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Abstract

Currently, "metric" benchmarking has been widely applied in the water service sector. It
is argued being a managerial tool to boost the efficient performance of water service
sector in the absence of market mechanism in the sector.

At the same time, a consistent method in application of "metric" benchmarking in the
sector is still on discussion. Some advocate the partial cost indicator method while
others use the total cost indicator method. In addition, in relation with the indicator
selection, a term so called "double jeopardy" issue has received series of concerns by
various authors on literature.

The uncompleted benchmarking approaches together with the "double jeopardy" issue
raises a problem in efficient measurement of benchmarking practice. This problem is
the distortion of efficient benchmarking results by the "double jeopardy".

In this research, an analysis is made on the relation between capital costs and
operational indicators using three cases located in the Netherlands water supply
companies in four years, and the UK over seven years and Vietnam in one year in order
to firstly examine the real existence of "double jeopardy" in the selected water sector,
secondly get insight into the vulnerability of different benchmarking results to the
"double jeopardy" issue, lastly test the consistence of different benchmarking results in
a selected case.

Relationship between the capital and operational costs of the three selected cases is
analyzed by application of regression model. The consistence between benchmarking
results is carried on by the application of comparative analyses.

The results from the regression model suggest that "double jeopardy" really exist in the
selected cases and the results of partial benchmarking scheme are more vulnerable to
the "double jeopardy" issue. The comparative analysis shows that there is inconsistent
between the partial and total cost benchmarking results. These research results comply
with the current knowledge about the issues.

Within the findings of the research at hand, it enables the benchmarking initiatives to
select appropriate financial indicators to measure the efficiency of water utilities.
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Chapter 1 Introduction

The purpose of this chapter is to introduce generally the research topic. First, it shows
that benchmarking has been used widely in the public sector especially in water sector.
Second, it presents different benchmarking methods used to measure efficiencies in
public utilities. Lastly, the chapter raises a problem resulting from different
benchmarking indicator selection by two benchmarking approaches.

I. Background
In 1979, competitiveness of the Xerox's copiers was in extreme low position in
comparison with those of its Japanese competitors. The costs for producing Xerox's
copying machines were equal to the price of those Japanese companies. This triggered
out a new management tool which was applied to boost the competitiveness of Xerox.
Such a tool is called "benchmarking". The benchmarking tool has two main types. One

Water quality
Quality of drinking
water expressed in

a single figure

Service

Clients polled on
perception of

service

Reflections on
performance

Environment

Environmental
impact expressed in

a single figure,
efforts catalogued

Finance &

Efficiency

Tariff & costs
collated in a closed

Figure 1: Main areas of "metric " benchmarking
Source: Larsson et al. (2002)

is Process Benchmarking, whose comparisons are based on the process of benchmarked
organizations. The other is the "metric benchmarking" whose comparisons are based on
performance indicators.

Specifically, "Metric benchmarking" is the quantitative measurement of performance of
a utility against other utilities or the industry over time, using key performance
indicators (KPIs) which are not versatile to apply in any benchmarking schemes but
each initiative will tailor its own KPIs set. One example of KPIs by The International
Benchmarking Network for Water and Sanitation Utilities (IBNET) is presented in
annex 1.

In "metric" benchmarking there are four areas needed to be measured as shown in
Figure 1. Here the water quality complies with drinking water standards set by
authorities. The quality of service is the extent to which expectations of customers are
met. It is represented by indicators like reliability, responsiveness and consideration etc.

The environmental area is to estimate the impacts of water production and distribution
on environment. This estimation is done by the application of environmental Life Cycle

1



Analysis according to Eco-Indicator method which was tailored by Kiwa to use in water
sector. Lastly, the finance and efficiency area take into the revenue and all costs
presented on balance sheets of water utilities.

In "metric" benchmarking as mentioned by Diewart and Nakamura (1999) the core of a
benchmarking exercise is the selections of a set of indicators which measure given
aspects of a water company. Hence, careful selection of indicators allows the
benchmarking scheme to reflect closely the real performance of a water company.

