.
The set of KPIs introduced in this paper comprises 3 main blocks, devised according to T&D companies’ main activities and objectives:
1. Reliability analysis
2. Financial analysis
3. Investment prospects

Calculated KPI’s are used to conduct the aforementioned evaluation procedure and comparative studies of T&D sector in a given country or region.
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Figure 1. Implementing the evaluation procedure of asset management efficiency of power grid utilities (T&D companies)
It’s obviously needed to consider each of the three main KPI blocks in detail. 
Reliability analysis (block 1) comprises system reliability analysis as well as measuring customer satisfaction levels in regard to service availability and service quality. The following KPIs explicitly described in [1,3] are used in this block:

System Average Interruption Duration Index (SAIDI) which is calculated as:
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   (1), where
N is the sum of annual power outage durations for all customers (usually expressed in hours), С is the number of a T&D company’s customers in a year under review.
System Average Interruption Frequency Index (SAIFI) which is calculated as:
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   (2), where
O is total number of customer interruptions during the year under review; С is the number of a T&D company’s customers.
Customer Average Interruption Duration Index (CAIDI) which is calculated as:
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(3), where

N is the sum of annual power outage durations for all customers (usually expressed in hours), O is total number of customer interruptions during the year under review. CAIDI value can also be derived from values of corresponding SAIDI and SAIFI metrics.
Financial analysis (block 2) implies analysis of liquidity, financial stability, accounts payable and accounts receivable. The methodology proposed makes use of the following KPIs:
Working Capital Ratio (WCR) which is calculated as:
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 (4), where
CA is monetary value of company’s current assets, CL is monetary value of company’s current liabilities. WCR is a well-known measure of a company’s current solvency.
Financial Stability Index (FSI) which is calculated as:
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 (5) , where
FA is monetary value of company’s fixed assets, NWC is monetary value of company’s net working capital, A is monetary value of company’s total assets. FSI is a measure of company’s ability to finance its activities from its equity, and therefore, the index can be used to determine a degree of company’s dependence on creditors.
Short-Term Operating Cost Ratio (STOCR) which is calculated as:
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 (6) , where
RT is accounts receivable turnover ratio, PT is accounts payable turnover ratio. STOCR is a measure of company’s customer and supplier operations efficiency.

In our opinion, Investment prospects (block 3) of a T&D company can be measured using the following KPIs:
Return on Sales (ROS), which is calculated as:
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 (7) , where
NP is company’s net profit, SR is sales revenue. Return on sales is fairly well-known and is very widely used in different industries. It can be considered the key indicator of investment prospects as company’s high profits and rate of return generate additional stimuli to invest more in this company.
Return on invested capital (ROIC), which is calculated as:
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 (8), where
NP is company’s net profit, E is company’s equity, LL stands for company’s long-term liabilities. ROIC is often used to calculate return on invested capital, therefore ROIC value says a lot about company’s investment prospects.

Invested Capital Turnover Ratio (ICTR),which is calculated as:
ICTR = [image: image26.png]alC



(9), where
SR is company’s sales revenue; AIC is invested capital yearly average. ICTR is a measure of investment turnover speed in a T&D company and has its impacts on investment prospects. Higher capital turnover speed means higher capital management efficiency, and a company becomes more attractive for investors.

Theoretically ideal (but not practically reachable) values of all KPIs of a T&D company are outlined in Table 1 below. We are going to use them as some kind of initial benchmarking criteria. At this point, the process of development of the evaluation procedure meets further complications, as two KPIs (№№ 4,5) do not have a single theoretically ideal value, instead their ideal values belong to the certain range. For Russian T&D companies boundaries of this range have been elaborated in [4], for all the other subjects corrections are considered possible.
Table 1. The set of KPIs used and their theoretically ideal value (benchmarking criteria)
	#
	KPIs
	Benchmarking Criteria

