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Abstract 

This thesis examined the Water Department’s benchmarking model used in the revenue cap 

regulation of the Danish water sector. The regulation is incentive-based and covers more than 300 

private or municipal-owned water or sewage companies since 2009. Within the regulation, firms 

may receive a penalty if they are deemed to operate inefficiently when comparing to other water or 

sewage firms. The Water Department’s process of calculating this penalty is by benchmarking with 

the method of data envelopment analysis.  

Using the Water Department’s benchmarking model from year 2013, analyses on some the choices 

made by the Water Department were performed. The problem statement of this thesis is:  Do the 

benchmarking choices made by the Water Department have an impact on the results from the data 

envelopment analysis used to benchmark the Danish water sector? With sub-questions: How does the 

returns to scale assumption affect the results of the data envelopment analysis? Are there patterns in 

the benchmarking results based on firm characteristics? 

The problem statements allowed analyses using the same process as the Water Department, DEA, to 

investigate the returns to scale, first or second band of frontier companies, ownership influence, size 

analysis, regional effects, presence of economies of scope, and an examination into the variation of 

the model.  

It was determined that there was an impact on the choices made by the Water Department. The 

returns to scale assumption used by the Water Department has a significant impact on the firms, 

and is considered restrictive. Whereas the Water Department’s use of second frontier and 

ownership influences the efficiency of the firms, although in favor of the firms. Furthermore, 

inconclusive results were found in respect to the product scope and companies’ size showed to have 

less of an influence on the efficiency potentials. Regional effects were seen in the benchmarking 

results, and the density correction made by the Water Department indicated to be ineffective. In 

addition, it was confirmed that noise exists in the Water Department’s model and adjustments to the 

model is necessary.  
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The thesis also presented a thorough understanding of the Water Department’s benchmarking 

model, and the history and adjustments made to the model throughout the years. A presentation of 

regulation and other methods is also incorporated, as well as a general representation of the law, 

the Water Sector Act, to gain a strong foundation of the background.  

Additionally, this thesis attempted to gain perspective from other countries or industries regarding 

regulation and benchmarking, specifically within the water sector or other natural monopolies.  

Finally, the results can be interpreted differently from an industry/ firm perspective, or from a 

societal/ regulatory perspective, and the thesis aligned more from the societal and regulatory 

perspective to compare with the Water Department’s choices and goals.
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1 List of Acronyms and Terminology 

DOiPL: A Danish term for adjusted operating costs 

FADO: A Danish term for actual operating costs 

NVM: The raw net-volume-measure 

AC_NVM: The age-corrected net-volume-measure 

DC_NVM: The density-corrected net-volume-measure 

MOGS: A Danish term for environmental and service goals 

Special Conditions: In this thesis, the expression “special conditions” is used as a term to describe 

extraordinary conditions companies might have that the benchmarking model does not consider 

The Danish Water Sector: Is used as a term for the Danish water and sewage companies that are 

covered by the Water Sector Act of 2009 

The Water Department: Also known as the Utility Secretariat (in Danish: Forsyningssekretariatet). 

A division under the Danish Competition Authority.  

DEA: Data envelopment analysis 

SFA: Stochastic frontier analysis 

OLS: Ordinary least square 

COLS: Corrected ordinary least square 

RTS: Returns to scale 

CRS: Constant returns to scale 

DRS: Decreasing returns to scale, also known as non-increasing returns to scale (NIRS) 

IRS: Increasing returns to scale, also known as non-decreasing returns to scale (NDRS) 

VRS: Variable returns to scale 

SE: Scale Efficiency 

CCR: Original DEA model by Charnes et al.  

BCC: Refined original DEA model by Banker et al.  

FDH: Free disposability hull 

FRH: Free replicability hull 

DMU: Decision making unit 

OPEX: Operating expenditures 

CAPEX: Capital expenditures 

TOTEX: Total expenditures 

UK: United Kingdom 

US: United States 

OFWAT: The economic regulator of the water and sewerage sectors in England and Wales 

DKK: Danish kroner  
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2 Introduction 

Natural monopolies arise when a market is supplied more cheaply by one firm than two firms 

(Perloff 2008), which is a common occurrence in utilities (Joskow 2007). This is the case with water 

and sewage industries, as they are considered to be natural monopolies (Reynaud and Thomas 

2013). Natural monopolies, due to the lack of direct competition, can cause industries to be rampant 

with excessive prices, inefficiencies, and poor quality (Joskow 2007), which is why natural 

monopolies tend to be subject to regulation (Reynaud and Thomas 2013).  

There are many concerns about regulation, but when applied correctly, it can decrease 

inefficiencies, control costs, and improve environmental factors (Ofwat 2013a; Coco and De Vincenti 

2008). Regulation within the water and sewage industry has changed recently due to the wave of 

liberalization in Europe of its network industries starting from the 1980s (Sørensen 2010).  

This change in Europe includes Denmark, and after many years of research and negotiations, in 

2009 a reform to the water and sewage industries occurred (Sørensen 2010). 

Prior to recent regulation in Denmark, the water and sewage industries were known to have large 

price differentials, many small firms and a regulatory method that did not minimize costs or 

encourage efficiency (OECD 2004). The lack of competition in the sector, as well as minimal 

benchmarking within the industry, contributed to the high inefficiencies (OECD 2004). 

The regulation of these industries was conducted by the counties and municipalities, and therefore 

not centralized (OECD 2004). The pricing was considered cost recovery;  the prices were set to 

cover the costs of production and distribution (break-even principle) (OECD 2004), with a zero-

profit rate, as there is a great deal of opposition against the idea of making profit off water supply 

(Sørensen 2010).  

Due to the characteristics of the Danish water and sewage industries (also known as the water 

sector), the focus of the reform was to introduce law centralization, incentive-based regulation, 

benchmarking and a central regulatory authority (Sørensen 2010). As a result, the Water 

Department was then developed to regulate over 300 Danish water and sewage firms  in a 

centralized manner and to subject them to the same laws regardless of whether the companies are 

private or municipal (Sørensen 2010). Within the law, revenue ceilings are subject to a 

benchmarking factor to increase the incentives and competitive pressures (Sørensen 2010). 
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Benchmarking has voluntarily occurred within the Danish water and sewage industry since 1999 

(Sørensen 2010), although now it is a mandatory aspect of the law, as well as integrated into the 

price regulation and to be performed by the Water Department (Miljøministeriet 2009). 

Benchmarking, when used properly, can be a strong supplement to regulation (Marques and De 

Witte 2010).  

2.1 Problem Statement 

This thesis will focus on the benchmarking of the Danish water and sewage companies that fall 

under the 2009 Danish Water Sector Act. The intention is to investigate the benchmarking portion 

of the new regulation. We will use the same benchmarking model (data envelopment analysis) and 

process as the Water Department. However, we will divert from the process in some occasions to 

examine what impact particular choices made by the Water Department have on the firms and 

consumers. Based on the introduction and the problem statement, the research question of this 

thesis is: 

Do the benchmarking choices made by the Water Department have an impact on the results from 

the data envelopment analysis used to benchmark the Danish water sector? 

In order to clarify the impact of the Water Department’s benchmarking choices, a variety of analyses 

have been made. These analyses will shed light on the following sub-questions: 

 How does the returns to scale assumption affect the results of the data envelopment analysis? 

In order to perform the data envelopment analysis (DEA), the assumptions of the returns to 

scale need to be specified in advance. The Water Department has chosen constant returns to 

scale. However, different assumptions could be made, and therefore lead to other results for 

the regulated companies, and consumers. 

 

 Are there patterns in the benchmarking results based on firm characteristics? 

In order to obtain a better understanding of the results, second-stage analyses are 

performed to detect possible patterns or important factors that might not be incorporated in 

the Water Department’s model. 
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2.2 Delimitations 

Our thesis is limited to the Water Sector Act, so we attempted to stay within the bounds that the 

Water Department is granted in order to provide the most meaningful and relevant analyses. 

Therefore, we use the process set forth by the Water Department, and look at the impact its choices 

have (scale assumptions, choice of frontier companies, etc.). Furthermore, we want to discover how 

different conditions such as the ownership structure (private or municipal), regional differences, 

companies’ size and multi-product companies versus single product companies affect the 

benchmarking results. Our analyses only concern the benchmarking model of 2013 used by the 

Water Department, and therefore the main part of our conclusion will focus on the empirical 

analyses. 

There are more than 2,000 utilities supplying water or treating sewage in Denmark (Sørensen 

2010). However, when the term “market” is used in this thesis, it refers to the regulated Danish 

water and sewage companies. 

Our data is subjected to the same limitations imposed on the Water Department’s data since it 

comes from the department’s webpage.  

Finally, it is assumed that the reader has basic knowledge of economics.  
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2.3 Thesis Structure 

The thesis is broken up into five main sections:  

 general information,  

 regulation,  

 benchmarking,  

 analyses,  

 and discussion/conclusion.  

The general information contains background knowledge, theoretical approach, data, literature, and 

other information that support this thesis.   

The regulation section contains information regarding theory of regulation, along with pros and 

cons of each method, and the Danish water sector regulation.  

The benchmarking section discusses benchmarking theories, benchmarking methods, advantages 

and disadvantages of each method, and the benchmarking model used by the Water Department.  

The analysis section is where we have investigated aspects of the Water Department’s 

benchmarking that we deemed interesting, such as the following: 

 The choice of frontier companies and the impact this has on the benchmarking results, both 

in terms of using first or second frontier as the benchmark, as well as allowing private water 

companies to determine the efficient frontier for the water companies. 

 The choice of scale in the DEA, and how it affects the benchmarking results. 

 An examination of firm characteristics (size, regional placement and production) and if a 

certain pattern is seen from these in the benchmarking results. 

 An investigation of using SFA to supplement the DEA analysis. This is done to look at the 

variation in the model. 

The final section presents a perspective segment that presents other countries’ water regulation 

and benchmarking in the electricity sector and compares them to the Danish water sector.  

This includes our results and a discussion, as well as firm and societal perspectives within the 

Danish water sector and regulation, a critique of assumptions and limitations, an outlook, as well as 

the final conclusion.  
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3 Methodology 

This section presents the theoretical approach of the thesis along with a data description and 

consideration of chosen foundations.  

3.1 Theoretical Approach 

Overall, there are two major scientific theoretical aspects: the positivism and the hermeneutics 

(Thurén 2007). The hermeneutics is a relativistic aspect that is subjective and evaluative, whereas 

the positivistic aspect is objective and is often something that can be calculated based on logic 

(Thurén 2007). 

The thesis will have a positivistic approach, since it focuses on statistical analysis of collected 

quantitative data.  

Furthermore, there are two approaches of theory: inductive and deductive (Thurén 2007).  

The deductive approach is based on known theories and tests the theories, whereas the inductive 

approach develops new theories based on empirical tests (Thurén 2007). 

A deductive approach is used in this thesis to test different theories and methods on a quantitative 

dataset. 

3.2 Data 

A large proportion of this thesis is of an empirical nature. Many conclusions and discussions stem 

from results based on statistical analyses, and therefore data accuracy is of vital importance.  

The data used in the thesis is from the Water Department, which is believed to a reliable source.  

The Water Department mandates water and sewage companies report every year. If companies do 

not report annually, the Water Department estimates their information. The companies that have 

not reported have been removed from our analysis, since we want to base it on actual data, and the 

estimation will not be a focal point in this thesis. 

The data used in the thesis is used by the Water Department to estimate price limits in year 2013, 

but the reporting consists of the firms’ costs for year 2011. The data is based on 222 water 

companies and 104 sewage companies that are covered by the law. Due to lack of reporting, 14 

water companies were omitted, which makes our data a sample population and not a population set 

for the water firms. However, the entire population is present in the sewage industry.   
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Since approximately 94% of the water population’s data is used, we think the results are true and 

sufficiently accurate to describe the population of the water industry. Regarding the accuracy of the 

data, firms may adjust their numbers to try to fare better in regard to benchmarking, or to receive 

higher supplements, but the Water Department is aware of this and thus performs a thorough 

validation of the reported data (Forsyningssekretariatet 2013b).  

In regard to limitations of data, we have encountered few, and were able to adjust our analyses to 

use available data. The main limitation was concerning the companies’ cost allocation on the cost 

drivers in order to obtain the cost equivalence. Therefore, this affected the role this thesis had in 

regard to calculations at a base level. Thus, we trust the calculations of the cost equivalents made by 

the Water Department, and instead, focus on the further process in the benchmarking. 

Overall, the data used in this thesis is deemed of high quality and accuracy. The data, collected by 

January 2013, is the data used in this thesis so any adjustments made after January 2013 by the 

Water Department is not reflected in our analyses.  

Lastly, all of the data used can be seen in appendices 12.4 Company Information and Data. 

3.3 Literature 

The literature regarding the topic is ample, and a mix of classic or modern literature, depending on 

the specific topic. This thesis is based on the Water Department’s published paper on the 

benchmarking of 2013 (Forsyningssekretariatet 2013b); using that paper as a foundation, academic 

articles and books were also used to support or expand on certain points.  

A variety of articles and classic books are used as references.  A chapter regarding the Regulation of 

Natural Monopoly by Paul Joskow (2007) has been used as a starting point to describe regulation, as 

it discusses the different forms of regulation with a natural monopoly. An article by Simon Cowan 

(2002) also provides a strong foundation with price cap regulation and is used frequently. 

Supporting articles, which usually pertain to a discussion regarding a specific regulation method, 

were then used to gain more information. Many of the articles are technical and focus on one aspect 

of the theory. Therefore, although there is an abundance of information, the information is very 

specific, and consequently, only aspects of the articles we found of importance are used in this 

thesis. 
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When discussing the Danish water sector benchmarking model, most of the knowledge is based off 

of the Water Department’s published works, following explanations from some of the employees at 

the Water Department, and literature regarding the Danish Water Sector Act. This was then mainly 

supported by Peter Bogetoft’s books (Bogetoft 2012; Bogetoft and Otto 2011), as it was very 

applicable and encompassing.  

The DEA and SFA analyses were performed by the use of R, a statistical program. Information on the 

use of R was mostly gained from educational websites, published guides, and R-project’s forum (R 

2013; Tofts and Brauer 2012).   
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4 Regulation 

Regulation is administrative and legal process that governs an industry to protect the stakeholders 

(Avgeropoulos n.d.). Although not necessarily, regulation is usually administered by a government 

(Avgeropoulos n.d.). Regulation is especially important when discussing natural monopolies due to 

the economic characteristics (Joskow 2007).  

4.1 Natural Monopoly 

The water sector is considered to be a textbook example of a natural monopoly. Water and sewage 

providers have a unique cost structure (Reynaud and Thomas 2013) and production (network 

distributions) (Bogetoft 2012). These traits, which contribute to the lack of direct competition, 

mean that arguments can be made for regulation of natural monopolies, especially since regulations 

of natural monopolies have been shown to impact efficiency and performance of a firm in a positive 

manner (Reynaud and Thomas 2013). 

A natural monopoly occurs when the total market can be served more cheaply with one firm than 

two or more firms (Perloff 2008). Formally, this is equivalent to the idea of a sub-additive cost 

function: 

                         

where   is cost of the company under natural monopoly,            are the individual quantities, 

and   is the aggregate quantity for the market (Perloff 2008, p. 381).  

Natural monopolies tend to have large fixed costs, with relatively small marginal costs (Bogetoft 

2012) as well as a connection to economies of scale, economies of scope, and economies of density 

(Joskow 2007). Economies of scale are when the average costs decrease as output increases (Joskow 

2007). This relation happens when the following occurs: 

     

     
   

where    is average costs, and    is marginal costs (Pepall et al. 2008, p. 65).  Economies of scope 

occur when it is cheaper to produce two goods in one firm than producing in separate firms (Pepall 

et al. 2008). In other terms: 

                          

(Pepall et al. 2008, p. 71).  



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 13 – 
  

This may be relevant in the Danish water industry when discussing the firms’ production of water, 

treatment of sewage or both. Economies of density are when it is cheaper to deliver goods from one 

company to an area, instead of having two companies with a network of distributions each (Baldwin 

et al. 2011). In other words, it is cheaper for one company to connect the pipes or lines to the 

customer instead of having two firms each with their own grid that could serve the same customer. 

Many times though, economies of scales are not distinguished from economies of density (Joskow 

2007). A large part of total costs within the water and sewage network are sunk costs and therefore 

should be a consideration within regulations (Joskow 2007).. Sunk costs are costs that occur only 

once (Pepall et al. 2008), are considered a distinction point between incumbents and new entrants 

(Joskow 2007). and are not to be confused with fixed costs. Fixed costs are costs that, regardless of 

the amount of products used, are still incurred (e.g., overhead), whereas sunk costs are costs that 

have already been incurred (e.g., building the pipe lines) (Pepall et al. 2008).   

Keeping in mind the description above, the water and sewage industries are considered natural 

monopolies. The general agreement is that segments of electric power, natural gas, water sector and 

telecommunications have characteristics of natural monopolies, and therefore are subject to 

regulation (Joskow 2007). 