Returning to the Xerox's story, after the application of benchmarking two years, in 1981
the performance of Xerox achieved big improvement. Its labour costs reduced 30
percentage and the defected machines also decreased by 90 percentages. Since then the
application of benchmarking has been widely expanded over other giant corporations
like Motorola, General Motor, and AT&T. According to Ed Boyce, a vice president of
Vienna, Virginia-based Kaiser Associates, 60 to 70 per cent of the largest US
companies are undertaking some kind of benchmarking programs (Fong 1998).

The successful story of benchmarking application in private sector also conquers the
public sector. Shleifer (1985) suggested a method of application of benchmarking in the
public sector. The author's idea is to compare the costs of a public utility with an
efficient utility in the industry. From the onset, around the world, benchmarking has
been receiving many promotions by various regulatory bodies and other initiatives such
as regulators use benchmarking to set revenue requirements in public sectors (Irastorza
2003). They consider benchmarking an incentive to promote efficiency in the absence
of market mechanism in the public domain (Giannakis et al. 2004). Donors use
benchmarking to give loans to the utilities. Thus, objectives of benchmarking are to
improve performance and to implement new methods and processes that help to
increase the efficiency and competitiveness of an organization. It finds a "best practice"
or frontier organizations, whereby both private and public sector can learn from these
frontiers to improve their performance.

Though benchmarking is a useful management tool, its application in public sectors has
not been straightforward yet. This is because of the fact that the application of
benchmarking in public sector is very young (Kouzmin et al. 1999)

Moreover consistent theory of benchmarking in public sectors has not been well
developed. Thus, the methodology of benchmarking needs to be developed and verified
for practical application (Giannakis et al. 2004)

Like the other public sectors, benchmarking are also popular in water service sector,
The International Benchmarking Review (2001) identified some 160 benchmarking
schemes covering at least 700 water/wastewater utilities in 110 countries. The main
motivation to initiate metric benchmarking is that utilities may learn from another. The
idea is that not all problems and solutions of monopolistic providers are locally
dependent, but standard solutions may be available elsewhere (UKWIR 2001). However,
benchmarking exercises are not solely executed to enhance companies to leam from
another. Benchmarking is also executed to increase overall insight in the performance of
the sector, to set price levels, or to assess the eligibility of companies to access loans
and grants. In many cases, one benchmarking scheme serves many of these purposes
(see table 1).
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One of the main challenges for water service benchmarking engineers is to tailor a set of
performance indicators to the purpose of the benchmarking scheme (Kouzmin 1999)
and (Diewart 1999). Even more, apart from the purpose, the set of performance
indicators also needs to be adjusted to other contextual factors, like the benchmarking
partners and the accessibility of data (Drew 1997). Consequently the performance
indicators of the various benchmarking schemes vary considerably.

Table 1 shows that in all cases the purpose is for utilities to learn from another.
However, some schemes have more ambitious goals. They also want to use the
benchmarking for setting prices (like in the UK), or to judge the eligibility to access
loans (like in Vietnam). The Vietnam case is interesting since the World Bank has
agreed to make two kinds of credit accessible to individual water utilities based on their
benchmarking ranking. A higher ranking in the benchmark would enable utilities to
access to higher level of debt (Sharifian 2002). Another observation from the Table is
that in case the goal is primarily to learn from another, the OPEX benchmarking
approach seems to suffice. Only in the cases when additional purposes are served also
TOTEX benchmarking is applied. Interestingly this does not apply for the Vietnamese
benchmarking which uses an OPEX benchmarking approach.