	BLOCK 1 – RELIABILITY

	1
	System Average Interruption Duration Index (SAIDI)
	[image: image27.wmf]min

®



	2
	System Average Interruption Frequency Index (SAIFI)
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	3
	Customer Average Interruption Duration Index (CAIDI)
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	BLOCK 2 – FINANCIAL

	4
	Working Capital Ratio (WCR)
	1,3-1,4

	5
	Financial Stability Index (FSI)
	0,85-0,9

	6
	Short-Term Operating Cost Ratio (STOCR)
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	BLOCK 2 – INVESTMENT PROSPECTS

	7
	Return on Sales (ROS)
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	8
	Return on Invested Capital (ROIC)
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	9
	Invested Capital Turnover Ratio (ICTR)
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In order to conduct the evaluation procedure and figure out its results, we obviously need some kind of a mathematical function (10):
IUR = f (SAIDI, SAIFI, CAIDI, WCR, FSI, STOCR, ROS, ROIC, ICTR) (10),

where IUR stands for Integrated Utility Rating, which is functionally depending on nine proposed KPIs. In our opinion, such a function obviously has to meet certain requirements [2]
· It has to present an estimation of integral asset management efficiency of a T&D company, preserving the needed balance between 3 KPI blocks;

· It has to be suitable for conducting comparative studies and to serve as a base for analyzing results of those studies
· It has to be used as a specific «alarm signal» for asset managers, warning them about impending crises in company’s business;
· It has to be relatively straightforward and easy to use.
Meanwhile, ideal benchmarks for the significant majority of KPIs are obviously out of reach in practice, е.g. infinite ROS or 100 per cent reliability. Client-oriented approach, moreover, implies the comparison of currently operating T&D companies from the perspective of customer satisfaction with their services. So, some kind of mathematical transformation of the IUR function is seriously called for.
It was decided to introduce the standardization methodology for KPIs in order to allow us to make IUR calculable and usable for further analysis:

· For KPIs with infinitesimal ideal benchmarking value (№№ 1-3) we introduce the smallest of real values achieved by T&D companies operating in the market  (Russia, Western Europe, Eastern Europe, USA…) as a reference for the year under review. The standardized value for the best company (reference value) is taken as 1, as for all the others, it is calculated as:
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  (11), where
· [image: image37.png]


is the standardized value, Pref is the factual KPI value for the best company,  [image: image39.png]


is the factual KPI value for the ith company (a company to which number i is assigned in the database). Standardized values all belong to (0:1] interval.
· For KPIs with infinite ideal benchmarking value (№№ 6-9) the largest of real values achieved by T&D companies operating in the market is used as a reference for the year under review. The standardized value for the best company (reference value) is taken as 1, as for all the others, it is calculated as
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 (12), where
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is the standardized value, Pref is the factual KPI value for the best company,  [image: image45.png]


is the factual KPI value for the ith company. If (12) yields negative values (it’s possible e.g. for ROS to be negative when a company declares losses instead of profits), investment prospects are obviously low and the standardized value is taken as zero. As a result, standardized values all belong to (0:1] interval again. 

· For the KPIs with ideal values belonging to the certain positive range (№№ 4,5), we resort to combine (11) and (12) in the following way:
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   (13)

If the company is just on the mark with the ideal KPI value, the result of calculating (13) will be 1, otherwise the standardized value is bound to belong to (0:1) interval. 

 IUR function is then calculated using the following formula:  
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   (14),  where
	


[image: image51.png]IUR



 is the integrated utility efficiency rating,  [image: image53.png]
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are the standardized KPI values. The lesser the IUR, the better is the estimate of company’s current asset management efficiency. 