4.1.1 Natural Monopoly Regulation 

A natural monopoly without regulation may lead to poor economic performance such as: 

“(…) excessive prices, production inefficiencies, costly duplication of facilities, poor 

service quality, and to have potentially undesirable distributional impacts”  

(Joskow 2007, p. 1229).  

From an economical point of view, an unregulated industry is likely to have higher deadweight loss, 

and the consumers will have less purchasing power whereas the firms will have more (Cowan 

2002). Therefore, proponents of regulation believe that an unregulated industry will have costly 

market failures that in turn have high consequences for society. However, the damage can be 

minimized by implementing regulation (Joskow 2007). 
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There are many considerations when discussing regulation. The regulator must consider the 

performance problems with or without regulation; what instruments can be used to stimulate 

efficiency; what the costs are, including costs of the regulator (the Danish Competition Authority 

requires a fixed fee from the companies each year [Miljøministeriet 2009]), etc. (Alexander and 

Irwin 1996; Baldwin et al. 2011; Joskow 2007). Regulators need to ensure that sunk costs will be 

recovered, while not exploiting the consumer (Newbery 1998). A concern and complication is how 

the regulator should entice efficiency, while not encouraging degradation in quality, which in theory 

is troublesome, although shown to not be a major issue in practice (Cowan 2002). Inefficiencies in 

costs and production could occur for several reasons with an unregulated natural monopoly:  

 an incumbent firm trying to protect their market, 

 or two firms in the market when the market only needs one, 

 or failure for incumbent to minimize costs (Joskow 2007). 

Regulators also have more considerations in regulation if a firm produces several products. 

Multiproduct-firms make it more difficult to distinguish actual costs of a particular product (Cowan 

2002). 

4.2 Regulatory Concerns 

There are several concerns of which regulators need to be aware. A regulator needs to set prices to 

allow for competition and entry into the market, simultaneously discouraging inefficiency entry and 

allowing incumbent firms a price that covers their costs (Cowan 2002). Concerns are not limited to 

price, but also information, trust, etc. 

4.2.1 Information Asymmetry 

It is important to note that the regulator will never know all the information, and therefore an 

information asymmetry exists between regulator and firm (Kopsakangas-Savolainen and Svento 

2010). Information asymmetry is when the agent (firm) knows more information about the 

decisions or actions taken than the principal (regulator) (Zajac n.d.).  

Firms have an advantage in regard to knowledge, which may contribute to the regulated firm using 

this advantage strategically to increase profits or follow managerial goals at the expense of the 

consumers (Kopsakangas-Savolainen and Svento 2010). 
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The information asymmetry can be in the form of endogenous variables or exogenous variables, also 

referred to as moral hazard and adverse selection, respectively (Laffont and Tirole 1993).  

Moral hazard is the problem of monitoring or controlling the actions of an agent from the principal 

(Zajac n.d.). Adverse selection is when information about products is not known to all parties, only 

the agent (Bernasek n.d.). In the water sector, a moral hazard problem exists between the firms and 

regulator since the regulator cannot control how efficient they are.  The water sector also has an 

adverse selection problem due to the reporting given by the firms (e.g., information on each cost 

driver).   

In an optimal situation, the regulator would know all the information, but that is unrealistic (Cowan 

2002); therefore, regulators use a lot of energy and resources trying to diminish information 

asymmetry (Kopsakangas-Savolainen and Svento 2010). This can be considered true in the Danish 

water sector, as the Water Department requires many costs and information to be reported 

(Miljøministeriet 2009), yet they still do not know the opportunity costs, managerial effort, true 

breakdown of the costs, random costs and if the costs are accurate (Joskow 2007). 

 Another problem is that the costs reported will be accounting costs, and possibly not true costs 

(Cowan 2002). Creativity of reporting causes firms to possibly inflate costs to get a better return or 

a higher price, which makes the information asymmetry a problem for regulators (Reynaud and 

Thomas 2013).  

As a result of these issues, regulators have some tools they can employ to decrease the problem.  

To attempt to minimize the information asymmetry, it may be useful to use ex post information, and 

certain regulation methods decrease information asymmetry (Kopsakangas-Savolainen and Svento 

2010). In the regulation of the Danish water sector, ex post information, which is auditor verified, is 

used to correct earlier years’ reporting (Forsyningssekretariatet 2012c) to limit information 

asymmetry. 
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4.2.2 OPEX, CAPEX and TOTEX 

Regulators need to decide which costs are to be regulated: operating costs (OPEX), capital 

expenditure (CAPEX), or the total costs (TOTEX) and how to regulate them. OPEX includes costs 

related to operating the supply, daily affairs, and maintenance (Ballance 2006). CAPEX are costs 

related to acquiring or upgrading investments (Brealey et al. 2011). TOTEX are OPEX and CAPEX 

combined. 

 As seen in the Water Department, depending on the outcome of an activity (e.g., camera inspection 

of the pipes), the activity can be considered OPEX or CAPEX, and therefore influences the reporting 

(Thomsen, E.B. 2013).   

When a regulator is considering OPEX, CAPEX or TOTEX, it is important to understand where 

efficiency gains originate. In many ways, efficiency gains may be due to technological upgrades that 

are developed by outside engineering firms, and not firms within the natural monopoly industry 

(e.g., General Electric) (Heyes and Liston-Heyes 1998).  The incentive for engineering firms to 

participate in research and development is based on the possibility of selling these products in the 

future, and thus the possibility of the sale is actually linked to the regulatory regime in place (Heyes 

and Liston-Heyes 1998). If regulators want technology improvements that could possibly improve 

efficiency, and then they need to ensure that regulation allows for investments in the technology to 

occur. This may just be in the form of investments being covered in the regulation or through 

benchmarking, as OFWAT and to some extent the Water Department do (Forsyningssekretariatet 

2012b; Ockenden 2012), which will be discussed later. 

4.2.3 Incentives 

Another challenge to regulators is to have a price setting process that fosters financial incentives to 

maximize the total surplus instead of only covering the costs of the company (Joskow 2007).  

The regulator’s objectives are a balance between encouraging incentives and reducing profits, hence 

firm objective versus consumer protection (Cowan 2002). Regulators attempt to protect consumers 

by decreasing the excess profits of the firms and minimizing total costs of the firms, which decreases 

the consumer price (Cowan 2002). 

Some models of regulation have better incentives than others, but that will be discussed more when 

looking at different methods of regulation. 
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4.2.4 Lag Time 

Regulations and incentives are influenced by the lag period between reviews, and therefore, the 

optimal time between reviews (also known as lag periods) are important and significant (Cowan 

2002). Having reviews of the firm are important since they redistribute gains to the consumer  

(Coco and De Vincenti  2008), but also having long lag periods between price reviews is just as 

important since it operates as an efficiency motivator (Cowan 2002).  

The lag time requires trust and commitment from both parties since the regulators cannot interfere 

if the firm is making large profits, and vice versa when the external environment has changed and 

the firm is struggling (Cowan 2002). Therefore, lag time can be used as an incentive tool, but it also 

comes at a cost.  

Regulatory lags are five years in the UK and can be up to ten years if neither side requests a review 

(Cowan 2002). The US lag period is usually two years (Cowan 2002), although the UK and US use 

different types of regulation. The Danish lag period is one year, but from year 2014, it will be 

possible for smaller firms to have a lag period of four years (FVD 2013). 

4.2.5 Confidence in Regulation 

As previously discussed, the lag time requires commitment and trust between the regulators and 

firm. Commitment applies not only when discussing reviews, but also when discussing costs. In 

general, regulatory commitment is always a concern for most industries, and this is especially true 

in the water sector.  In the water sector, many assets can be depreciated over 150 years, and since 

the prices are not inevitably guaranteed, there is a concern about whether a company would be able 

to recover its costs in the future based on possible changes in regulation (Cowan 2002).  

This concern over regulatory commitments may influence the firm’s desire to become more efficient 

and make investments (Cowan 2002).  

Trust increases if the regulators are independent of the government, thus avoiding policy changes 

for political gain, while also having accountability (Cowan 2002). The Danish Water Department is 

independent of the government in power (Smidt 2010) and the British have an independent 

arbitration committee to encourage trust and commitment since arbitration is very costly for both 

parties (Newbery 1998). 
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4.3 Regulatory Methods 

The most common methods of regulation are price caps, rate of return, yardstick, franchising, menu 

of contracts and light-handed regulation known as Sunshine Regulation, which will be described 

below. 

4.3.1 Price Cap Regulation 

A price cap is fixing a certain price that the firm can charge (Cowan 2002). Price cap is the regulated 

price that is adjusted after a predetermined time (lag time) by the rate of inflation plus or minus a 

set amount (Alexander and Irwin, 1996). Price cap regulation, also known as       regulation in 

gas and electricity or         in water, where     is the Retail Prices Index and   is a 

predetermined factor or the productivity offset, and   represents both   and quality improvements 

(Alexander and Irwin 1996; Cowan 2002). In other words, the price increases with the retail price 

index but can decrease by an ex ante rate,   (Reynaud and Thomas 2013).  

Price caps can be set for consumer prices or a high level of revenue caps (Cowan 2002), and another 

way to view price/revenue cap is: 

                             

where     is a general cost reduction and     is a specific firm cost reduction (Bogetoft 2012, p. 

198).The variables     and     are often calculated using historical data (Bogetoft 2012).  

Within the process of setting  , there is a possibility to bargain, which may cause less consistency or 

transparency (Newbery 1998). This bargaining may not be the case in all countries depending on 

the rules/laws, but in the UK  the regulators have more discretion and less of a need to reveal their 

decision on why   was chosen  (Newbery 1998). In other words,   can change depending on 

objectives of regulators, and therefore regulators can increase or decrease   to loosen or tighten a 

price cap (Kang et al. 2000) to balance between possibly restructuring for increased efficiency, 

gaining informational rents, or to ward off bankruptcy (Bogetoft 2012). 

Price caps have become popular internationally due to their strong focus on incentives to become 

efficient (Alexander and Irwin 1996). The firm has an incentive to produce at a lower cost, since the 

prices will not be adjusted downward between the review periods, which can possibly lead to profit 

(Cowan 2002).  
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With the possibility of profit comes higher risk and the firm’s increased risk originates from 

exogenous costs and demand fluctuations (Cowan 2002). Large fluctuations in demand and higher 

risk with high price caps tend to cause the cost of capital to be higher (Alexander and Irwin 1996; 

Cowan 2002). From empirical studies in the electricity industry, it was found that price caps do 

reduce costs, although price caps also increase the systematic risk firms face (Cowan 2002).  

Along the lines of incentives and profitability, price caps may discourage long-term investments and 

encourage more short-term efficiency improvements, or low price caps could reduce investments in 

maintenance (Reynaud and Thomas 2013). In the article by Reynaud and Thomas (2013) it was 

concluded that many aspects positively or negatively impact the firm’s profitability (method of 

regulation, municipality or private, etc.) but price cap regulation shows to positivity impact the 

profitability of a firm.  

The prices are set based on projected costs and costs that a firm should be able to reach if operating 

efficiently (Newbery 1998). Possible restructuring may occur to operate efficiently, and as 

previously mentioned, loosening or tightening price caps can encourage specific behavior in a firm. 

Tightened price caps have shown to share efficiency gains with consumers for single product firms 

and when demands are independent, therefore increasing consumer welfare (Kang et al. 2000). 

Although, in multi-product firms, a higher   (tightened price cap) may lead to prices being set below 

marginal costs for some products, and therefore reduce total welfare (Kang et al. 2000).  

An advantage of price caps or revenue caps is that the administrative costs are relatively low 

compared to other types of regulation, and price caps prevent predatory pricing that might occur 

without regulation in a monopoly (Kopsakangas-Savolainen and Svento 2010). Therefore, Cowan 

(2002) suggests countries just beginning with their regulation to implement price caps rather than 

rate of return regulation. 

4.3.2 Rate of Return Regulation 

Rate of return, also known as cost-of-service return, cost-based regulation or cost-recovery 

(Bogetoft 2012; Reynaud and Thomas 2013), is allowing a firm to recover costs with a fixed mark-

up (Bogetoft 2012). In other words, a rate of return sets a percentage that the firm can earn on their 

assets (Alexander and Irwin 1996). Rate of return could be written as: 

                                                                    

 (Bogetoft 2012, p. 197). 
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This formula shows that the companies get their cost covered as well as a fixed return on assets 

(Bogetoft 2012). The rate of return (or net margin) is known beforehand and is the rate that is 

considered a “fair” return on the firm’s capital investments (Reynaud and Thomas 2013); then 

prices are set in order to achieve this return rate and are adjusted accordingly (Reynaud and 

Thomas 2013). The rate of return uses historical actual costs to set the rate (Newbery 1998).  

With rate of return there is no absolute answer regarding which capital definition to use (Reynaud 

and Thomas 2013). When calculating the firm’s costs, an inclusion of all the firm’s assets may lead 

the firm to make risky or unprofitable investments, whereas a regulatory approach to only use costs 

that the firm cannot avoid or only assets that are considered useful may reduce the risky 

investments (Reynaud and Thomas 2013).  

The rate of return has lower risks to the firm, especially market-related risk (Alexander and Irwin 

1996), than with the price cap, but also will not be able to earn excess profits for a long period of 

time, which decreases incentives to be efficient (Cowan 2002). Short regulatory lags are consistent 

with rate of return regulation (Cowan 2002). Due to the short lags, prices are adjusted more quickly 

if the firm earns more or less than the specified rate (Alexander and Irwin 1996).  

Consumers though, have higher risk, since these risks are transferred to them by adjustments of the 

price to get the firm’s allowed return rate (Reynaud and Thomas 2013). The lack of risk may induce 

the firm to make investments, since they will always recover a fixed return on the investment 

(Bogetoft 2012). It has been proven that overinvestment is more common with rate of return 

regulation and the opposite is true with price cap regulation (Reynaud and Thomas 2013).  

Several studies comparing British firms that are price cap regulated to US firms that followed rate of 

return regulation found the risk to be higher in firms under price cap regulation. The studies found 

that the beta (the statistical measurement of a firm’s risk) of US firms (rate of return regulation) was 

lower in general than that of the UK firms (price cap regulation) (Alexander and Irwin 1996).   

It is important to keep in mind that the beta might be affected by other aspects of the market and 

not only by the regulation (Alexander and Irwin 1996). Since beta is used worldwide in regard to 

cost of capital, with a higher beta, an investor will demand a higher return rate to make up for the 

increase in risk and hence increase the cost of capital in the firm (Reynaud and Thomas 2013).  

This means that firms must be allowed to earn higher returns or they will not be able to successfully 

attract investment capital which may decrease their product quality (Alexander and Irwin 1996).  
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Not only do customers have higher risk, but rate of return regulation is also criticized because rents 

are not fairly distributed between consumers, shareholders, and managers (Newbury 1998).  

A study showing the welfare under different regulatory environments concluded that total welfare 

is worse in rate of return regulation, although it does not distinguish between consumer and 

supplier welfare (Kopsakangas-Savolainen and Svento 2010).  

Rate of return also requires the regulator to know more of the costs of the firm than price cap 

(Reynaud and Thomas 2013).  Even with the technology that is available today, the information 

gathering is still a burden and therefore many regulators are changing from this regulatory method 

(Bogetoft 2012). 

4.3.3 Menu of Contracts Regulation 

It has been argued that the best incentive scheme may fall between price caps and rate of return 

and, therefore, has a sliding scale regulation (Kopsakangas-Savolainen and Svento 2010), which is 

the menu of contacts regulation. Menu of contracts is when a firm is given a list of cost-contingent 

contracts that are possible to use, and then the firm decides which contract they prefer 

(Kopsakangas-Savolainen and Svento 2010). Laffont and Tirole (1993) argue that menu of contracts 

with different cost sharing provisions are better for the regulator than only one option. 

The Laffont-Tirole model from 1986 has the firm choose the output and effort, and then the 

regulator, ex-post, rewards the firm based on costs and output (Laffont and Tirole 1986).  Menus are 

able to offer different mechanisms that are at equilibrium, although this is a large task for regulators 

(Piaser 2010).  

The large undertaking by regulators is a problem with the menu of contracts using the Laffont-

Tirole model, which is why the model is not widely used (Rogerson 2003). The optimal menu 

calculations are very complex and the regulator must be able to discover the optimal effort that can 

be attained by the firm to be able to calculate the optimal menu (Rogerson 2003).  

Simple menus are easier to calculate and understand, and although they have lower reporting 

requirements, can still capture some benefits of a more complicated version (Rogerson 2003).  

Simple menu of contracts is also known as fixed price cost reimbursement (FPCR).  
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Simple menu of contracts starts by the firm choosing among a set of different prices as a function of 

costs (Kopsakangas-Savolainen and Svento 2010). One bound is the cost-reimbursement contract 

(rate of return), while the second bound is the fixed-price contract (price cap) (Rogerson 2003).  

“The basic idea of the optimal incentive scheme is to make it profitable for a firm with 

low cost opportunities to choose a relatively high powered incentive scheme (e.g. price or 

revenue cap regulation) and firm with high cost opportunities a relatively low powered 

scheme (e.g. Rate of Return or Cost of Service regulation)”  

(Kopsakangas-Savolainen and Svento 2010, p. 7372).  