Table I: Different approaches to "metric" benchmarking by various initiatives

Region

Euro

America

Asia

Arica

Australia

International

Benchmarking scheme

The UK Office of Water (OFWAT)
The Association of Dutch Water Companies
(VEWIN)
Norwegian association of water and wastewater
works (NORVAR)'
Finnish benchmarking model1

Danish Water and Waste Water Association1

American Water Work Association (AWWA)2

The PERU water regulator (SUNASS)J

Indian model4

Vietnam Water and Sewerage Association (VWSA)
South East Asian Water Utilities Network
(SEAWUN)
The Water Utility Partnership (WUP) for capacity
building in Africa
Australian model*
The World Bank
The international benchmarking network for water
and sanitation utilities (1BNET)
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1 Presented in Comparison and evaluation of the Northern European Benchmarking systems
2 http://www.awwa.org
3 Corton, M. L. (2003), Benchmarking in Latin Water Sector; the case of Peru, Utility Policy, 11, 133-
142.
4 2007 Benchmarking and Data Book of Water Utilities in India
5 Australian National Performance Report 2005-06



In metric benchmarking, a broad division can be made in two alternative approaches for
selecting performance indicators (Fong et al 1998). One way is to include only the
partial performance indicators, which are not set up based on the total cost. One popular
approach to partial benchmarking is to include operational costs. The main argument for
selecting only operational indicators is that utilities are able to manipulate them in the
short term. The main indicator to assess the operational financial performance is in the
OPEX (Operational Expenditures) benchmarking approach the working ratio6. Capital
expenditures (CAPEX) are excluded from the benchmarking due to their more fixed
character. Besides, partial benchmarking also means to include merely the CAPEX
indicators. In fact, CAPEX benchmarking is not executed independently but it is a part
of a total benchmarking scheme like in the UK water benchmarking. The alternative
approach is to include the full costs performance indicators. This approach is referred to
as TOTEX (total expenditures) benchmarking and is based on the argument that the
TOTEX indicators provide a more accurate reflection of the entirety of the costs of
service provision. The main performance indicators in the TOTEX relate the total costs
to the total output of the utility (like water delivered number of connections). The table
1 above presents the approaches used of selected benchmarking schemes in the water
supply and sanitation sector. This argument is strengthened by the sector's capital
intensity7 (Table 2), making the weight of the CAPEX in the full costs for water high.

Since this study is to focus on the efficiency area of "metric" benchmarking, the costs
mentioned above should be broken down in more detail. These costs include three
elements; cost of capital, depreciation and operational costs.

There are different methods to classify costs; in this study the method mentioned by
Larsson et al. (2002) is used. The full cost of water utilities is separated in the following
groups:

Operational costs (OPEX): these costs are related to daily operation of water
utilities, they are totally transferred into the value of water produced. Examples of these
costs are labour, materials, communication etc.

Capital costs (CAPEX): these costs are connected with the capital used by water
utilities. Any water utilities need capital to operate. When employed capital brings with
itself costs. This cost is divided in sub-categories, which are:

- Depreciation: this cost is associated with the fixed assets of water utilities. It is a
part of fixed asset value that is transferred gradually into the value of water
produced. It should be make clear here that in accounting term, depreciation is
considered operational cost. However, due to its strong link to investment and
constant over time, then for the purpose of this study, depreciation is put in the
capital cost group.

- Cost of loan capital: a part of the total capital investment is borrowed and this
needs interest payment for the lenders.

- Cost of equity capital: investors also invest by their own money, and when doing
this, they require a rate of return on the investment amount.

6 Working ratio is calculated by dividing the operational costs by the operational revenues.
CAPEX in the water industry accounts for 65 to 80% of the full costs of supplying the service

(Kessides, 2003; Noll, 2000).
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The table 2 shows cost items of water utilities in the UK. The capital costs accounts for
almost more than haft of the full cost of supplying water.