The methodology offered has undergone some tests on the factual T&D sector data. As an example, we have conducted analysis of asset management efficiency in 6 Russian power distribution companies (MRSK)  - futher denoted with letters from A to F - during the three-year period (earlier statistical input needed to calculate the IUR function is not available due to lack of data collected by companies themselves). Factual values of the KPIs are outlined in Table 2 (reference values in bold):
Table 2. The KPI values for T&D companies under review
	KPI
	Year
	Ideal benchmark
	Company

	
	
	
	A
	B
	C
	D
	E
	F

	SAIDI
	2008
	min
	0,001052
	0,002312
	0,001312
	0,000955
	0,000868
	0,001048

	
	2009
	min
	0,001087
	0,002237
	0,001306
	0,000839
	0,000872
	0,000994

	
	2010
	min
	0,001062
	0,002238
	0,001275
	0,000817
	0,000866
	0,000985

	CAIDI
	2008
	min
	399,3
	540,77
	480,06
	565,29
	483,78
	419,93

	
	2009
	min
	220,75
	536,47
	382,85
	416,94
	355,53
	311,93

	
	2010
	min
	197,82
	375,33
	345,19
	379,53
	300,35
	294,52

	SAIFI
	2008
	min
	0,42
	1,25
	0,63
	0,54
	0,42
	0,29

	
	2009
	min
	0,24
	1,2
	0,5
	0,35
	0,31
	0,31

	
	2010
	min
	0,21
	0,84
	0,44
	0,31
	0,26
	0,29

	WCR
	2008
	1,4
	0,53
	0,72
	0,62
	0,6
	0,94
	0,85

	
	2009
	1,4
	0,49
	0,87
	0,78
	0,69
	0,91
	1,1

	
	2010
	1,4
	0,69
	1,08
	1,1
	0,74
	0,93
	1,58

	FSI
	2008
	0,88
	0,75
	0,81
	0,8
	0,74
	0,84
	0,82

	
	2009
	0,88
	0,73
	0,8
	0,82
	0,77
	0,8
	0,86

	
	2010
	0,88
	0,8
	0,83
	0,85
	0,77
	0,81
	0,9

	STOCR
	2008
	max
	1,11
	1,17
	1,06
	0,74
	1,35
	0,87

	
	2009
	max
	1,21
	0,86
	1,04
	0,87
	1,15
	0,69

	
	2010
	max
	1,04
	0,92
	1,05
	1,02
	1,09
	0,87

	ROS
	2008
	max
	6,37%
	4,62%
	1,62%
	4,23%
	4,89%
	6,62%

	
	2009
	max
	4,27%
	0,18%
	4,08%
	-1,94%
	1,61%
	4,43%

	
	2010
	max
	8,42%
	-1,08%
	4,17%
	-5,46%
	1,53%
	1,43%

	ROIC
	2008
	max
	1,29
	0,95
	0,99
	1,18
	1,06
	1,30

	
	2009
	max
	1,32
	1
	1,05
	1,19
	1,18
	1,09

	
	2010
	max
	1,32
	1,02
	1,15
	1,28
	1,27
	1,37

	ICTR
	2008
	max
	8,21%
	4,38%
	1,61%
	4,99%
	5,21%
	8,61%

	
	2009
	max
	5,64%
	0,18%
	4,28%
	-2,31%
	1,91%
	4,84%

	
	2010
	max
	11,09%
	-1,10%
	4,79%
	-6,99%
	1,94%
	1,97%


The standardized KPI values calculated with formulas (11, 12, 13) for the same companies are outlined below in Table 3:
Table 3. The standardized KPI values for T&D companies under review
	KPI
	Year
	Company

	
	