Menu of contracts has the potential to create an environment that removes the adverse selection 

and moral hazard from regulation (Kopsakangas-Savolainen and Svento 2010). It has been shown 

that firms tend to be more truthful in regard to their efforts, thereby reducing the information 

asymmetry (Kopsakangas-Savolainen and Svento 2010). In a study measuring the welfare based on 

the type of regulation, the claim of elimination of moral hazard and adverse selection was found to 

be supported (Kopsakangas-Savolainen and Svento 2010). This same study also found that the 

change of rate of return regulation to menu of contract regulation increases welfare, although the 

increase tended to favor the firms and not the consumers (Kopsakangas-Savolainen and Svento 

2010).  

OFWAT (the British and Wales regulatory department for water and sewage) is attempting to 

regulate in a menu of contracts manner; OFWAT claims that this will increase performance even 

though it is being met with industry resistance (Ockenden 2012). Due to the complication in the 

Laffont-Tirole model, there is a more simplified method called simple menu of contracts 

(Kopsakangas-Savolainen and Svento 2010).  
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4.3.4 Yardstick Regulation 

Yardstick competition is comparing similar firms’ costs to use the correlation of information to 

improve regulation (Cowan 2002) and is associated with regulatory benchmarking (Marques and 

De Witte 2010). Yardstick competition is usually used in regard to regionally separated industries, 

like water or electricity, and allows the regulator to have full information (Cowan 2002).  

In other words, the regulator compares the costs that two similar firms have and then whichever 

has the lower costs at the same output is the more efficient company, and therefore the price will be 

set at its costs. It can also be written as:  

                                           

Or using a best practice approach: 

                                           

(Bogetoft 2012, p. 200).  

A key note to yardstick competition is that the benchmarking results are used in setting costs 

(Marques and De Witte 2010), which forces the inefficient firm to produce at the efficient firm’s 

costs (Cowan 2002). Yardstick regulation is noted for mimicking the market since it uses 

observations and not prediction on costs or cost functions (Bogetoft 2012). The accurate 

information the regulators have tends to decrease the information asymmetry (Bogetoft 2012).  

Yardstick competition has other benefits such as improving efficiency, quality, innovation, 

information sharing and transparency (Marques, and De Witte 2010). Yardstick competition could 

be considered superior when compared to other regulatory methods since it has strong cost 

reduction incentives, while placing fewer restrictions on the regulated firm (Burns et al. 2005).  

There are concerns with yardstick competition. One concern is that yardstick competition increases 

the possibility of collusion, if there are few comparators and the firms fall under similar regulation 

(Bogetoft 2012).  Another concern with yardstick competition is that it does not allow firms with 

sunk costs to recover their costs.  

If the comparable firms have recovered their sunk costs previously, then the costs will be different 

in a way that does not have to do with efficiency, and therefore a transition period needs to occur 

before full implantation of yardstick regimes (Bogetoft 2012). 
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4.3.5 Franchise Auctions 

Franchising auction occurs to secure the rights of supplying a market. The winner of the auction 

tends to have offered the lowest price, highest quality or combination (Cowan 2002). By choosing 

the lowest price, the regulator chooses the firm at the same level of efficiency as a price cap but with 

lower rents (Cowan 2002) and resembles a yardstick regime (Bogetoft 2012)  

Another way to look at franchising is that the government provides access to the network and in 

return requires the company to supply the municipality and refrain from charging high prices 

(Newbery 1998). Contracts are usually for a time period ranging over a number of years, with 

revisions along the way due to changes in circumstances (Newbery 1998).  

 Franchising is important when competition threatens a firm’s profits and therefore needs 

protection to pursue technology advances and innovation (Newbery 1998), which one can argue is 

similar to the rate of return in regard to the low risk to firms with their investments.  

Franchising in the past has been granted to vertically integrated monopolies instead of having one 

firm own the pipes or another supplying the service (Newbery 1998). Franchising protects firms 

from anti-trust regulations in return for the service, which also allows regulation to be fairly simple 

by only needing to regulate the final price and not all the individual aspects of utility supply 

(Newbery 1998). 

4.3.6 Sunshine Regulation 

Sunshine regulation is a fairly new approach to the water industry, although used in other 

industries and considered a light-handed approach to regulation (De Witte and Saal 2010). Sunshine 

regulation uses the benchmarking techniques to compare firms (like yardstick competition), and 

then the results are publicly available (De Witte and Saal 2010). The end result is to have the poor 

performing firms be embarrassed, and publicly award the strong performance firms (De Witte and 

Saal 2010).  

Reynaud and Thomas (2013) described a paper looking to into the sunshine regulation used in the 

Netherlands, and it was found that this type of regulation is associated with improved performance 

which benefitted customers through lower prices (Reynaud and Thomas 2013). Witte and Saal 

(2010) took a different approach and tried to decompose the profit during the time when sunshine 

regulation was used.  
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They discovered that during the regulation, it showed improved productivity gains (primarily 

thought to be technological changes), and water improvements were passed onto the consumers 

(De Witte and Saal 2010).  

Sunshine regulation has not been tested in the long term, and there are concerns that it may not be a 

strong regulation for the long-haul (De Witte and Saal 2010). Also sunshine regulation has been 

tested in the Netherlands where the water sector is public, but the increase in efficiency may be due 

to other considerations such as political and specific environment in the Netherlands and not 

specifically due to sunshine regulation (De Witte and Saal 2010). 

4.4 The Danish Water Sector 

Water and sewage companies are characterized as natural monopolies within their region of supply. 

Thus, the companies are not exposed to the level of competition most companies are, and therefore 

they do not have a large incentive to operate as efficiently as a company that faces competition 

(Forsyningssekretariatet 2013b). As previously mentioned, regulation is a tool to combat the lack of 

competition in a natural monopoly. Therefore, regulation was established in the market as a result 

of the Water Sector Act (Forsyningssekretariatet 2013b) 

4.4.1 The Different Stakeholders in the Water Sector 

There are several different stakeholders in the water sector. These stakeholders may have different 

interests, which is important to keep in mind when discussing the regulation. The stakeholders 

include: 

 The consumers, who cannot choose freely between the different sewage and water 

companies due to geographical restrictions (Forsyningssekretariatet 2013b). 

 The companies covered by the law. These include both sewage and water companies that 

treat or distribute more than 200,000 m3 water a year (Miljøministeriet 2009). 

 DANVA, an interest group for the Danish sewage and water companies. Its purpose is to look 

after the interest of its members and enhance the stable, efficient and ethical water and 

sewage company with a high level of quality and concern for the environment (DANVA 

2012a). It counsels its members on given issues related to the industry. Companies need to 

pay to be a member and the contributions the members have to pay to DANVA vary on 

activity and the amount of water treated by the company (DANVA 2012b). 
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 FVD, an interest group for the Danish water companies, who protects the interests of the 

water companies in relation to the government, the Ministry of Environment, etc. (FVD 

n.d.d). Similar to DANVA, FVD counsel their members on different problems in relation to 

the water sector (FVD n.d.b). The price of a membership depends on the number of 

customers that the companies have (FVD n.d.c). 

 The Water Department (A subdivision the Competition Authority), which administers the 

water and sewage companies’ price limits. The price limits includes performance 

benchmarking which results in efficiency penalties (Forsyningssekretariatet 2013a). 

 The Nature Agency, a part of the Ministry of Environment (Naturstyrelsen 2011b). They 

are responsible for the Water Sector Act, although it is the Ministry of Environment that 

signs the law (Naturstyrelsen 2011c). 

4.4.2 The Danish Water Sector Act 

The Water Sector Act was established in 2009 in order to ensure a supply of water and sewage of 

high quality that considers environment, security of supply, efficiently operated firms, and 

transparency to the consumer (Miljøministeriet 2009). 

4.4.2.1 Background 

This entire Background section is based off of information gathered from Konkurrence og 

Forbrugerstyrelsen (2003) unless otherwise specified.  

As a consequence of the Danish Government proposal from April 2003 regarding a green market 

economy, an official committee carried out an analysis of the Danish water sector (Miljøstyrelsen 

and Finansministeriet 2005). In the analysis from the competition report of 2003 made in 

cooperation with the water industry, different recommendations for the Danish water sector 

together with a short description of the market were carried out.  

The market is characterized by a lack of competition and the companies are regulated by the break-

even-principle. The break-even-principle means cost-recovery, and therefore if a surplus of 

consumer-payments is accrued, the consumer must be reimbursed. Thus, this principle does not 

encourage firms to become more efficient. 

 A benchmarking analysis has been made by the Competition Authority to highlight the efficiency 

potential for the water sector, which was used as an argument to establish the law.  

http://fvd.dk/OM_FVD/Bliv_medlem/Kontingent.aspx
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A DEA has been performed on the wastewater treatment plants (WWTP) for sewage companies.  

The inputs were: total costs (DKK) and discharged BOD (biochemical oxygen demand)1 quantities 

(ton). The output was: capacity of the treatment plant (PE)2. The number of observations was 95 

sewage companies and six of them appeared efficient based on the analysis. 

Likewise, DEA was completed on 95 water companies. The input was: operating costs (DKK), and 

the outputs were: distributed amount of water (m3) and total length of pipes (km). This analysis 

furthermore contained the exogenous variable: population density. The result of this analysis was 

that 11 of the water companies were considered efficient. 

Thereby, the Competition Authority estimated that by regulating the market, an efficiency gain of 

1,300,000,000 DKK (450,000,000 DKK from the water companies and 850,000,000 DKK from the 

sewage companies) can be achieved.  

To achieve these possible gains, several recommendations have been suggested:  

 Organizational separation in the municipalities’ authority provision and the municipally-

owned water and sewage companies is important, such that the economy of the companies 

will be clearly separated from the regular tax-financed economy of the municipals. Thus, the 

municipalities can still function as owners, but the operation of the companies should be 

conducted by a board and the management (Miljøstyrelsen and Finansministeriet 2005). 

 Free choice for the consumer in regard to water. At the given time, the Water Supply Act 

dictated that a property was automatically connected to the local supplier. However, in some 

of the larger cities, several suppliers are connected to the same network. In that case, the 

consumer could choose between suppliers, leading to competition and, in time, exclusion of 

the most expensive companies. To begin with, this would affect the larger cities but other 

municipals might see the advantage of connecting networks eventually to obtain a similar 

effect. However, this solution demands third party access to the pipe network. Hence, the 

existing supplier is forced to negotiate with the third party about access to the pipes and 

water. The quality of the water will be assured by setting minimum standards to the pipe 

users. 

                                                             
1 A quality requirement: a measure of how much oxygen bacteria and other microorganisms use when they 
degrade organic matter in the sewage (Ringkøbing-Skjern Forsyning 2013). 
2 Population equivalent is a ratio of pollution loads. It is how much sewage one person produces in 24 hours. 
(Ringkøbing-Skjern Forsyning 2013) 
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 Replacement of the break-even-principle to induce efficiency. 

 The use of a simple regulation that is easy to administer by the involved authorities and the 

companies.  

 The regulation should benefit the consumers and not lead to inappropriate income of the 

companies. 

 The regulation should be based on experiences of the regulated electricity market.  

 The efficiencies of the companies should be measured by the use of benchmarking. 

In 2005, the Danish Ministry of Environment made similar recommendations about the water sector 

as listed above (Miljøstyrelsen and Finansministeriet 2005). However, it specified the need for an 

independent supervisor to execute the benchmarking and price limits – similar to the authority 

regulating the electricity market (Miljøstyrelsen and Finansministeriet 2005) – and that the 

regulator should be under the Competition Authority and financed by the industry (Miljøstyrelsen 

and Finansministeriet 2005). 

In 2007, a broad political agreement was made to establish a more efficient water sector 

(Miljøministeriet, Departementet 2007). The background for this agreement was the overhaul of the 

water sector made by the Ministry of Environment in 2005. Listed below are some of the elements 

from the agreement (Miljøministeriet, Departementet 2007): 

 Benchmarking should be used to measure the efficiency of the companies, and should 

furthermore be a tool to adjust the price limits. The companies are obliged to participate in 

the benchmarking, and the framework of the benchmarking should be made in cooperation 

with the industry. Additionally, results of the benchmarking must be published to maintain 

the transparency. 

 The environment needs to be a focal point. The production of the companies should be 

improved to reduce environmental impact and lower energy consumption. 

 Separation of authority and operation such that the economy of the companies will be 

separated from the regular tax-financed economy of the municipalities. 

 Price limit regulation should be performed to ensure a more efficient market without 

negative impact on the environment. The regulation should result in lower prices for the 

consumers and improvement of the companies’ networks.  
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The price limits are to be set for every company in the sector that abstract or treat more 

than 200.000 m3 water on a yearly basis. From these companies under the law, the Water 

Department, determines the yearly efficiency penalties for the companies that have 

significantly large inefficiencies. All the companies incur a general efficiency penalty based 

on the efficiency in other industries. 

 The Water Department is to be created in order to regulate the economic conditions in the 

water sector. 

These two separate reports have influenced the law, The Water Sector Act and brought about 

change in the industry.  

4.4.2.2 The Current Water Sector Act 

In this section, selected parts of the Water Sector Act are shortly described. The focus will be on the 

paragraphs concerning the benchmarking.  

The law governs the municipally-owned companies that serve at least ten households and private 

operators that also serve at least ten households and transport or treat at least 200,000 m3 

(Miljøministeriet 2009). Additionally, the law states that there must be an organizational separation 

in the municipalities’ authority provision and the municipally-owned water and sewage companies 

(Miljøministeriet 2009).  

The Water Department is to make the performance-based benchmarking using operating costs, 

generate the price limits for the companies and publish the results (Miljøministeriet 2013).  

Efficiency penalties, which are yielded from performance-based benchmarking, must be for largely 

inefficient companies and not the norm (Konkurrenceankeklagenævnet 2012). Thus several 

considerations have been made in the calculation of the efficiency penalties, which will be described 

in section 5.4 The Danish Benchmarking Model 2013. 

The companies are obliged to report the needed information to the Water Department in order to 

perform the benchmarking and price limit rulings (Miljøministeriet 2009). If the companies do not 

report, the numbers in the price limit are to be estimated by the Water Department based on 

historical information (Miljøministeriet 2009).  

From the Water Sector Act, the Price Limit Order has been established with more details on time 

frames, etc. (see Miljøministeriet 2013). 
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4.4.2.3 Concerns of the Water Sector Act 

A comparison of the bullet points from the Background section and the Current Water Sector Act 

section shows some inequalities:  

 The break-even-principles are still applied, since the price limit is set to cover the 

companies’ costs (Miljøministeriet 2013). 

 The free choice of the consumer with regard to water by connecting pipes has not been 

executed.  

 Also, some might argue that the benchmarking is not as simple as suggested in the 

competition report from 2003. 

However, there are also similarities: 

 The regulated companies are being benchmarked to induce efficiency and ensure that the 

companies cannot set their prices unreasonably high (can only cover costs), which benefits 

the consumers.  

 An organizational separation from the municipalities has occurred.  

 The environment is taken into consideration, and companies can apply for supplement in 

order to cover costs for environmental and service goals (Forsyningssekretariatet 2012a; 

Miljøministeriet 2013).  

In conclusion, it seems that a lot of the suggestions have been implemented, although the Act has 

been criticized for being too bureaucratic and unable to achieve the goal (FVD n.d.a).  The private 

water companies in particular criticize the law, and some of the criticism is backed up by the 

politician Hans Christian Thoning (Reintoft 2013). Both the president of the Association of Danish 

waterworks and Hans Christian Thoning agree that, due to the increased administrational costs 

resulting from being covered under the Water Sector Act, the consumer price on water has 

increased instead of decreased (Reintoft 2013). Furthermore, the president of Nordenskov 

Vandværk A.m.b.a. finds it unfair that the smaller companies have to pay the same fee to the Water 

Department as the large companies (Reintoft 2013). Another critique is that the companies cannot 

save for future investments but are forced to borrow money (Reintoft 2013). In general, the belief 

that the private companies should not be subjected to the law is shown in numerous articles and 

letters from readers (see all the press releases from FVD n.d.e). 
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To combat criticism, from the price limits of 2014, the smaller companies (distribution/treatment of 

less than 400,000 m3) can choose if they prefer a four-year price limit instead of a yearly one 

(Miljøministeriet 2013). Ole Wiil (president of FVD) states in a press release that the four-year price 

limits are not a reasonable solution, as it will only save the private companies a few hours of 

reporting each year, and does not significantly decrease the administrational burden (FVD n.d.f).  

The Water Sector Act is currently under evaluation by a liaison (Naturstyrelsen 2011a), which 

might change the procedures in the future. An overview of the evaluation has been made by 

Deloitte; the evaluation started in April 2013 and is scheduled to finish in November 2013 

(Naturstyrelsen 2011a).  The evaluation focuses on ten points (Deloitte 2013): 

1. Incentives: evaluation of whether the break-even-principle, the price limits and other 

economic regulation induce the industry to reduce costs and become sufficiently efficient. 

2. Efficiency Penalties and the Regulation: evaluation on whether the price limits and 

benchmarking support efficiency, and if the efficiency can be strengthened further. 