Table 2: Cost break down of a water companies

Items

Employment costs

Power

Hired and contracted service

Materials and consumables

Service charge

Bulk supply imports

Other direct costs

General and supported expenditures

Customer services

Scientific service

Local authority rates

Dwr Cymru Cyfydedig
Utilities8

Amount
(£000)
1,372

1,244

166

503

722

28

203

2,471

-

-

947

Doubtful debts j 418

Third party service

1 Infrastructure renewals charge

Current cost depreciated

Business activity current cost depreciated

Third party service

Interest payables

fftNMlfe*|iitalc0Vtfl . . •. j , i l , 3

Total costs

1,885

3,058

2,474

504

-

2,799

18,794

Percentage in
total costs (%)

7.30

6.62

0.88

2.68

3.84

0.15

1.08

13.15

-

-

5.04

2.22

10.03

16.27

13.16

2.68

-

14.89

100.00

Dee Valley Water PLC9

Amount
(£000)
13049

13661

9354

4292

8781

-

-

20326

10757

7556

13636

4789

9256

29819

73734

-

1380

46900

151833

267290

Percentage in
total costs (%)

4.88

5.11

3.50

1.61

3.29

-

-

7.60

4.02

2.83

5.10

1.79

3.46

11.16

27.59

-

0.52

17.55

100.00

II. Problem identification, its significances
1- Problem identification

As mentioned earlier, "metric" benchmarking is popular in water sector. It has specific
purposes by different initiatives and the benchmarking methodology is not
straightforward. All these raise the issue of how "metric" benchmarking is used in
efficient measurement of water utilities?

In fact, "metric" benchmarking exercise uses financial indicators or variables to
measure the efficiency of water utilities (Kouzmin 1999). And also according to him
(1999) and Diewart (1999) the selection of these indicators is the major issue in a
benchmarking.

Dwr Cymru Cyfydedig Utilities, Regulatory account 2007
' Dee Valley Water PLC, Regulatory Financial Statements 2007



There are two approaches to choose the financial indicators, which are partial or total
cost approaches. In the first situation, benchmarking initiatives can choose either
operational cost or capital cost variables. Like in the UK, partial approach has been
existing (Giannakis et al. 2004) and Graham (2005) while Dutch and Norwegian
regulators have preferred to use the total cost benchmarking Ajodhia (2004). Under
specific regulatory purposes, the issue of choosing different indicators is that which one
(partial or total cost indicators) are the best to measure the real efficiency of water
utilities and what are the regulated utilities' behaviours under defined set of indicators .

The behaviours of benchmarked utilities first are concerned by Ajodhia et al. (2005)
when the authors mentioned about the "double jeopardy" issue. "Double jeopardy" is a
terminology used to describe the allocating and accounting trade-off between the capital
and operational costs. The allocating trade-off relates to the investment decision. The
utilities may use different capital and labour ratio to produce the same amount of output.
In this trade-off there may be inefficient if the utilities want to meet regulatory standards
by using suboptimal capital and labour ratio. The accounting trade-off is the way that
the utilities dealing with its costs. Utilities may re-name the operational cost by capital
costs to meet the regulatory standards in benchmarking. These authors conclude that to
eliminate the trade-off, full cost benchmarking should be used and it can achieve more
consistent outcomes than building-blocks benchmarking".

Moreover, the issue of "double jeopardy" is also examined by Jamasb et al. (2004) in
other term which is called "Gaming". In incentive benchmarking regulation, Gaming is
the type of behaviours that aims to increase profits without achieving real efficiency
gains. These authors also defined two types of Gaming. One does not have a material
effect on the efficient operation of the utilities and is intended to present the
performance of the firm in a more favourable light like the case of shifting operational
costs into capital costs. The other is to distort the efficient level of the utilities by
increasing of the utilities' cost base (suboptimal capital and labour ratio) or delaying
efficient improvement.

The important note about the "double jeopardy" and Gaming terminology is that the two
terminologies in some extend are overlapped each other. Specifically, the accounting
trade-off and a part of allocating trade-off, which increases the cost base in the "double
jeopardy" is the "Gaming" activities. Because in both the two situations, there is an
endeavour to make benefit without improvement in the efficiency. On the other hand,
activities not mentioned by the "double jeopardy" such as firms try to influence the
choice of methods, variables, and the definition of variable during the consultation
period etc (Jamasb et al. 2003) are parts of "Gaming". In contrast, the optimal allocating
trade-off in the "double jeopardy" is not a "Gaming" activity. Thus, the two
terminologies are partial overlapped.