	A
	B
	C
	D
	E
	F

	SAIDI
	2008
	0,83
	0,38
	0,66
	0,91
	1,00
	0,83

	
	2009
	0,77
	0,38
	0,64
	1,00
	0,96
	0,84

	
	2010
	0,77
	0,36
	0,64
	1,00
	0,94
	0,83

	CAIDI
	2008
	1,00
	0,74
	0,83
	0,71
	0,83
	0,95

	
	2009
	1,00
	0,41
	0,58
	0,53
	0,62
	0,71

	
	2010
	1,00
	0,53
	0,57
	0,52
	0,66
	0,67

	SAIFI
	2008
	1,00
	0,34
	0,67
	0,78
	1,00
	0,95

	
	2009
	1,00
	0,20
	0,48
	0,69
	0,77
	0,77

	
	2010
	1,00
	0,25
	0,48
	0,68
	0,81
	0,72

	WCR
	2008
	0,38
	0,51
	0,44
	0,43
	0,67
	0,61

	
	2009
	0,35
	0,62
	0,56
	0,49
	0,65
	0,79

	
	2010
	0,49
	0,77
	0,79
	0,53
	0,66
	0,89

	FSI
	2008
	0,85
	0,92
	0,91
	0,84
	0,95
	0,93

	
	2009
	0,83
	0,91
	0,93
	0,88
	0,91
	0,98

	
	2010
	0,91
	0,94
	0,97
	0,88
	0,92
	0,98

	STORC
	2008
	0,82
	0,87
	0,79
	0,55
	1,00
	0,64

	
	2009
	1,00
	0,71
	0,86
	0,72
	0,95
	0,57

	
	2010
	0,95
	0,84
	0,96
	0,94
	1,00
	0,80

	ROS
	2008
	0,96
	0,70
	0,24
	0,64
	0,74
	1,00

	
	2009
	0,96
	0,04
	0,92
	0,00
	0,36
	1,00

	
	2010
	1,00
	0,00
	0,50
	0,00
	0,18
	0,17

	ROIC
	2008
	0,99
	0,73
	0,76
	0,91
	0,82
	1,00

	
	2009
	1,00
	0,76
	0,80
	0,90
	0,89
	0,83

	
	2010
	0,96
	0,74
	0,84
	0,93
	0,93
	1,00

	ICTR
	2008
	0,95
	0,51
	0,19
	0,58
	0,61
	1,00

	
	2009
	1,00
	0,03
	0,76
	0,00
	0,34
	0,86

	
	2010
	1,00
	0,00
	0,43
	0,00
	0,17
	0,18


Data from the tables above finally allows us to calculate IUR using (14), results are outlined in the Table 4 below.
Table 4. IUR calculating results for six companies under review
	Item
	Year
	Company

	
	
	A
	B
	C
	D
	E
	F

	IUR, Integrated Asset Management Efficiency Rating
	2008
	0,688
	1,251
	1,381
	1,008
	0,632
	0,565

	
	2009
	0,710
	1,878
	0,951
	1,638
	1,088
	0,665

	
	2010
	0,568
	1,826
	1,112
	1,606
	1,277
	1,278


The following conclusions can be made according to the results of asset management efficiency estimating procedure:

· Company A has the leading positions during all three years, and therefore it manages assets in the most effective way;

· The global financial crisis have had its toll on company F. IUR has significantly increased in 2009-2010, mainly due to decline in ROS. So, financial management in this company has to be prioritized, «impending crisis alarm» has already sounded;

· Company C has made it to the second place in the rating starting from the sixth. There had been a considerable improvement in all 3 main aspects. It gives evidence of rational asset management policy and implementation of long-term strategy and planning. At the same time, the reliability estimates are not very satisfactory, customer and regulatory issues might arise in the near future problems and have to be prioritized;
· Companies B,D and E were equally affected by the global crisis of 2009, which has led to the sharp increase in IUR. Moreover, B have had the worst reliability estimate during all three years, it must place physical asset and physical risk management on top of its priority list;

· Situation in power distribution sector as a whole has predictably worsened after the global crisis. 
We can see that procedure offered provides us with a useful tool to analyze current situation in power transmission and distribution sector, conduct comparative studies of various T&D companies, estimate their asset management efficiency and issue strategic development recommendations.
Conclusions:

· The problem of asset management efficiency evaluation is currently of immediate interest from scientific as well as practical point of view;
· The procedure offered in this paper comprises 3 main KPI blocks and can be used for balanced asset management efficiency estimation of T&D companies;
· Practical approbation conducted with data from 6 Russian distribution companies currently operating in the country has led us to the conclusion that procedure offered provides us with a useful tool to analyze current situation in power transmission and distribution sector, conduct comparative studies of various T&D companies, estimate their asset management efficiency and issue strategic development recommendations.
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