3. Consumer Interest: evaluation of whether the law ensures transparency for the consumers. 

4. Transparency and a Clear Division of Tasks: evaluation of whether there is a clear 

division of tasks between the different stakeholders. 

5. The Water Department: evaluation of the Water Department’s organization, planning and 

efficiency. 

6. Environmental, Health and Company Conditions: evaluation of whether the law supports 

the required level of health and environment. 

7. Business Potential and Technology Development: evaluation of whether the law 

encourages growth and export of the Danish water technology and clarification of the 

regulation’s inducement of technology development in the industry. 

8. The Industry’s structural Development: evaluation of the structural development in the 

industry. 

9. The Companies’ Financial Conditions: evaluation of whether the companies’ financing 

affects the companies’ decision-making in regard to investments and activities. 

10. Comparative Analyses: comparison based on experiences from other countries or similar 

sectors, in order to obtain inspiration and knowledge. 

Deloitte is primarily responsible for the evaluation, but many stakeholders have the chance to be 

heard on different occasions within the evaluation (Deloitte 2013). 
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Thus, there seems to be a lot to evaluate, and the pending results are going to be interesting.  

From a socio-economic point of view, competition is preferred over any monopoly. This argument 

would favor regulation. However, if the regulatory methods mean a higher consumer price, which is 

postulated to be the case of the private water companies, then maybe changes need to be 

implemented. 

We believe there are different pros and cons of the law. An advantage is to try and induce efficiency 

such that the consumers do not have to pay more than necessary for their water/ treatment of 

sewage. Furthermore, we believe that the organizational separation of the companies and 

municipalities to improve the level of transparency is an advantage. Disadvantages include if 

consumer prices rise significantly due to an increase in administrative costs as a result of the law. 

Additionally, using the break-even-principle might not motivate the companies to become even 

more efficient. Hence, maybe it should be considered that companies that show a certain degree of 

efficiency earn certain revenue, like a mark-up used in other regulatory methods.   

4.4.3 The Danish Regulation 

As previously mentioned, since the companies have a natural monopoly within their region of 

supply, they are not exposed to the level of competition most companies are. Therefore, the 

companies do not have as big of an incentive to operate efficiently as a company that faces 

competition. To encourage the companies to become efficient, the companies are regulated and 

receive an efficiency penalty based on the benchmarking from the Water Department of the Danish 

Competition Authority (Forsyningssekretariatet 2013b). The efficiency penalties came into use in 

the price ceilings of 2012, based on the benchmarking model made by the Water Department 

(Forsyningssekretariatet 2013b). 

4.4.3.1 The Price Limits in the Danish Water Sector 

This section describes the price limits of 2013.  If nothing else is specified, the entire section is 

referenced to Forsyningssekretariatet 2012c, which is the clarification of price limits in 2013. 

In 2010, the water and sewage companies covered by the Water Sector Act received their rulings for 

price limits applied to 2011(Forsyningssekretariatet 2013d). The price limit functions as a revenue 

cap such that the companies will not charge their customers more than what is needed to cover 

their costs when operating in an efficient manner.  
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As previously mentioned, the companies are obliged to report different information for the 

calculation of the price limit. This is done online and the Competition Authority receives and stores 

the data. The companies report in two schedules: one used in the price limits describing different 

CAPEX, and one containing information on the companies’ cost drivers and operating costs (OPEX) 

used for the benchmarking.  

Once all the information is gathered, the Water Department performs different quality checks. The 

price limit is then calculated and a draft is sent out to each company. The company then has two 

weeks to send in a hearing statement to the draft before the final ruling on the price limit is made. 

The price limit is given as a cubic meter price. However, the companies can freely decide the 

composition of their prices. The prices can consist of solely variable usage-prices or a mix of 

variable and fixed prices. The requirement is that the overall income cannot exceed the price limit 

(the cubic meter price) multiplied by the amount of treated/distributed water. 

The table on the following page shows the elements implemented in the price limits and the signs of 

the different elements. 
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Table 1: The Elements of the Price Limit of 2013 

Step 1: Operating Costs 

+ Operating costs from the price cap ruling of 2012 

- Possible loss of significant costs 

+ Correction for inflation between 2012 and 2013 

+ 
Possible increase of operating costs to the level of efficient operating costs according to the 
benchmarking model 

- General efficiency penalty (productivity development) 

- Individual efficiency penalty (performance benchmarking) 

Step 2: Corrections from previous years 

-/+ Settlement of deficit or excess cover (according to the statement in the price cap of 2012) 

-/+ Correction regarding compliance with the revenue framework from the price cap of 2011 

Step 3: Budgeted costs 

+ 1:1 Costs 

-/+ Correction of actual expenses for approved 1:1 costs of 2011 

+ Operating costs associated with environmental and service goals 

-/+ Corrections of actual expenses for approved environmental and service goals of 2011 

-/+ Net financials 

-/+ Corrections of actual expenses and income of net financials of 2011 

Step 4: Supplements for investments 

+ Supplements for planned investments of 2012 and 2013 

+ Supplements for implemented investments of 2010 and 2011 

-/+ Correction of implemented investments of 2011 

+ Supplements for historical investments 

Step 5: Revenue framework and price limit 

= Statement of total revenue framework and price limit denoted in DKK per m3 

Remark: Description in bold is the aspect that is related to this thesis. 
Source: Forsyningssekretariatet 2012c, p. 7 

Consequently, the cubic meter price covers all the different costs mentioned in the table above, 

which is consistent with the break-even-principle. The main focus in this thesis is on the 

benchmarking, which is represented in the table as the individual efficiency penalty.  Thus, the 

benchmarking is only one of many other puzzles in the big picture. However, it is the driving factor 

in forcing the companies to become efficient in regard to operating costs. 
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5 Benchmarking 

The Danish water sector is regulated using revenue cap regulation. Within that revenue cap, there is 

a benchmarking factor (see 4.3.1. Price Cap Regulation for more information), where firms may be 

issued a penalty if their efficiency is inadequate. Below is a theoretical discussion regarding 

benchmarking with a focus on statistical benchmarking, which is followed by a discussion of the 

benchmarking tool (data envelopment analysis) used by the Water Department within its 

regulation.  

Benchmarking came about in the late 1980s and is becoming increasingly popular in today’s 

managerial interest (Oliver n.d.). Benchmarking was considered among the most important tool 

when management was surveyed (Bogetoft and Otto 2011). Benchmarking is defining a valid 

evaluation criteria and comparing entities among other peers to determine relative positions (Zhu 

2009) and see if they are doing well or poor in comparison (Daniels 1996). The evaluations allow a 

firm to be aware of best practices and performance, which hopefully will lead to an increase in 

performance or improvements (Oliver n.d.).  

In general, there are several different types of benchmarking: internal, external with competitor, 

functional operations of non-competitor, generic processes, product (Oliver n.d.) and longitudinal 

(Bogetoft and Otto 2011). Internal benchmarking is comparing processes within the same 

organization (Oliver n.d.). This is also called intra-organizational comparisons, and can be used for a 

number of evaluations and objections (Bogetoft and Otto 2011). External benchmarking is with 

direct competitors, the idea being that if firms are operating in the same market it is legitimate to 

compare them to each other, although establishing the legitimacy is often debated and can be 

difficult (Oliver n.d.).  Inter-organization benchmarking can be with direct or indirect competitors. 

Benchmarking against non-competitors can be used when looking at a process or product that is 

excelling to gain insight or inspiration (Oliver n.d.). Inter-organizational benchmarking is used by 

regulators (Bogetoft and Otto 2011) or unions e.g., DANVA (Bogetoft and Otto 2011), and is the type 

of benchmarking that is used in the Water Department as an incentive tool. Generic benchmarking is 

looking at a process or function of another firm to gain insight about a company’s own process or 

function to help understand input and outputs (Oliver n.d.). Product benchmarking is looking at 

specific products to compare features (e.g., car firm looks at other vehicles and breaks down their 

products to look at manufacturability, durability, and features of a specific product) (Oliver n.d.). 
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Longitudinal benchmarking is used to look at a firm or firms in different time periods (Bogetoft and 

Otto 2011).This is often used in regard to welfare arguments or improvements by economists or 

politicians (Bogetoft and Otto 2011).  

When benchmarking is done correctly, it can assist in setting targets, increase productivity, increase 

insight into processes, and motivate firms (Oliver n.d.). The objective of benchmarking is to assist 

with decisions and control; in other words, to be a learning, coordinating and motivating tool 

(Bogetoft and Otto 2011).  

Benchmarking can reduce the adverse selection problem, as well as the moral hazard problem by 

having firms benchmarked against other firms, while also providing incentive (Bogetoft and Otto 

2011). Since competition is usually a motivation to increase efficiency (Munksgaard et al. 2005), and 

the scenario of natural monopolies make it difficult to increase efficiency by increased competition 

(Munksgaard et al. 2005), benchmarking is arguably vital to increase efficiency, a motivational tool.  

Benchmarking can be implicit or explicit. Implicit is when benchmarking is present; it influences the 

thinking of management since performance is now recognized, whereas explicit is when 

benchmarking is used in a more formal manner (e.g., setting of price cap) to calculate inefficiencies 

(Bogetoft and Otto 2011). Denmark uses explicit benchmarking of the water sector and has 

penalties for inefficiencies. 

 Benchmarking can be linked with other key performance indicators. Common key performance 

indicators are return on assets, debt ratio, gross margin, etc. (Bogetoft and Otto 2011).  

Key performance indicators are a measurement of input-output ratio, and companies can use these 

key performance indicators to be benchmarked to other firms (Bogetoft and Otto 2011).  

There are several statistical benchmarking tools, such as ordinary least squares, corrected ordinary 

least squares, stochastic frontier analysis, indexing, and data envelopment analysis (Lowry and 

Getachew 2009). The two main approaches to technical benchmarking using a frontier are DEA and 

SFA (Munksgaard et al. 2005). Both of these methods answer a question regarding the best practice 

and the deviation from the best, while differing in the approach (Munksgaard et al. 2005).  

Benchmarking can have a frontier standard (DEA, SFA, COLS) or a competitive market standard 

(OLS, indexing) (Lowry and Getachew 2009; Jamasb and Pollitt 2000). The frontier standard is 

when others are benchmarked against the best, whereas competitive market standard is when 
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others are benchmarked against the average or a standard (Lowry and Getachew 2009).  

Benchmarking against a frontier standard presents a few concerns.  For example, the frontier may 

consist of more short-run costs and, therefore, not be sustainable in the long-run, thus hurting long-

term viability, firms may have difficulty raising funds, or firms may be rewarded less for risks they 

take (Lowry and Getachew 2009). Using a competitive market standard reflects industry level 

conditions and still provides incentive (Lowry and Getachew 2009).  

DEA and SFA will be discussed in more detail in the following sections, as they are both frontier 

techniques used in this thesis. COLS will briefly be described as it is another frontier technique, and 

therefore deemed relevant The COLS is a method that is based on a regression analysis using the 

OLS. The OLS is a statistical tool, which estimates a regression line based on actual observations 

(Gujarati and Porter 2009). This is done so the distance from the actual observation points and the 

estimated regression line (the residuals) is as small as possible (Gujarati and Porter 2009).  

The distance is reduced by minimizing the sum of squared residuals. The reason why the residuals 

are squared is to handle both positive as well as negative residuals and to emphasize more weight to 

the points that have the furthest distance to the estimated line (the largest absolute residuals) 

(Gujarati and Porter 2009). As stated, COLS is based on a regression analysis using the OLS 

technique, and then is corrected/ shifted to a frontier. The shift to the frontier is calculated by taking 

the largest estimated error and adding it to the estimated intersects (Jamasb and Pollitt 2003).  

This will ensure a frontier analysis, because the function will pass through the most efficient 

observation (Jamasb and Pollitt 2003). The efficiency scores will range from zero to one with one 

being the most efficient and the deviation from one is due to a firm’s inefficiency (Jamasb and Pollitt 

2003). A disadvantage of COLS is that the functional form of the frontier is estimated (Jamasb and 

Pollitt 2003) and therefore the efficiency scores are also estimates (Jamasb and Pollitt 2000). 

There are pros and cons to statistical benchmarking in regard to the regulatory environment 

(Lowry, Statistical benchmarking in utility regulation). As previously mentioned, if done correctly, 

benchmarking can create incentives, increase productivity, etc. (Oliver n.d.), but it can also 

externalize the costs since it is dependent on external targets and not only a company’s own costs, 

which increase incentives (Lowry and Getachew 2009). Benchmarking can reduce regulatory costs 

if regulators have little experience with setting rates, authority over several utilities, or 

encountering problems with traditional methods (Lowry and Getachew 2009).  
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Benchmarking also has several cons associated with it. Benchmarking exposes firms to regulatory 

risk, such as choice of model or accuracy, which may compromise a firm’s financial health if the 

model is not sufficiently precise (Lowry and Getachew 2009). Inefficiencies may also result from 

unexplained costs and not be related to firm efficiency (Lowry and Getachew 2009). 

Regardless of which approach is used to get true and accurate results, there are difficulties with 

benchmarking which can be caused by a lack of information and resources and accurately 

establishing correct comparability points (Oliver n.d.).  

5.1 Data Envelopment Analysis 

As previously mentioned, there are several tools used to benchmark. The Water Department uses 

the DEA approach in its regulations. Thus, DEA is the main focus in this thesis. 

DEA was developed by Charnes et al. in 1978 (CCR model) and then improved in 1984 by Banker et 

al. (BCC model) (Post and Spronk 1999). DEA is a linear programming technique used to measure 

the performance of decision making units (DMU) (which corresponds to the water or sewage 

companies in this thesis) based off other DMUs (Post and Spronk 1999). In other words, DEA is a 

data oriented approach to evaluate performance (Cooper et al. 2011).   

An advantage of DEA is that it gives an actual score of the DMU’s efficiency (Pachkova 2005), 

although it does not specify where the efficiency or inefficiency occurs. Furthermore, the model can 

handle several inputs and outputs (Bogetoft 2012) and they are not required to have the same units 

(Cornuejols and Trick 1998).  There is also no specified relationship between the inputs and outputs 

(Cornuejols and Trick 1998).   

DEA methodology is to use the best input to output DMU as the reference and then to find the lowest 

fraction (smallest input-output combination) of current DMU’s input to produce the feasible level of 

peer DMU’s output, also known as minimal extrapolation (Post and Spronk 1999). The DMU deemed 

to have the best result is then used as a comparator to every other DMU in relation to their ratios 

(Charnes et al. 1978). DEA can be output or input oriented. In other words, output-oriented models 

will maximize output with the given input, whereas input-oriented will minimize input for the given 

output (Thanassoulis 2000a). The set of feasible production plans (input-output combinations) are 

given by the technology or production possibility set   (an assumption is that all the firms have 

common underlying technology  ) (Bogetoft and Otto 2011).  
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The efficiency is measured as the relative distance from the DMU-point to the efficient frontier 

(Bogetoft and Otto 2011). When DEA returns the number 1 (=100%), that is considered efficient 

(Hermans et al. 2009) and therefore is the frontier. When a DMU is rated less than one, it is because 

there exists a better linear combination (the frontier) that yields a higher output at the same level of 

input (Cornuejols and Trick 1998). A numerical example is if a DMU is rated by 0.75, it is 75% 

efficient and thus is 25% (1-0.25) inefficient and therefore has a 25% efficiency potential.  

The relative efficiency has been defined by: 

“A DMU is to be rated as fully (100%) efficient on the basis of available evidence if and only if 

the performances of other DMUs does not show that some of its inputs or outputs can be 

improved without worsening some of its other inputs or outputs” 

(Cooper et al. 2011, p. 3). 

DEA is unique compared to other statistical regression since DEA does not force data through a 

central tendency or the maximum likelihood, but rather uses frontiers, which can lead to uncovering 

relationships that were previously hidden (Cooper et al. 2011). Using the frontier is an important 

element to act as the comparator for other DMUs,  since it focuses on the observed operating 

practices in a production process (Post and Spronk 1999), although it is important to keep in mind 

the discussion regarding frontier versus competitive market standard (in section 5 Benchmarking). 

For DEA to be considered an accurate tool, it is important that only relevant inputs and outputs are 

included. It is especially important since the more inputs and outputs the model has the higher in 

efficiency the results tend to be (Bogetoft and Otto 2011). The higher efficiency occurs with more 

inputs and outputs since the DMUs are too specialized (Cornuejols and Trick 1998). DEA also does 

not account for noise, such as measurement errors or random shocks, which could contribute to 

faulty readings (Lowry and Getachew 2009), and uses the hardest/highest possible standards 

(Bogetoft and Otto 2011). A rule of thumb when it comes to inputs and outputs in DEA is that the 

number of observations (DMUs) must be at least three times larger than the number of inputs plus 

the number of outputs (Bogetoft and Otto 2011). 

DEA can be used for a variety of industries, which makes it a powerful mechanism, due to the nature 

of multiple inputs and outputs and of the few assumptions (Cooper et al. 2011) that relate to the 

model used in this thesis.  
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The assumptions by DEA are as follows (Bogetoft 2012): 

1. Free disposability  

2. Convexity  

3. Scaling  

4. Additively, replicability 

The first assumption is that a DMU can produce less output with more input (Bogetoft 2012).  