The implication behind both "double jeopardy" and Gaming in some extend is the trade-
off between the capital costs and operational costs of water utilities.

The philosophy to explain for the trade-off between operational and capital cost refers
to the Cobb-Douglas function.

Q = AKal>~a 0-1
Where A is a positive constant, a is positive fraction, K and L are the amount of
operational and capital cost consumption respectively, and lastly Q denotes to the
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quantity produced. This function has a characteristic that its isoquants has negative
slopes. Imply that there is a trade-off between the two variables.
To proof this, taking the natural log of both sides of the equation 2-1

Ini4 + a l n l + ( l - a ) l n l - l n < ? = 0 0-2
Which implicitly define L as a function of K. Application of implicit derivation rules to
the 2-2 equation, and then we have

dK dF/dL (1-a/L) fiK
dl dF/dK (a/K) aL

<0 2 -3

If this function is considered a production function of water utilities, and K and L are
capital costs and operating costs respectively, then due to the downward slope of the
iso-quantity curve there is always a sacrifice operating costs for capital costs. The driver
for this trade-off is to hide specific costs in order to provide unreal efficient level.
Because of this activity, partial cost benchmarking may be inconsistent in its results.

The trade-off mentioned in Cobb-Douglass function reflects the law of reducing
marginal benefit of capital and operational costs. This trade-off is exponential function
and the natural behaviour of a utility under a normal environment.

High and varied CAPEX are also characteristics of water service industry. This could be
seen in the Table 2 where the CAPEX accounts for 47% (the first company) and 57%
(the second company) of the full cost for supplying water. In addition, (Kessides 2003)
and (Noll et al 2000) also mentioned that capital costs of potable water industry
accounts for 65 to 80% of cost for supplying the service This large proportion of fixed
costs in water industry makes it possible to transfer its operational cost to its fixed costs
without a big notice by regulators. This transfer has severe effects on the operational
costs while small increases in the fixed part. Thus, when a benchmarking uses
operational cost variables, the benchmarking organization with incentives to reduce
operational costs may hide them in the fixed cost parts. Moreover, the fixed or capital
costs accounts for a large part of full cost of water provision. If it does not use in
benchmarking scheme, then that benchmarking practice has omitted the majority and
taken into account only the minority of the costs for supplying water. Within this
respect, the real efficient performance is not reflected wholly in the benchmarking
results.

One of the risks emerging in using OPEX benchmarking is that providers may be
tempted either to purposely manipulate the data, or to boost their operational
performance at the cost of higher CAPEX. To boost their operational performance they
may categorize OPEX costs under a CAPEX cost category. To have a higher capital
cost allowance, providers may have inefficient investment decision or delay the efficient
improvement. This possibility for manipulation may implicate that there is a trade-off
between the CAPEX and the OPEX performance of water providers. This trade-off
between OPEX and CAPEX is also referred to as the "double jeopardy" issue (Ajodhia
et al., 2005) and Gaming (Jamasb et al., 2004).

In conclusion, the selection of either the OPEX or the TOTEX approach in metric
benchmarking under the existence of "double jeopardy" issue is likely to result in the
difference in the efficient measurements of each benchmarking approach.



2- Significance of the study

This research is importance since it expands the test of "double jeopardy" issue to two
more cases which are the Dutch supply sector and Vietnam water service sector. In this
sense, it contributes to the body of "double jeopardy" knowledge two empirical results.
That before is mainly discussed in the UK water service sector and the other public
sectors.

Additionally, this study contributes to the benchmarking methodology in water service
sector in a way that it points out benchmarking initiatives with their specific objectives
should carefully address either partial or total cost indicators in relation with the
objectives otherwise it may lead to the their unachievable objectives.