The second assumption is convexity, which claims that a weighted average of viable production 

plans will also lead to a viable production plan (Bogetoft 2012). The third assumption is returns to 

scale, which is the relationship between the inputs and production of output (Bogetoft 2012).  

The three common scaling assumptions are:  

 constant returns to scale (CRS),  

 decreasing returns to scale (DRS or NIRS), 

 and increasing returns to scale (IRS or NDRS).  

For more in-depth information regarding scaling, see 5.1.1. Returns to Scale in the Data 

Envelopment Analysis. The final assumption is additively or replicability. This is to say that it is 

possible to sum the two production plans (Bogetoft 2012).  

There are several models of DEA that have been developed since the first model (CCR), and these 

models have different assumptions. The most famous models are the CCR, BCC, FDH and FRH 

models. The CCR and BCC models are based off of continuous combinations (Pachkova 2005), and 

CCR only assumes CRS, while BCC can have different scales (Vincova 2005), which correspond to the 

assumptions listed. The FDH (free disposability hull) and FRH (free replicability hull) models are 

based off of discrete combinations (Pachkova 2005); the FRH only assumes free disposability and 

additivity, whereas the FDH only assumes free disposability (Bogetoft 2012). Depending on which 

model is chosen, the results will differ; FDH will produce the highest efficiencies, whereas CRS will 

be considered the harshest (Bogetoft 2012). In relation to this thesis, the model used is the BCC 

model. 
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5.1.1 Returns to Scale in Data Envelopment Analysis 

As earlier mentioned, the returns to scale assumptions influence the DEA results.  Returns to scale 

(RTS) can be used in various contexts, but for this thesis, RTS is used in respect to the DEA, since 

RTS is an integral part of DEA. RTS was a modified aspect of the DEA model by Banker et al. (BCC 

model) (Golany and Yu 1997), meaning now the model can handle various returns to scale 

assumptions (Thanassoulis 2000a).  

Returns to Scale is related to the production function of a firm (Perloff 2008) and the 

effect/relationship the output has, given the level or amount of input (McAuliffe n.d.b).  

In other words, when a firm adds a unit of all its input proportionally, does the output increase 

proportionately, increase at a larger amount, increase at a smaller rate, etc. (McAuliffe n.d.b).  

This relationship between all of a firm’s inputs and the output is the economies of scale (Perloff 

2008).   

There are several economies of scale and at varying degrees (Perloff 2008). The main returns to 

scale are below (Perloff 2008), where   is labor,   is capital and   is the production function: 

 Decreasing return to scale: As input increases, the output increases at a smaller rate 

                 

 Increasing return to scale: Output increases at a faster rate than the input.          

        

 Constant return to scale: The proportion of inputs increases the proportion of outputs at 

an equal rate. An example is if one uses 25% resources, one can produce 25% of goods or 

services.                  

 Variable return to scale: allowable mix of decreasing, increasing, and constant returns to 

scale (Bogetoft 2012).  

In regulation when using DEA, the scale chosen has an impact on the results. It should be noted that 

DRS and IRS are not mentioned as a stand-alone assumption in relation to regulatory benchmarking 

(as is the case with CRS or VRS) in the referenced articles, although DRS and IRS is taken into 

consideration within the VRS assumption.  
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There are statistical and regulatory reasons for choosing a scale. There have been papers discussing 

the difficulties in finding the correct RTS assumption to use in regard to DEA (Sueyoshi and Sekitani 

2007), and therefore, there is not a cut and dry answer, but rather dependent on environment and 

use.  

The scale used determines the shape of the frontier and therefore affects the efficiency scores for 

the firms. Below are shown DEA frontiers of the four mentioned scale assumptions in a single-input, 

single-output example. 

Figure 1: DEA Frontiers with Different Scale Assumptions in a Single-Input Single-Output Case 

  

  

Source: The graphs are based on the graphs from Bogetoft 2012, p. 74 
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In general, it has been noted that the use of CRS is the most restrictive frontier (Munksgaard et al. 

2005). This is also visible in the graphs above, because CRS is the case where the distance from the 

points to the frontier is largest. Since CRS ignores variability of production scales, it may produce 

unrealistic results that are quite harsh (Munksgaard et al. 2005). Since this RTS-assumption is 

harshest, it leads to an argument to use CRS when regulating. Many regulators choose CRS since it 

might lead to small companies merging and large companies splitting up to match the optimal scale 

(Bogetoft 2012) which is in the interest of consumers. The merging of companies can also be backed 

up by arguments being made that in a regulatory environment, CRS closely resembles market-like-

conditions (Munksgaard et al. 2005), which are lacking in natural monopolies.  Although, companies 

cannot always control their size (especially in the short-term) except with mergers and acquisitions, 

which are subject to government approval (Thanassoulis 2000b).  

When using VRS, the efficiency boundary can operate at constant, increasing or decreasing levels at 

different points (Thanassoulis 2000a). Therefore, VRS is known to be the least restrictive, since 

there is no forced scaling. Thus, the benchmarking is between firms that have a similar scale 

(Munksgaard et al. 2005). Assuming VRS ensures that firms are compared with other firms that are 

similar in size (Jamasb and Pollitt 2003). This in turn causes the efficiency scores from VRS to be 

higher than when using other scales (Munksgaard et al. 2005).  

5.1.2 Scale Efficiency 

When a firm is operating at CRS, it is considered to be operating at the “most productive scale size” 

(Bogetoft 2012, p. 83). When operating at the most productive scale size, the output is at its 

maximum, and the average cost is minimized with a single-input/ single-output model, as well as 

comparable results with multiple inputs and outputs (Bogetoft 2012). The term “scale efficiency” is 

an approach used to discover if a firm is operating at the optimal size, and can be defined as: 

                       
                             

                             
 

(Bogetoft 2012, p. 83).  

When       , the firm is operating at the most productive scale size (Bogetoft 2012). When    

 , the firm is not operating at its optimal scale, and therefore the farther away from 1, the more loss 

is accrued (Bogetoft 2012). Operating when      does not indicate if a firm is too big or too small, 

only that it is not optimal (Bogetoft and Otto 2011).  
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Since    does not indicate if a firm is too big or small, DRS efficiencies must be calculated to 

determine that information. If                                        , the firm is too small, 

and if                                          , the firm is too big (Bogetoft and Otto 2011).  

Scale efficiency provides more insight into whether if a firm is operating at its efficient size, and 

therefore gives more insight on where inefficiencies may occur within a firm (Bogetoft 2012). 

Although, firms may not have the possibility of becoming bigger or smaller in real life, especially 

since the market is not competitive, and a few inputs and outputs do not tell the whole story of 

production (Bogetoft 2012). 

5.2 Stochastic Frontier Analysis 

SFA was pioneered by Aigner, Lovell, and Schmidt (1977) and Meeusen and Van den Broeck (1977) 

(Coelli et al. 1998).  These papers originated as a look at frontier analysis with the allowance of 

errors (Kumbhakar 2003). Both papers were published around the same time, and included error 

terms containing both statistical noise and technical inefficiencies (Kumbhakar 2003).  

As previously mentioned, SFA, along with DEA, is considered to be one of the leading methods in 

modern benchmarking (Bogetoft 2012). Whereas DEA is a mathematical programming approach, 

SFA is an econometric approach (Bogetoft 2012). Both approaches ultimately find a standard in 

terms of an efficient frontier and evaluate other DMUs based hereof (Bogetoft 2012). The 

differences between the two approaches are that DEA is considered a non-parametric and 

deterministic approach, whereas SFA is a parametric and stochastic approach (Bogetoft 2012). 

Another difference between DEA and SFA is that DEA uses the inner approximations to calculate the 

lowest ratio of input to outputs, whereas SFA models from the outside and tries to find a 

mathematical function that captures the frontier’s shape (Bogetoft 2012).  The SFA determines the 

technical efficiencies of a firm (similar to DEA), as well as the inefficiencies due to noise 

(Kumbhakar 2003). SFA can be written as: 

                                              

(Bogetoft 2012, p. 117). 

It is not just the inefficiency that causes the deviation of the estimated results from the observed 

output, but also noise. The noise factor of a model accounts for random elements in the production 

process, as well as measurement errors (Bogetoft 2012).  
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The inefficiency aspect is only due to a company’s inefficiency (Bogetoft 2012). The noise factor is 

considered to be normally distributed, the inefficiency factor is considered to be half-normally 

distributed (only positive values), and both terms are considered to be independent (Bogetoft 

2012). Thus, the best companies may lie above the determined frontier since noise is accounted for 

(Coelli et al. 1998). 

The parametric approach, SFA, requires initial assumptions such as a functional form (linear, log-

linear, log-log) (Bogetoft 2012), which can be considered a weakness, although this approach allows 

for stochastic relationships to occur (Bogetoft and Otto 2011). While the frontier of the DEA is 

determined by a group of peer units (Bogetoft 2012), the frontier of SFA is influenced by all the 

DMUs and not solely a group of peer units (Bogetoft 2012). Another difference is that DEA is based 

on minimal extrapolation and SFA is based on the maximum likelihood principle (Bogetoft 2012). 

The purpose of maximum likelihood principle is to determine parameters that make the estimations 

as close as possible to the actual observation (Bogetoft and Otto 2011).  

Overall, the biggest disadvantage of the SFA is the assumption of functional form (Kuosmanen et al. 

2013). However, it is seen as a great advantage that SFA distinguishes between inefficiency and 

noise (Coelli et al. 1998). 

For this thesis’ purpose, the technical efficiencies of SFA will not be used. Instead, we will look at the 

variances to determine the total variance of the model, as well as the variance for noise, and 

variance for inefficiencies. The total variance can be viewed as: 

     
    

  

where   
  is the variance due to inefficiency and   

  is the variance due to noise (Aigner et al. 1977, 

p. 26). 

The inefficiency proportion of the total variation can be described as: 

  
 

  
    

  

 (Bogetoft and Otto 2011, p. 214). 

This information can tell us how much of the total variation between the model and actual numbers 

is due to inefficiencies or noise (Bogetoft and Otto 2011).  
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Given that the Water Department uses DEA as the main benchmarking tool, we will follow that 

approach in the majority of our analyses in this thesis. However, SFA will be used in a 

complementary analysis to determine if noise exists in the data, as well as a foundation for a 

discussion of some of the considerations the Water Department makes based on its corresponding 

SFA. 

5.3 Economies of Scope 

Economies of scope were briefly introduced when discussing regulation, but a more in-depth 

discussion will occur since a second-stage analysis of economies of scope is included in this thesis. 

Economies of scope are when it is cheaper to produce two goods in one firm than producing them in 

separate firms (Pepall et al. 2008). When a firm that produces similar products, which can be 

argued, is the case with water and sewage production, economies of scope can occur (McAuliffe 

n.d.a). Economies of scope deal with the variety of operations/ products (McGee n.d.).  

Economies of scope arise from the different products sharing inputs such as overhead, reputation, 

management, process, resources, knowledge etc. that gives rise to the cost advantage (McAuliffe 

n.d.a; McGee n.d.). Economies of scope with utilities can allow for significant efficiency (Marques 

and De Witte 2011). 

Economies of scope can be connected to a concept of vertically integrated firms. Vertically 

integrated firms are when a firm controls more than one process from start to finish of a product 

(Pollitt and Steer 2012). When looking at the Danish water sector, there are many firms that are in-

control of a majority of the process and few firms focus on one activity, such as treatment or 

distribution (Forsyningssekretariatet 2013b). In an article where Pollitt and Steer (2012) look at 

economies of scale and scope in the UK water and sewage industry, the vertically integrated firms 

were present in the UK water and sewage companies, whereas other grid-like industries in the UK, 

such as electricity, gas and telecoms, have moved away from vertically integration. In general, 

vertically integrated firms tend to be in young markets since products are unique and not easily 

accessible, whereas when an industry is large or economical enough, then disintegration occurs to 

increase efficiency.  

However, arguments can be made that the water industry is in a strong market due to the increase 

in population and since water is a very important commodity, making it a lucrative market (Pollitt 

and Steer 2012). 
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Economies of scope seem like a simple concept, but unfortunately, it is difficult to isolate economies 

of scope since there is often a lack of information or costs related to the separate production 

(disentangling the costs) of products (Rozek 1988). When attempting to detect economies of scope, 

it is important that firms have identical characteristics, such as size and regulation (Rozek 1988).  

Another problem is the definition of economies of scope (Pollitt and Steer 2012). For example, a 

water company may be considered just a water company, but then it is renamed “water company 

and water plant,” and suddenly it becomes a multi-product firm. This is true in the Danish water and 

sewage firms, since there are some firms that send their products to a treatment plant, while other 

in-house the treatment, so is this considered a multiproduct firm (Pollitt and Steer 2012)?  

Overall, there are mixed results with economies of scope within the water sector. An article that 

looked at numerous studies of economies of scope within the water sector found diverse findings. 

Most studies from that article found some economies of scope, whereas others found diseconomies, 

and some studies were inconclusive (Pollitt and Steer 2012).  Although the economies of scope that 

were found tended to be from smaller firms (Cruz et al. 2012).  Therefore, this seems to be a very 

complex subject, without any absolute answers.  

5.4 The Danish Benchmarking Model 2013 

This section describes the benchmarking model made by the Water Department that is used in 

determining the price limits of 2013. Thus, the entire section (5.4 The Danish Benchmarking Model 

2013) is referenced to Forsyningssekretariatet 2013b and corresponding appendices if nothing else 

is specified, since this is the Benchmarking 2013 paper that described the model used by the Water 

Department. 

The Danish Water Department uses a benchmarking model based on operating costs to determine 

the Danish sewage and water companies’ efficiency potentials. The efficiency potential is an 

expression of how much the company is able to reduce its operating costs in order to operate as an 

efficient company. From this efficiency potential, an efficiency penalty is calculated for each 

company and this is included in the companies’ price limits.  

To obtain the efficiency penalties for the companies, several steps are made and multiple terms are 

used. All the steps of the derivation of the efficiency penalties and all the terms included are 

explained in the following sections.  
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5.4.1 Cost Drivers and Cost Equivalents 

The companies’ networks have been split into general categories that determine the amount of the 

operating costs associated with running the network. These categories are called “cost drivers”.  

The underlying conditions that determine the amount of the costs connected to each cost driver 

(e.g., the amount of pumped up water for the cost driver drillings) have been determined. The 

average relationship between the costs attached to a certain cost driver and the underlying 

conditions across the industry is called a “cost equivalent” (e.g., what impact does the amount of 

pumped up water have on average for a company’s cost connected to operate drillings).  

The benchmarking model must enable a comparison of the companies with differences in their 

network and company size. In some cases, special conditions may be present in a few companies, 

and therefore adjustments can be made for individual companies based on the Water Department’s 

discretion. Based on the requirements of the benchmarking model, a discussion with the industry 

and the information provided by the companies, the cost drivers have been chosen. 

Figure 2: Cost Drivers and Underlying Conditions for  the Water Firms 

 

Remark: The box attached to each cost driver box contains the underlying conditions. 
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Figure 3: Cost Drivers and Underlying Conditions for the Sewage Firms 

 

Remark: The box attached to each cost driver box contains the underlying conditions. 

 

The size of the operating costs associated with a given cost driver can vary a great deal between 

companies depending on various underlying conditions in each cost driver. In order to ensure the 

quality of the data, the Water Department had removed the companies that have not fully reported 

the required information in the benchmarking model.  

For the creation of the cost equivalents used in 2013, the companies reported their actual costs 

from 2011 associated with each cost driver and their activities in each cost driver described by the 

underlying conditions. The companies that have not reported are being estimated by the Water 

Department depending on the information available. The mind-set is that the companies that did 

not report should not be benchmarked with the rest of the companies, and should not be put in a 

better light (to see details about the estimation methods, see Forsyningssekretariatet 2013e , Price 

Limit 2013 of Juelsminde Grundejerforening). 
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The cost equivalents used in the benchmarking model of 2013 and in our analysis can be seen in the 

tables below. 

Table 2: Cost Drivers and Cost Equivalents of  the Water and Sewage Companies 

Cost driver Cost equivalent 

Drillings          
       

Water Plants                           

Booster Stations                                               

Clear Water Pipes                              

Plugs                                  

Customers           

 

Cost driver Cost equivalent 

Pipes                              

Pump Stations                                             

Rainwater Pools            

Sewage Pools           

Mini WWTTP           

Cleansing 
            

                 
                 

                 
      

           
                 

              

Sludge Treatment                            

Customers           

Remark: The blue table shows the cost equivalents of the water companies, and the red tables for the sewage 
companies. 
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5.4.2 The Net-Volume-Measures 

The sum of the cost equivalents for a company is the company’s net-volume-measure, which is used 

in the benchmarking analysis. In the benchmarking model of 2013, three net-volume-measures are 

included: 

 The raw net-volume-measure (NVM) is an amount which describes each company’s 

operating costs associated with running its network, based on an average for the industry. 

The NVM of each company is derived from the cost equivalents and the company’s reporting.   