III. Research objectives
Figure 2 visualizes the problem of benchmarking results under different benchmarking
approaches and the effects of "double jeopardy" issue. Regarding the shapes of the
boxes as the efficiencies performance, the box 1 is the real performance, the box 2 is the
measured efficient performance by partial cost indicators, and the box 3 is the measured

Figure 2: Results of various
benchmarking approaches under the
effects of "doublejeopardy"

Metric" Benchmarking
Partial cost approach

Real efficient
performance of
water utilities

Results of
efficient

measurement
by partial cost

indicator
approach

(2)

Metric" Benchmarking
Total cost approach

Results of
efficient

measurement
by total cost

indicator
(y\ approach

efficient performance by total cost indicators.

The research at hand is dedicated to gain insight into this trade-off or the "double
jeopardy issue" under benchmarking regulatory regimes. Such is conducted by
comparing relative performance of capital base outcomes and operational based
outcomes. In this respect, the research complies with the call of Giannakis, Jamasbb and
Pollitt (2004) and Larsson (2002) to conduct further research on the methodology of
benchmarking.

To better understand the effect of the trade-off on the partial benchmarking results and
total benchmarking results. In this sense, the research is first to analyze the vulnerability
of different benchmarking approaches to the "double jeopardy" and second to compare
the overall partial cost based benchmarking outcomes with overall total cost based
benchmarking outcomes.



UNESCO-IHE MSc Thesis-4/2008

IV. Outline of the research

This thesis is structured into five chapters. The introduction chapter is to present the
relevance of this research with the reality of water service sector and raise the problem
currently exists.

The second chapter comes with the aim of getting insight into the current knowledge
about the research problem by reviewing specific peer reviewed articles. Specifically, it
focuses on the roles of the indicator selection in benchmarking practice and the "double
jeopardy" currently occurring in the public sector.

The chapter three is to develop the analytical framework for this study. First the chapter
presents the research questions and hypotheses. Second, basing on the three research
questions and hypotheses, it is structured into three stages. Each stage focuses on one
research question and hypotheses and has its own research method, data and. The first
two stages apply regression model and use the data from the three cases. The last stage
use comparative method and use the data from Vietnam one case.

Chapter 4 is to present the results of each stage as mentioned in the chapter 3. The
results of the first two stages are developed in the same order. Fist, the regression model
results and testing the significant of regression parameters are shown, and then the
analysis and conclusion come in. In the results of the last stage, the comparison charts
are presented together with their analyses.

Lastly, chapter 5 is about the recommendations and limitations of the study.
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Chapter 2 Survey of prior research

The purpose of this chapter is to analyze critically the use of variables and their effects
on "metric " benchmarking outcomes through summary, classification, and comparison
of prior peer reviewed articles. Moreover, it also refers to the issue of trade off between
the capital costs and operational costs of public utilities.

I) Introduction

As mentioned in chapter 1, "metric" benchmarking which uses cost indicators has been
employed for various objectives by different initiatives in public sector. A
benchmarking exercise is able to take either total cost indicators or partial cost
indicators depending upon specific initiatives and objectives of that benchmarking
exercise. However, the fact is that the selection of indicators or variables is crucial for a
benchmarking exercise. Applying different set of indicators or variables may produce
inconsistent benchmarking outcomes and the trade-off between them. This issue has
received concerns by various authors. This literature survey is conducted to define an
overview of this issue. First, it would review the implication of total or partial cost
benchmarking for efficiency purpose. Second, it focuses on effects of indicators
selection on benchmarking outcomes. Lastly, it shows the trade off in the capital and
operational cost of public utilities. The reviewed articles are both qualitative and
quantitative base.

II) Review
1 The selection of variables

To develop the arguments for the integration of price and quality in a benchmarking
exercise in electrical sector, Giannakis et al. (2004) presented the dependence of model
results on (1) the number of variable use, (2) the technology structure specification and
(3) the choice of input output sets. The model mentioned here is DEA10 model which is
used to calculate the efficient level of regulated firms.

For the purpose of this part, it only focuses on the number of variable usage in a model
and choice of variables.

Firstly, it should be clear when mentioning about variables of a model. As described by
the author, the variables are used to measure firm's performance by monetary, physical
units and quality of service. The monetary variables are the total and operational costs.
The physical variables are (1) total number of connection (CUST), (2) units of products
delivered (ENGY) and (3) the total of network length. Lastly, the service quality
variables are security of supply (NINT), reliability of supply (TINT).