 The Water Department assumes that there is a relationship between an age of the network 

and the costs of the network. Therefore, the Water Department has made the age corrected 

NVM (AC_NVM), which takes the age of the network into consideration. Regressions have 

shown that age has a significant impact on the operating costs for the cost drivers: clear 

water pipes for water and pipes for sewage. Thus, the AC_NVMs for  the water and sewage  

companies are: 

                                                         , 

 

                                              

 

 Furthermore, the Water Department assumes that companies with complicated 

infrastructure have higher costs in supplying their area. Therefore, the Water Department 

has calculated the density corrected NVM (DC_NVM), which corrects the size of the 

companies’ NVM depending on the complexity of the company’s area of supply. In the NVM, 

the infrastructure of the companies is already encountered in the four cost drivers: clear 

water pipes, plugs, pipes and cleansing in terms of zones. The DC_NVMs for  the water 

sewage  companies are: 

                                                       
 

                                                     

As mentioned earlier, the NVM is the sum of the contributions from each cost-equivalent.  

Each company has an individual NVM that expresses what a company’s operating costs would be if 

they matched the average of the other companies’ operating costs. Therefore, the impact of the cost 

equivalents based on the companies’ reporting is high. Thus, a sensitivity analysis of the NVM has 

been made to ensure that the NVM is appropriate for the benchmarking model. 
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5.4.2.1 The Sensitivity Analysis of the Net-volume-measures 

The sensitivity analysis clarifies how sensitive the NVM is, when it comes to changes in the cost 

equivalents. Thus, the sensitivity will act as a control of the calculation of the cost equivalents as 

well as for the NVM’s capability to describe the efficiency of the companies. Since the cost 

equivalents are not a main focus in this thesis, the sensitivity analysis will not be described further 

(for details see appendix 2 of Forsyningssekretariatet 2013b). However, the sensitivity analysis 

shows that the NVM is robust both with regard to water and sewage.  

5.4.3 The Data Envelopment Analysis 

In the benchmarking, two types of operating costs are used. There is FADO, which are actual 

operating costs for 2011 indexed to 20123, and then DOiPL, which are adjusted costs from the base 

years 2003-2005 that are used as estimated 2013 operating costs. FADO is used to determine the 

frontier companies in the market, whereas DOiPL is used to determine the actual efficiency 

potential of each company. 

The three net-volume-measures, the NVM, the AC_NVM and the DC_NVM, are benchmarked as the 

outputs against the FADO input in the DEA model. The approach of the DEA ensures that the 

companies’ FADOs are evaluated to the NVM or a combination of the NVMs that favors the 

companies. The result of this particular benchmarking is used to determine the efficient frontier.  

The relative distance from the frontier and the companies’ DOIPL is called the efficiency potential. 

Any company with a lower efficiency potential lower than 100% is inefficient. Thus, the efficiency 

potential describes how much a company could improve compared to the most efficient companies.  

For the benchmarking of the water sector, an input-based DEA model is used since the input is 

FADO, which can be influenced by the companies. The net-volume-measures are assumed to be 

fixed output. The reason why the net-volume-measures are considered fixed is that the companies 

are obligated to supply a certain area and hence rely on the demand. The frontier depends on the 

returns to scale, and the Water Department assumes constant returns to scale. 

                                                             
3 The operating costs do not include those operating costs that the firms cannot influence, also known as 1:1 
costs.  
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5.4.4 Considerations in Regard to the Efficiency Potentials and the Frontiers 

When the efficient frontier has been established by using DEA with FADO as input and the three net-

volume-measures as output, the Water Department decides whether the frontier is representative 

as a benchmark for all the companies involved.  There is uncertainty as to whether the small, private 

water companies are comparable with the larger municipally-owned companies. This is due to the 

fact that the small private companies have a degree of volunteer workforce and possibly lower 

service levels in terms of shorter opening hours for telephone inquiries, which both factors can 

contribute to lower operating costs. Thus, the Water Department has decided that the efficient 

frontier cannot consist of the private water companies. 

To ensure that the most efficient companies do not influence the rest of the firms excessively or in 

case of misreporting, the Water Department takes the first band of most efficient companies out of 

the analysis and performs a second DEA. From this analysis, the second band of efficient firms is 

found, and this frontier is used in the following calculations of the efficiency potentials.  

While FADO is used to find the efficient frontier in DEA, DOiPL is used as input in DEA in order to 

find the efficiency potentials of the inefficient firms.  This implies that the companies constituting 

the efficient frontier still can get an efficiency potential if they have a DOiPL that is higher than their 

FADO. 

5.4.5 The Efficiency Potential 

Since the efficiency potentials determined by the input-based DEA model depends on individual 

conditions for each company, the efficiency potential of some companies might be overestimated. 

Therefore, the Water Department uses several uncertainty considerations: 

 Besides the NVM, the two adjusted net-volume-measures (AC_NVM and DC_NVM) are 

included in determination of the frontier and efficiency potentials. 

 A general modification of the net-volume-measure in order to account for possible lack of 

cost drivers. This modification is done by increasing the companies’ net-volume-measure by 

a portion of the companies’ DOiPL. The decision on how big of an increase depends on data 

quality, the number of cost drivers and the variation in the benchmarking model.  

In terms of data quality, the reporting from the companies to the recalculation of the cost 

equivalents show that the directly assignable and function assignable costs consist of 80% of 

all the operating costs. Compared to the year before, the recalculation of the cost equivalents 



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 54 – 
  

has led to fewer outliers, and more cost drivers and underlying conditions are used 

compared to 2012. The major improvement is in the cost driver WWTP, which has 40% of 

all operating costs of a sewage company assigned to it. 

 In terms of variation in the model, it can be divided in three main parts: 
 

                                                                                

In order to split up the variation, an SFA model is used. The SFA model explains how much of 

the variation is caused by inefficiency and the lack of cost drivers/special conditions in 

addition to unknown variation. The general consideration is deducted partly from the SFA. 

The small private companies have been excluded from this analysis (in regard to the water 

firms), as in the creation of the efficient frontier. The sewage companies get a supplement of 

20% of the companies’ DOiPLs and the water companies get 25%. 

Due to all these insecurities, a corrected net-volume-measure is calculated for each company from 

which the efficiency penalty is derived. 

5.4.5.1 Special Conditions 

If a company thinks that it has certain activities due to special conditions, which are not explained in 

the benchmarking model, the company has an opportunity to report these conditions to the Water 

Department. If the special conditions are approved by the Water Department, the net-volume-

measure in DKK of the company will be increased by the reported and documented additional cost. 

5.4.5.2 Robustness Analyses 

Analyses to determine whether the benchmarking model is robust and thus applicable have been 

conducted. This was done by examining whether the composition of the cost drivers or geographical 

location can explain the size of the efficiency potentials.  

The companies’ composition of the cost drivers’ contribution to the NVM has individually been 

regressed against their efficiency potentials. When this regression showed a positive relation (and 

of statistical significance based on the t- or p-values), it was tested whether a company deviates 

positive and significantly from the average in the composition of the given cost driver.   
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If a company deviates significantly on a cost driver found relevant in this context, the extra 

deviation (the deviation of the given company subtracted from the average deviation of all the 

companies) will be multiplied by the B-value found in the regression mentioned earlier. This will 

lead to the percentage the efficiency potential of the given company will be lowered by (see detail in 

appendix 3 of Forsyningssekretariatet 2013b). 

Furthermore, an examination of whether the geographical position can explain the size of the 

efficiency potentials has been made. The analysis shows that the efficiency potentials are randomly 

spread amongst the regions except for the Capital region, where there seems to be a tendency of 

higher efficiency potentials. However, even within this region, many conditions can affect the 

companies’ potentials. Thus, the Water Department encourages the companies to report these 

special conditions, in order to consider the relevance of these conditions. 

5.4.6 The Efficiency Penalty 

The efficiency penalties are made based on the individual corrected efficiency potentials.  

However, in determination of the efficiency penalty, the Water Department assesses that it takes 

time for a company to realize the efficiency potential in a reasonable manner.  

The Water Department thinks that a company should be capable of streamlining 25% of its 

efficiency potential in one year. Furthermore, the maximum efficiency penalty of a company is set to 

be 5%, since this is considered the upper limit for what is possible for the companies to realize in 

one year. However, the Water Department has received feedback from some companies that have 

been able to realize efficiency gains of up to 10% in one year. Thus, the maximum limit of the 

efficiency potential (5%) is an extra precaution. If the efficiency penalty of a company is between 0 

and 1%, the company will not receive an efficiency penalty. 

5.4.7 The Productivity in Other Businesses 

The development in productivity in other businesses is from the Danish Statistics. The productivity 

measure used is the Total Factor Productivity (TFP), which describes the productivity of new 

processes and more efficient ways of doing business. The TFP is a measure of the average 

productivity of all the individual companies in a specific industry. A general efficiency penalty can 

be implemented in the price limit of the water and sewage companies if the productivity in other 

businesses is higher than in the water sector. If the productivity in other businesses is negative, 

there will not be a general efficiency penalty. 
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5.4.8 History 

The year 2012 was the first year that the benchmarking was used in regulation of the Danish water 

sector (Forsyningssekretariatet 2011a). 

The benchmarking model has changed over the years but the process is the same: the frontier 

companies are determined with FADO and the efficiency potentials are found based on DOiPL (both 

act as input in a DEA model with three NVMs as output). Details on how the efficiency penalties have 

been determined have changed. 

In 2012, the approach was (Forsyningssekretariatet 2011b): 

 The efficiency penalty depended on the relationship between FADO and DOiPL. 

If            , then the maximum efficiency penalty was 5%. If that was not 

the case, the maximum efficiency penalty could be 20%. 

Due to the Danish Competition Appeal Tribunal ruling from 2012, the Water Department had to 

perform adjusted rulings for the price limits of 2012 (Konkurrenceankeklagenævnet 2012). Thus, 

the changes from the original 2012 benchmarking and the adjusted 2012 benchmarking are 

(Forsyningssekretariatet 2013c): 

 A general correction of the efficiency potentials were made due to the possible lack of cost 

drivers. Therefore, the net-volume-measures of the companies were increased by 30% of 

the companies DOiPL.  

 A correction of the net-volume-measures was made if the companies deviated considerably 

on significant cost drivers. 

 Companies had the possibility to report the so-called special conditions, if they thought that 

they have costly activities that were not already described in the model.  

 The ruling from the Competition Appeal caused the price limits rulings of 2012 to be delayed 

to such extent that the companies received their price limits of 2012 and 2013 at the same 

time. The benchmarking model of 2013 has been refined and therefore a comparison of the 

companies’ efficiency potentials was made to ensure that they were not set too high in 2012. 

If the efficiency potential of a company was considerably higher than the one in 2013, the 

efficiency potential of 2012 was lowered, since this was seen as an indication that the 

company was not described well enough by the 2012 model. 
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  The “air” was the difference between the operating costs from the price cap in 2011 which 

was based on an average of the operating costs from 2003-2005 adjusted for the price trend 

(DOiPL), and the actual operating costs from 2010 (FADO). If DOiPL > FADO then the 

company has been overcompensated and has therefore been able to charge a price too high, 

and the air has therefore been withdrawn in the adjusted price limits of 2012.  

 The efficiency penalty was calculated based on the corrected efficiency potentials, and could 

only be 25% of the efficiency potentials and maximum 5% if a company received an 

efficiency penalty smaller than 1%, the efficiency penalty was set to 0%. 

The 2013 model has been more refined than the adjusted 2012 model. The differences are: 

 In regard to water companies, the cost driver boosters has been changed to booster stations. 

 For sewage firms, a new cost driver has been implemented: sludge treatment.  

 For sewage companies the 2012 cost driver treatment plant has been split up to two cost 

drivers: mini treatment plants (mini-WWTP) and treatment plants (WWTP). The 2012 cost 

drivers open pools and closed pools are changed to rainwater pools and sewage pools. 

 One more output is added in the DEA; the density adjusted net-volume-measure to 

encounter for the population density in the companies’ area of supply. 

 The general consideration due to the possible lack of cost drivers has changed based on the 

results from the SFA and cost allocation. For water firms this is 25% and for sewage firms 

this is 20%. 

The benchmarking model of 2013 is expected to be used for the benchmarking of 2014 as well. 

In the analyses section, we will examine different aspects of the benchmarking model.  

Therefore we will discuss choices of the Water Department benchmarking model of 2013 in that 

section.  
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6 Analyses 

In benchmarking, a motivation is to learn from the best, yet it is important to benchmark against 

similar firms in regard to scale and scope (Bogetoft 2012). As previously mentioned, the 

benchmarking process of the Water Department might lead to an efficiency penalty, based on the 

efficiency potentials found in the benchmarking process. Therefore, we wanted to investigate the 

Water Department’s choices and the impact these choices have for the companies, as well as see if 

there are other factors that influences the companies’ efficiency potentials.  

The analyses are separated into three main sections: returns to scale analysis (RTS), second-stage 

analyses, and SFA. The RTS analysis looks at how the efficiency potentials are impacted by the scale 

assumptions (CRS and VRS). Within the RTS analysis, there will also be a frontier analysis.  

These two analyses are combined because these are conscience choices that are made by the Water 

Department related to DEA.  

The second-stage analyses go more in-depth on the results based off of the RTS analysis section.  

We investigate if there are other factors that influence the efficiency potentials, such as ownership, 

region, size of companies, and number of products.  

The final section explores another benchmarking method, SFA. SFA is used to gain information 

about the variation in the model and data used by the Water Department. Although it is possible, we 

do not use SFA to get efficiency potentials, but rather to look at noise within the model and data.  

The results are used to get a better understanding of all the choices made by the Water Department.   

6.1 Returns to Scale Analyses 

RTS is used to characterize the technology of a firm (Perloff 2008), and is discussed more in-depth 

in part 5.1.1 Returns to Scale in the Data Envelopment Analysis. In general, the idea behind RTS is to 

consider the relationship between inputs and outputs, and the change at which the amount of inputs 

affects the outputs (Ouellette et al. 2012). The relationship can be CRS, DRS, IRS and DRS (Bogetoft 

2012). Arguments for which scale to use can be linked to empirical or regulatory reasoning. For a 

regulatory environment, often CRS is used since CRS is more demanding and harsher than other 

scales (Thanassoulis 2000b) and it is the scale that in theory can be achieved by adjusting a firm’s 

size (Bogetoft 2012).  
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The RTS analysis is interesting since the Danish Water Department assumes CRS within its 

benchmarking analysis (Forsyningssekretariatet 2013b), and therefore we investigated if there is a 

large impact with using CRS versus VRS.  

We decided to investigate CRS and VRS due to Munksgaard et al. (2005) article, where it was 

discussed that VRS takes into account size of firms, and investigate CRS because the Water 

Department and regulatory environments use CRS. 

In the next subsection the process of the analysis is described followed by results from the analysis. 

The last subsection is a discussion of the results and the different incentives of choosing between 

the scale options. 

6.1.1 Process 

The following firm specific data was used for the analyses: FADO, DOiPL, NVM, AC_NVM and 

DC_NVM. As previously discussed in 5.4.3 The Data Envelopment Analysis, FADO are actual 

operating costs for 2011 that are indexed to 2012, and then DOiPL, which are adjusted costs from 

the base years 2003-2005 that are used as estimated 2013 operating costs. FADO is used to 

determine the frontier companies in the market, whereas DOiPL is used to determine the actual 

efficiency potential of each company. NVM is the net-volume-measure (determined from cost 

equivalences), AC_NVM are the age-corrected net-volume-measure and DC_NVM are the density 

corrected net-volume-measure. 

The analyses consist of two main steps.  

1. Frontier: A DEA in the program R is applied to determine the frontier using FADO as input and 

the three net-volume-measures as output (NVM, AC_NVM, DC_NVM). DEA will produce a set of 

efficiency scores, and the companies deemed efficient (with an efficiency score of 1) are investigated 

to ensure that the companies are representative of remaining firms (i.e., fair to use as a benchmark 

for the rest of the companies). If some firms are considered unrepresentative, then those firms are 

removed from the data and DEA is performed again until the first frontier is representative of the 

other firms. The firms that are representative of the industry and efficient are called the first 

frontier, or first band.    

The approach of the Water Department is to remove the first frontier of firms and proceed to find 

the second band of efficient and representative companies.  
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This precaution by the Water Department is to ensure that misreporting by efficient companies will 

not have a large effect on the analysis. For the purpose of the thesis, we have determined the second 

band to analyze the impact of choosing the second band over the first band. For the remaining 

analyses, we only use the first band, and a discussion of this choice will follow.   

2. Efficiency Potentials: Once the first step of finding the frontier is completed, the second step is 

to determine the efficiency of the firms in respect to the defined frontier companies. The results of 

the second step are the companies’ efficiency potentials which are used to calculate the efficiency 

penalty. Therefore, we find the determination of the efficiency potentials to be of high importance. 

The DEA for the second step (also performed in R) contains the DOiPL and the three net-volume-

measures (NVM, AC_NVM, DC_NVM) of all the companies.  To ensure that the companies are actually 

benchmarked against the frontier companies, the frontier companies are added once more in the 

data sheet used but with their FADO instead of DOiPL. Thus the frontier companies are in the 

analysis twice: once with their DOiPL as the rest of the companies and once with their FADOs.  

The results of second step analysis are how efficient the companies are in comparison to the 

efficient frontier (included with their FADO). Consequently, one minus the DEA results shows how 

inefficient a company is. This will be referred to as the companies’ efficiency potentials (i.e., the 

company could be this much more efficient). If a company has an efficiency score larger than one, 

the efficiency potential is set to zero.  

The efficiency potentials will be our main focus in comparison of scale-options and in regard to 

using the first or second band as the efficient frontier. The Water Department calculates an 

efficiency penalty based on the efficiency potentials, therefore the size of the efficiency potentials 

matters for the companies, and likewise for society/consumers, since the efficiency demand is a part 

of the price limit (Forsyningssekretariatet 2012c).  

As mentioned in section 3.2. Data, the analyses of the water industry consists of 208 companies, and 

the sewage industry consists of 104 companies. In reality 222 water companies were under the 

regulation in 2013, but since 14 of the companies did not report for the benchmarking of 2013 we 

have not included them in analyses to ensure accuracy.  
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It is important to note that throughout the analyses, the results of the water companies will always 

be presented first and the sewage companies’ results second. Also, with tables and figures, the water 

companies are represented in blue and the sewage companies are represented in red, when 

possible.   

Finally, the results are also occasionally presented by mean, standard deviation or in 95% 

confidence interval approach. The average or mean is the arithmetic mean, and the standard 

deviation is the standard deviation for a sample when it pertains to the water industry (not all firms 

reported to the Water Department), and population when it pertains to the sewage industry.  

The 95% confidence interval is calculated in Excel by using the confidence-function with alpha equal 

to 0.05, standard deviation is either sample or population (water or sewage respectfully) and size is 

the number of firms in the category. Therefore, the upper and lower bound of the 95% confidence 

interval are calculated as the mean   value obtained by the confidence function. Lastly, small 

differences may occur due to rounding.  

6.1.2 Frontier Analysis 

The DEA on FADOs and the three NVMs for water companies with VRS as the scale assumption 

resulted in Rebild Vand og Spildevand being a frontier company; however, Rebild Vand og 

Spildevand do not have activities within all the cost drivers, and therefore we did not find it 

representative as a frontier company. Thus, the DEA was run once more without Rebild Vand og 

Spildevand and it was found that the companies that were shown to be frontier were representative.  

The DEA on FADOs and the three NVMs for the sewage companies with CRS as the scale assumption 

resulted in Brøndby Kloakforsyning and Hunseby Renseanlæg as frontier companies and with VRS 

as the scale assumption Lynette Fællesskabet showed up as a frontier company. However, we did 

not find any of the three companies representative, due to a large buy of services from other 

companies or lack of activities within the cost drivers, and therefore they are not included in the 

frontier analysis. 
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The table below represents the frontier water companies when using the scale assumption CRS and 

VRS. 

Table 3: The Frontier Companies for the Water Industry 

CRS VRS 

First Frontier Second Frontier First Frontier Second Frontier 

Hjerting Vandværk Helle Vest Vandværk Helle Vest Vandværk Branderup Vandværk 

Nordenskov Vandværk  Hjerting Vandværk Brande Vandværk 

  Hjørring Vandselskab Bredebro Andelsvandværk 

  Horsens Vand Dianalund Vandværk 

  KE Vand Egedal Vandforsyning 

  Nordenskov Vandværk Frederiksberg Vand 

  Vandcenter Syd Furesø Vandforsyning 

  Østvendsyssel 
Råvandsforsyningsselskab 

Gentofte Vand 

   Gram Vandværk 

   Jammerbugt Forsyning 

   Lemvig Vand og Spildevand 

   Roskilde Vand 

   Sdr. Felding Vandværk 

   Solrød Vandværk 

   TREFOR Vand 

   Vejgaard Vandværk 

   Vestforsyningen Vand 

   Vesthimmerlands Vand 

   Videbæk Vand 

   Århus Vand 

. 
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Furthermore, the following table presents the frontier companies of the sewage industry under the 

two scale assumptions CRS and VRS. 

Table 4: The Frontier Companies for the  Sewage Industry 

CRS VRS 

First Frontier Second Frontier First Frontier Second Frontier 

Guldborgssund Spildevand Billund Spildevand Guldborgssund Spildevand Billund Spildevand 

Struer Spildevandsforsyning  KE Afløb Fanø Vand 

  Læsø Vand Frederikshavn Spildevand 

  Struer Spildevandsforsyning Jammerbugt Forsyningen 

  Vallensbæk Kloakforsyning Langeland Spildevand 

  Århus Vand Thisted Spildevand 

   Vandcenter Syd 

   Vesthimmerlands Vand 

. 

From section 5.1.1 Returns to Scale in the Data Envelopment Analysis, VRS allows that some 

companies work on IRS, some under CRS, and some under DRS, which can also be seen here since 

the frontier companies in the CRS-based DEA also show up as the frontier companies in the VRS-

based DEA.  

As earlier mentioned the Water Department uses CRS and the second frontier for their analyses.   

In the benchmarking included in the price limits of 2013, the frontier companies for the water and 

sewage companies are:  

Table 5: Frontier Companies for  the Water Sector According to the Danish Competition Authority 

The Water Industry The Sewage Industry 

First Frontier Second Frontier First Frontier Second Frontier 

Jammerbugt Forsyningen Horsens Vand Guldborgsund Spildevand Billund Spildevand 

Egedal Vandforsyning Videbæk Vand  Struer Spildevandsforsyning 
. 

It should be noted that the Water Department decided that the private companies could not 

constitute the frontier, which is only relevant in water, since all the sewage companies have 

municipal ownership (Naturstyrelsen 2011a).  
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Comparing the Water Department’s frontier companies to the frontier companies in our analyses, 

the Water Department’s frontier companies of the water industry show up as first frontier 

companies in our VRS analysis (second band). The firms we found as frontier companies for the 

water industry were private, which could be an indication that private firms should not be used as 

frontier companies due to their lower cost characteristics, which has led to us to investigate the 

private versus municipal relationship (see 6.2.1 Private versus Municipal Frontier in the Water 

Industry). 

Another factor that was discovered between CRS and VRS is that there are significantly more 

frontier companies when using VRS. This is not unexpected when looking at the graphical 

representation of the frontier below.  

Figure 4: Frontiers from R under the Scale Assumptions CRS and VRS for the Water and Sewage Companies. 

CRS Frontier for Water Companies 

 

VRS Frontier for Water Companies 

 

CRS Frontier for Sewage Companies 

 

VRS Frontier for Sewage Companies 

 

Remark: All the graphs are the first frontiers, and for the water companies private are allowed on the frontier. 
The axes' values have been deleted. The x-axis is input (FADO) and the y-axis is output (the sum of NVM, AC_NVM 
and DC_NVM). To see the values on the axes, see Appendices 12.1. Frontier Graphs. 
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It can be seen in the CRS graphs that the frontiers are straight lines, whereas the VRS frontiers have 

kinks. In the frontier graphs of the water companies a cluster is seen close to the origin (southwest 

corner).  Furthermore, it is noted that the water companies’ distance to the frontier is greater under 

CRS than VRS. A graphical representation of the increase in frontier companies for VRS compared to 

CRS can be seen. 

For the sewage companies the cluster is not as extreme as for the water companies. Nonetheless, the 

distance to the frontier is also greater under CRS than VRS, especially for the companies situated to 

the east, which benefit from a shift of CRS to VRS, since they would seem the most inefficient under 

the CRS-assumption (furthest away from the frontier). Likewise, more companies constitute the 

frontier under VRS compared to CRS. 

These graphs visually enhance the statement that CRS is considered harsher than VRS.  

6.1.3 Efficiency Potential Analyses 

For water and sewage companies, the efficiency potentials are found as described in the process 

(the second step in the process). Below are graphical representations of the results. The graphs are 

separated into CRS versus VRS, and using the first frontier (F1) or second frontier (F2). It is also 

important to note that the frontiers contain private firms, which is relevant for water only. 
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Below are the results for water firms: 

Figure 5: Distribution of Efficiency Potentials for the Water Firms 

  

  
 

For the water firms, the efficiency potentials, when using CRS first band, show a cluster between 40-

80%. A shift in the efficiency potentials towards the middle is apparent when changing from CRS 

(F1) to CRS (F2). It can also be seen that percentage of firms above the 65% efficiency potential has 

decreased.  
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When using VRS (F1) there is also a large percentage of firms that have an efficiency potential 

between 35-70% and a larger percentage of firms have lower efficiency potentials (between 0-40%) 

compared to the CRS (F1) approach.   

When using VRS (F2) the efficiency potentials have shifted further to the west. However, the VRS 

assumption shows more even distribution and lower efficiency potentials in general, as well as a 

lower percentage of firms present in each category compared to the CRS approach. This could be 

linked to the number of companies constituting the frontier, and that increases the likelihood of a 

company having a smaller relative distance from the frontier (See Table 3). 

  



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 68 – 
  

The same analysis has been done for the sewage companies.  

Figure 6: Distribution of Efficiency Potentials for the Sewage Firms 

  

  
 

For the sewage firms, we do not see as clear of a pattern as with water in regard to using CRS (F1) or 

CRS (F2) as the distribution of efficiency potentials seem somewhat similar. There is a cluster of 

companies with an efficiency potential between 20-50% in both cases (F1 and F2). 
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When going from CRS (F1) to VRS (F1), there is a very small shift in the companies’ efficiency 

potentials. There are more companies that have a lower efficiency potential and the cluster is now 

between 20-45%, which is not very different from CRS (F1).  

Once more, a bigger shift occurs when using VRS (F2) compared to CRS (F2). The largest proportion 

of companies lies within the intervals of 0-5%, whereas the majority of sewage firms would have 

efficiency potential between 41-45% in the VRS (F1) approach; as with the water companies, the 

second frontier under VRS consists of more frontier companies than the first frontier. 

Hence, a summary of results is presented to give a concise view. Below are two graphs, water (blue) 

and sewage (red), that represent the 95% confidence intervals of the efficiency potentials under the 

CRS and VRS assumption using the first and second band. 

Figure 7: Efficiency Potentials of Water and Sewage Companies under Different Scale and Frontier Assumptions 

  

Remarks: The graph to the left is for water companies and the graph to the right is for sewage companies. 
Note that the second axes have different ranges. 

This means that with 95% confidence the average efficiency potential of a water company using the 

first band as the efficient frontier under the CRS assumption is 56% and that the efficiency potential 

lies between 54-58%. 

For water firms, there is a large shift (approximately 13%-points) from VRS (F1) to VRS (F2). There 

is also a 10%-point decrease in average efficiency potentials when comparing CRS (F1) and VRS 

(F1).  
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This can be interpreted that the size of the companies in water differs substantially, and as the 

theory says, this has an impact depending on which RTS is used (see section 5.1.1 Returns to Scale 

in Data Envelopment Analysis). Additionally, the difference in using the first or second band under 

CRS affects the average efficiency potentials by 9%-points. 

In regard to the sewage companies, the results do not have as great of difference. The average 

potential of CRS (F1) and CRS (F2) differ by 3%-points, and there is little difference between using 

CRS (F1) and VRS (F1). Thus, the size of the sewage companies must be more similar than with the 

water companies. There is a bigger shift going from VRS (F1) to VRS (F2) but more companies are 

also present on the second frontier, VRS (F2).  

Clearly, the average efficiency potentials are in general higher with the water companies compared 

to the sewage companies. Comparing the average efficiency potentials for water to sewage 

companies there is a large difference especially when using CRS (approximately 20%-points). This 

could indicate several things: the water companies are more inefficient in general, the variation in 

company size affects the results or the model is not as accurate as the model for sewage companies 

(the model for sewage companies does contain more cost drivers).  However, it is important to 

remember that the size of the efficiency potentials of the water companies might also be affected by 

the fact that private companies are allowed on the efficient frontier. 

The differences can also be seen when looking at the total market savings. The total savings in 

Danish kroner (DKK) can be calculated by multiplying the efficiency potential by the DOiPL.  

When we sum up each individual savings, the total for the Danish market can be found.  

Table 6: Potential Market Savings within the Water and Sewage Companies 

In DKK CRS (F1) CRS (F2) VRS (F1) VRS (F2) 

Water 867,989,164  749,517,123 486,194,862  354,408,769 

Sewage 1,163,955,051 1,050,422,360 1,065,631,102 819,536,276 

Total 2,031,944,215 1,799,939,483 1,551,825,964 1,173,945,045 

Remark: CRS is Constant Returns to Scale, VRS is Variable Returns to Scale, F1 is first frontier, F2 is second 
frontier. 
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From this table, it is clear to see that the largest shift in market savings lie within the shift from CRS 

to VRS. By using CRS (F1) for water over VRS (F1), the potential savings are 381,794,302 DKK 

increase. Sewage does not have a big difference; by using CRS (F1) over VRS (F1), the more potential 

savings is 98,323,949 DKK.  

This table also displays the impact between using first and second band. The Water Department 

uses CRS (F2) over CRS (F1), and that choice has a total (water and sewage) impact of 232,004,732 

DKK potential market savings.   

There is a difference between using first or second band, but the reason behind the usage for the 

second band is subjective. We will base the remaining analyses on the use of the first frontier only, 

as this offers the most savings and the first frontier was found to be representative of the market, 

thus, we found it unnecessary to use the second frontier. 

In regard to using CRS to VRS, sewage companies do not show a wide variety of results between the 

two models. This cannot be said for the water firms. The efficiency potentials differ depending on 

the assumption chosen. As mentioned, CRS is often used in regulatory environments since it is 

harsher, and is more representative of a competitive market (Munksgaard et al. 2005); therefore, 

we believe that arguments can be made for using VRS within water, but since regulation is to 

protect the consumers, using CRS is an acceptable assumption to us. This will be discussed later on 

when a better understanding of the whole picture is obtained. 

6.2 Second-Stage Analyses 

To consider whether there might be certain conditions, besides the scale assumption and choice of 

frontier companies, which influence the companies’ efficiency potentials, second-stage analyses are 

performed. The main motivation behind this is to see if there are factors that the current 

benchmarking model does not consider; patterns in the efficiency potentials could be due to 

undiscovered conditions that the companies face. Furthermore, different groupings may not only 

contribute to firms being benchmarked against similar firms, but also could contribute to a better 

understanding or drivers of efficiency or inefficiency (Bogetoft 2012). The Water Department does 

take some considerations based on second-stage analyses and knowledge of the market (e.g., the 

private water companies cannot constitute the frontier in the DEA of the water companies and the 

NVMs are corrected in terms of pipe age and density).  
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In this section we examine associations between the companies’ efficiency potentials and different 

factors that we think might have an influence on the results and also discuss the Water 

Department’s approaches. We will state our point of view of the corrections made by the Water 

Department and add ideas for new corrections where we find it suitable.  

The majority of these second-stage analyses will be based on the efficiency potentials found in the 

previous returns to scale analysis under the scale assumption CRS. All analyses are made based on 

using the first band as the efficient frontier regardless of scale assumption.  These choices have been 

made, since we find this suitable for regulation. However, for some of the analyses, it was found 

necessary to perform new DEA with other assumptions. The background of the efficiency potentials 

will be specified under each analysis section, and can also be seen in the table on the following page. 
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Table 7: Overview of Second-Stage Analyses and the Settings Hereof 

The setting Returns to Scale 
Assumption 

Other Comments 
Second-Stage Analysis 

Private versus Municipal Frontier 
in Water Companies 

CRS  

This analysis only concerns the 
water companies. One analysis 
with private frontier companies, 
one with municipal and finally 
one where private and municipal 
are separated in DEA. 

Company Size CRS and VRS 

The analysis includes efficiency 
potentials from DEA performed 
by using the first band as the 
efficient frontier, allowing private 
companies on the frontier. 

Scale Efficiency CRS, DRS and VRS 

The first band is used as the 
efficient frontier. For the water 
companies an analysis with the 
private companies allowed as 
frontier companies has been 
performed as well as an analysis 
only containing municipal 
companies on the frontier, to see 
the difference.  

Regions CRS 

The analysis includes efficiency 
potentials from DEA performed 
by using the first band as the 
efficient frontier and allowing 
private companies on the frontier 
for water. However, a similar 
DEA has been performed without 
the DC_NVM. 

Economies of Scope CRS 

The analysis includes efficiency 
potentials from DEA performed 
by using the first band as the 
efficient frontier only containing 
municipal companies for water, 
to compare with sewage. 

. 
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Based on the benchmarking decisions the Water Department made (besides the already discussed 

returns to scale assumption and choice of using the first or second band as frontier), the first 

analysis is to discover the difference in efficiency potentials regarding the use of private versus 

municipal water companies constituting the efficient frontier for the water companies.  

As previously mentioned the water companies in the Danish water sector vary a lot in size. 

Therefore, one of our second analyses is based on grouping the companies in chosen size categories 

based on FADO.  

Due to various results depending on scale assumption and the size analysis, we found it applicable 

to examine the scale efficiency of the companies and to clarify whether the companies that do not 

operate at their most productive scale size, are considered too small or too large.  