The author selected four models as shown in the column (2, 3, 4, and 5) of the table 3.
Each model uses different variables presented in column (1). For example the model 1

10 DEA is a non-parametric method that uses piecewise linear programming to calculate (rather than
estimate) the efficient or best-practice frontier in a given set of decision-making units (Fare et al 1985)
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is operational cost model. It uses four variables, the operational costs as input, the
CUST, ENGY and NETL as output.

The data used in these models are taken from 14 distribution network operators in the
UK electricity sector over 1991/1992 to 1998/1999.

Table 3: Specification ofDEA models"

VARIABLE
(1)

OPEX
TOTEX
NINT (security of supply)
TINT (reliability of supply)
CUST (total number of
customers)
ENGY (units of energy
delivered)
NETL (total network length)

MODEL

MODEL 1
(OPEX

MODEL)
(2)

Input

Output

Output

Output

MODEL 2
(CAPEX
MODEL)

(3)

Input

Output

Output

Output

MODEL 3
(QUALITY
MODEL)

(4)

Input
Input

Output

Output

Output

MODEL 4
(TOTEX-
QUALITY
MODEL)

(5)

Input
Input
Input

Output

Output

Output

Applying the data to the various models, although the author presents some results, here
only the results related to the research at hand are mentioned.

Firstly, the average efficient scores of companies by different DEA models are shown in
Figure 3 below. This figure is drawn after the data having been sort by the OPEX
column. If considering OPEX line is a base line, then the implication of this chart is that
efficiency scores can depend on the choice of variables. For example, consider the line
of TOTEX and OPEX. If the result scores are consistent, one line should be above or
below completely the other line. As in the figure in the left-hand side the OPEX line is
above the TOTEX line, further on the TOTEX line is above the CAPEX line. This is
also more confirmable since the score correlation of CAPEX and OPEX is 0.67 and
shows a low functional relationship between the two benchmarking models.

Thus, the selection of indicators is crucial for the results of benchmarking exercises.

The author also concludes that the more variables are in a model, the higher the
performance is. However, the variation is the same direction or the curve representing
the less variable model lies below the one representing the more variable model. The
lesson is that if the two curves are not parallel, there may be a contradiction between
variables.

n Source: Giannakis et al. (2004)
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Average company efficiency scores

g

1 I

Quality

Tolox-
quality

Figure 3: Company average scores by different models
Source: Giannakis et al. (2004)

Basing on the variation of the OPEX and TOTEX score results, the author cites the
conclusion from other study. This conclusion is that, because of the variation, there may
a trade-off between the CAPEX and OPEX cost in distribution operators. This
conclusion has not been well developed and given clear understands for readers.

Moreover, the methodology of this article is mathematical intensive. This may not easy
for everyone to understand and check the reliability of the method. The data set of the
article is from distribution network operators of electricity sector. This also raises the
question that what is the reality of indicator selection and trade-off of CAPEX and
OPEX in the water service sector.

2 The trade-off between the capital and operational costs

This part is to have overview about the trade-off between capital costs and operational
costs available in the current literature.

Burns and Riechmann (2004) focus on the issue of trade-off between the capital and
operational expenditure as well as the measurement of capital cost.
Their article focuses on the monopolistic network industries. Its main objective is to
examine the key drivers of investment behaviour in regulatory regimes. In addition,
how these drivers affect the investment behaviour.

The article shows four dimensions of investment that would be affected by regulatory
regimes. These include:

• Investment and output delivery, especially delivery of quality of service;
• The choice of inputs, in particular between labour and capital;
• Cyclical investment and cyclical cost reductions; and
• Investment in cases of network externalities

The second and third are valuable for this thesis so that they will be reviewed in detail.
In the "choice of input part", firstly the author shows that under the revenue regulatory
regimes, when the actual costs of companies are the base for set company's revenue, the
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