In some of the cost equivalents of the model, infrastructural considerations have been made (the 

zone division). Furthermore, the Water Department gives an overall density correction per 

kilometer pipe. As a result of the variety in the efficiency potentials (see Figure 5 and 6), we found it 

interesting to see if there is a tendency of high efficiency potentials in some of the regions, even after 

the use of different corrections previously mentioned.  

Finally, some of the companies operate both a water company and a sewage company. According to 

the law (Miljøministeriet 2009) these companies only have to pay one common fee to the Water 

Department. Besides that relatively modest saving, we found it interesting to discover if those 

companies experience economies of scope.  

The details of each analysis will be specified in their individual section. 

6.2.1 Private versus Municipal Frontier in the Water Industry 

It has been discussed whether it is fair to compare the larger municipal water companies to the 

smaller private water companies (Forsyningssekretariatet 2013b). The private firms tend to be 

smaller, have volunteer employees, and a lower level of customer service (Forsyningssekretariatet 

2013b). Municipals tend to be the opposite; they are larger, have paid workers and a higher level of 

customer service (Forsyningssekretariatet 2013b). Therefore, it is interesting to see if one category 

generally does better than the other (i.e., is a private firm that operates with volunteers, who may 

not be as skilled or water knowledgeable as the paid employee,  more efficient)?  
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Please note that this analysis is only regarding water companies since all the sewage companies 

have a municipal ownership.  

A great difference in the efficiency potentials was shown when we looked in the details from the 

previous analysis regarding RTS and frontiers. Using those results, we wanted to investigate the 

impact the difference in ownership has on the efficiency potentials. To clarify the difference in the 

efficiency potential of each company, the efficiency potential has been multiplied by its DOiPL to 

achieve the efficiency potential in DKK. Then the amounts in DKK have been summed for the 

municipal companies, as well as for the private companies. The results listed below are based on 

allowing the private companies on the efficient frontier to grasp the full market. 

Table 8: Potential Market Savings within the Water Companies 

In DKK CRS VRS 

Municipal 731,103,430  365,210,804  

Private 136,885,685  120,984,058  

Total 867,989,115  486,194,862  

Remark: CRS is Constant Returns to Scale, VRS is Variable Returns to Scale 

As seen and previously mentioned, there is a great difference in the scale model used. However, we 

can also see that the majority of potential market savings lie within the municipal firms regardless 

of the scale assumption. We have noted that in general, the DOiPLs for municipal firms are higher 

than of private (e.g., the DOiPL mean for municipal is 14,454,118 DKK and 2,006,668 DKK for 

private, but a pattern of higher efficiency potentials for municipals was also found). For example, the 

mean of the efficiency potentials (under the scale assumption CRS (F1) constituted of private water 

companies) was 60.44% for the municipal companies and 52.59% for the private companies. We 

recognize that the results might not be as extreme if only municipal companies constituted the 

efficient frontier. However, these results lead us to investigate the ownership relationship influence 

on the efficiency potentials further. 

The way that the Water Department takes the ownership relation into consideration, is by excluding 

the private companies from constituting the frontier. However, we thought that separate analyses of 

the two groups might be applicable instead.  
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Thus, the first analysis was a DEA allowing private companies to constitute the efficient frontier (as 

previously done in the returns to scale analysis) and we used this in determination of the efficiency 

potentials.  

The second analysis was a DEA only allowing municipal companies to constitute the efficient 

frontier (the Water Department’s approach), and we used this in determination of the efficiency 

potentials. Lastly, two completely separate DEAs have been performed; one solely containing the 

private water companies and one only containing the municipal water companies; in this way the 

municipal companies are only benchmarked against other municipal companies, and likewise for 

the private companies. For all the analyses the scale assumption CRS and the first band in regard to 

the efficient frontier are used. The results are presented in the graphs below.  

Figure 8: Distribution of Water Companies' Efficiency Potentials Depending on the Chosen Frontier Companies 

 

Remark: Together M/ P are results with the frontier consisting of only municipal/private companies, but 
efficiency potentials were found for all companies. Separate shows the efficiency potentials of the private 
companies as well as the municipal companies, found by the separate analyses earlier mentioned. 

This shows that all three approaches result in different efficiency potentials. In general, the firms 

seem more inefficient when having private companies as their frontier (the blue part of figure 8). 

When the municipal companies constitute the frontier, the companies appear to be more efficient 

(the purple part of figure 8).   
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When two separate DEAs have been completed (the green part of figure 8), the efficiency potentials 

still seems to be somewhere in the middle of the two other approaches, although closest to the 

results of having the private companies constituting the efficient frontier. Thus, the Water 

Department’s approach puts the companies in a best light out of these three options.  

This means that some of the private companies that showed up as inefficient in the separate 

analysis (or having the private companies allowed on the frontier) now show up as efficient or at 

least less inefficient.   

The fact that the efficiency potentials are higher when allowing private firms to constitute the 

frontier is also seen when looking at total market potential savings, as displayed in the table below.  

Table 9: Potential Market Savings of the Water Companies Depending on the Chosen Frontier Companies 

In DKK TogetherM Separate TogetherP 

Municipal 502,563,718 502,563,718 731,103,472 

Private 88,685,831 136,885,692 136,885,692 

Total  591,249,550 639,449,410 867,989,164 

. 

This analysis revealed that the importance regarding municipal versus private lies within the 

frontier.  When the municipal firms constitute the frontier, the market savings is lowest compared 

with having separate analyses or private firms constituting the frontier.  This means that the Water 

Department’s choice of municipal-frontier is the mildest for the companies and worst for the 

consumers. With the scale assumption CRS and the use of the first frontier there might be some 

truth to the fact that an equal comparison (private versus municipal) of the companies may not be 

fair. Going forward, our analyses allow private firms on the frontier in order to capture the full 

market.  

6.2.2 Company Size 

As previously mentioned there are over 300 water and sewage companies in the Danish market. 

When compared to England and Wales, which only have 34 companies (Ofwat 2013b), there is a 

larger potential to have a wide range of firm sizes.  Since benchmarking against similar firms is 

important (Bogetoft 2012) we deemed it necessary to investigate the size of the firms and their 

relation to efficiency potentials. Company size can be categorized in many ways such as number of 
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customer, amount of treated water, costs, etc., and depending on the chosen category, results might 

differ. We grouped companies by the size of its FADO, as this has been checked by an auditor and 

therefore we deemed this to be the most credible measure. 

As mentioned, the process was to separate the firms by size with respect to their FADOs.  

The categories are:  very small, small, medium, large, and very large, and vary in range for the water 

companies and sewage companies due to their difference in sizes. The interval ranges has been 

made intuitively. At first we considered separating the intervals by the size of the standard 

deviation. However, due to the large differences in FADO, especially in regard to the water 

companies, the intervals were created as we found it reasonable. The efficiency potentials compared 

are from the DEA allowing private companies on the efficient frontier, using first band and under 

the scale assumption CRS and VRS for comparison. Both scale assumptions are used in this analysis, 

since one property of VRS is that it takes size in to consideration. 

Below are shown tables containing the different size intervals, the standard deviation of the 

companies’ FADOs as well as the number of companies in the different categories. The first table 

containing size information of the water companies furthermore specifies the information of the 

private companies, the municipal companies and the water companies combined. 

Table 10: Size Intervals, Standard Deviation of FADO and Number of Water Companies in the Size Categories 

Categories 

Intervals of FADO Std. of FADO 
Number of 
Companies 

 P M Both P M Both 

Very Small               990,389 1,602,545 1,181,651 113 24 137 

Small                        952,739 1,139,434 1,252,657 8 26 34 

Medium                         - 2,791,744 2,791,744 1 26 27 

Large                         - 11,147,477 11,147,477 0 8 8 

Very Large                  - 73,059,542 73,059,542 0 2 2 

Total                      1,947,249 22,675,116 15,687,187 122 86 208 

Remark: The Total row for intervals indicates the maximum and minimum FADO of the companies in the 
analysis. 

The majority of the water companies are considered very small, thus this could be an indication that 

the interval should have been made differently.  
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However, since there exist 222 water companies in the regulated industry (only 208 are used in our 

analyses due to lack of reporting from the remaining 14 companies), it is not surprising that the 

majority of companies are very small. Therefore, we find the division of intervals appropriate.  

Besides that, the total row of the category Intervals of FADO show just how wide the range is in 

FADO with the water companies. Furthermore, it should be noted that there are only private 

companies in the first three categories whereas municipal companies are present in all the 

categories, although with a larger proportion of companies in the first three size intervals.  

This is also clear when looking at the total standard deviation of the private companies versus the 

municipal companies. Since the municipal companies vary more in sizes, their total standard 

deviation of FADOs is consequently much higher than the one of the private companies. 

In addition, we originally wanted to make common intervals for both the water companies and the 

sewage companies, but then the differences in FADO between the water companies and the sewage 

companies were too big. Thus, the common intervals would lead to more intervals, but also intervals 

that would not include both sewage and water companies. Therefore, we deemed it relevant to use 

the different ranges in intervals. 

The table below reveals the size information of the sewage companies. 

Table 11: Size Intervals, Standard Deviation of FADO and Number of Sewage Companies in the Size Categories 

Categories Intervals of FADO Std. of FADO 
Number of 
Companies 

Very Small                2,779,132 13 

Small                         2,811,886 25 

Medium                         5,017,703 40 

Large                         8,610,601 21 

Very Large                  20,392,163 5 

Total                         24,493,151 104 

Remark: The Total row for intervals indicates the maximum and minimum FADO of the companies in the 
analysis. 
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The sewage companies also embrace a wide range in terms of FADO (see the Total row under the 

Intervals of FADO category in table above), which results in a fairly large standard deviation of the 

FADOs. However, the number of firms in each size category is more evenly distributed compared to 

the water companies. We believe that the even distribution is due to the similarities in ownership 

for sewage, but also due to the fact that there are around half as many sewage companies than water 

companies in the regulated industry.  

Below are the 95% confidence interval graphs of the water companies when grouped based on size. 

Figure 9: Efficiency Potentials of the Water Companies under Different Scale Assumptions 

  

Remark: Please note the Y-axis in the two graphs does not have the same range. 

Under the assumption of CRS, the very small firms, on average, have the lowest efficiency potential 

of 54%. The most inefficient are the small companies with an average efficiency potential of 63%, 

but in general the results are fairly consistent based on size. The very large firms have a wider range 

in the efficiency potentials than the other categories, but is should be noted that there were fewer 

firms and thus the results are not as robust as the others.  

With VRS we see a fairly broad range (note the range of the y-axis) of efficiency potentials. The very 

small and small firms have a lower efficiency potential when using VRS instead of CRS. It can be seen 

that small firms have the highest average efficiency potential under CRS, yet the very small firms 

have the highest average efficiency potential under VRS.  
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When looking at the medium, large and very large firms, their efficiency potentials have decreased 

greatly; the potentials have decreased between 24–46%-points from using CRS to VRS, which we 

consider extremely significant. Thus, it can be concluded the VRS clearly benefits the larger firms to 

a higher degree than the smaller firms.  

This is consistent with theory that VRS takes size into consideration. However, this could both be in 

terms of the small and the large companies, but here the larger firms will be impacted most 

positively by using VRS.  

This is logical since the smaller firms tend to lie southwest on the DEA-plot under CRS assumption, 

and the larger firms are placed southeast on the plot and, therefore, have a larger distance to the 

frontier (see Figure 4).  

However, it should be noted that different results may be achieved if the private companies are not 

allowed on the efficient frontier, since this had an impact on the efficiency potentials (see section 

6.2.1 Private versus Municipal Frontier in the Water Industry). Still, we assume that by not allowing 

the private companies to constitute the efficient frontier, this will mainly reduce the efficiency 

potentials of the medium to very large companies, since the private companies are only represented 

in the very small and small categories. Since municipal companies are also present in the very small 

and small category, the efficiency potential of these two categories might be lowered as well. On the 

other hand, the private companies would most likely get higher efficiency potentials if they are not 

benchmarked against the municipal companies (see results from Table 9). Thus, we would expect a 

somewhat similar pattern in the 95% confidence interval graphs, even if the efficient frontier was 

constituted by only municipal firms. 

  



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 82 – 
  

The next figure shows the 95% confidence intervals of the sewage companies when grouped based 

on size. 

Figure 10: Efficiency Potentials of the Sewage Companies under Different Scale Assumptions 

  
 

Under the assumption of CRS, the very large firms, on average, have the lowest efficiency potential 

of 29%. However, the range in the efficiency potentials for the very large companies is quite wide 

and the category only contains approximately 5% (5 out of 104) of all the sewage companies. For 

the very small firms the broadest range of efficiency potentials is seen even though around 12% of 

the companies are presented here.  Overall, the efficiency potentials are fairly consistent based on 

size.  

With VRS all average efficiency potentials are slightly lower except for very large firms where the 

decrease is 10%-points. Furthermore, the average efficiency potential of the medium companies is 

the same, although the range of the medium companies has been narrowed. Additionally, the very 

large firms are affected the most with the change in scale assumptions, although not to the same 

extent as the case of the water companies.  

In summary, it does not seem that the company size influences the efficiency potentials as much for 

sewage, as it does for water companies. 

47 

41 40 38 39 
35 34 35 

33 
29 

23 
27 

31 
28 

20 

10 

20 

30 

40 

50 

V
er

y
 s

m
al

l 

Sm
al

l 

M
ed

iu
m

 

L
ar

ge
 

V
er

y
 l

ar
ge

 

E
ff

ic
ie

n
cy

 P
o

te
n

ti
a

l 
in

 P
e

rc
e

n
ta

g
e

 

Company Size 
CRS 

Upper Bound Mean Lower Bound 

44 
39 39 37 

25 

32 32 
35 

32 

19 21 
24 

31 
27 

14 
10 

20 

30 

40 

50 

V
er

y
 s

m
al

l 

Sm
al

l 

M
ed

iu
m

 

L
ar

ge
 

V
er

y
 l

ar
ge

 

E
ff

ic
ie

n
cy

 P
o

te
n

ti
a

l 
in

 P
e

rc
e

n
ta

g
e

 

Company Size 
VRS 

Upper Bound Mean Lower Bound 



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 83 – 
  

6.2.3 Scale Efficiency 

In light of the previous size analysis, we wanted to examine the water and sewage industries to 

determine how many are considered to be operating at their most productive scale size. The theory 

dictates that if firms are operating at CRS, then they are operating at an optimal size.  Finding how 

many firms are operating at their optimal size will be able to shed light on the industry, which we 

find highly relevant, since industry characteristics can influence the individual firm.  

The procedure is performing DEA under the following assumptions: CRS, VRS and DRS using the 

first band as the efficient frontier to determine the firms’ scale efficiency by dividing the input 

efficiency score obtained from the DEA under CRS by the input efficiency score obtained from the 

DEA under VRS as mentioned in the description of RTS.   

The following figure of the scale efficiency in the water industry contains two graphs; the first graph 

is where private firms are allowed to be on the frontier, and the second graph is when only 

municipal firms constituted the efficient frontier. 

Figure 11: Distribution of Scale Efficiencies for the Water Firms 

  

Remark: The blue graph is when private companies are allowed to constitute the frontier, and the purple graph is 
when the frontier can only consist of municipal companies. Rebild Vand og Spildevand was held out of these 
figures since the SE was so low (3.5%). 

SE stands for scale efficiencies. 
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When looking at the water industry with private companies allowed as a frontier, over 32% out of 

the 37% of the firms considered close to optimal (SE = 96-100%) size are private. When only 

municipal firms are allowed on the frontier, over 43% out of 55% of the close to optimal sized firms 

are private. The majority of companies not operating at their most optimal size are the municipal 

firms regardless of the composition of the efficient frontier. 

With the private firms allowed to be on the efficient frontier, 5 out of 208 firms were considered 

operating at their optimal size (SE=1). With the municipal as the efficient frontier, 2 out of 208 firms 

were considered to be operating at its optimal size. For water companies with a private allowable 

frontier, the majority of the remaining firms, not operating at their optimal size, were considered 

too big. This is related to the pattern that the majority of firms, that are not optimal in size, are 

municipal firms, since municipal firms, in general, are larger (see table 10).  

Surprisingly, the majority of the water firms close to optimal level are considered too large 

regardless which one of the two frontiers is chosen. When comparing Denmark to Britain, Denmark 

has around ten times more firms, therefore we thought more companies would show up as being 

considered too small. However, one should remember the comparison foundation (the model used, 

cost drivers, underlying conditions and other industry characteristics) most likely differs a lot from 

Denmark to Britain.  

Below are shown the scale efficiency of the sewage companies. 

Figure 12: Distribution of Scale Efficiencies for the Sewage Firms 

 
Remark: SE stands for scale efficiencies. 

 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

7
1

-7
5

 

7
6

-8
0

 

8
1

-8
5

 

8
6

-9
0

 

9
1

-9
5

 

9
6

-1
0

0
 

P
e

rc
e

n
ta

g
e

 o
f 

C
o

m
p

a
n

ie
s 

Intervals of SE in Percentage 



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 85 – 
  

For the sewage industry, more than 80% of the firms are considered to be close to optimal size. 

Here, 7 out of 104 sewage companies are considered to be operating at the optimal size. A majority 

of the firms that do not have the optimal level are considered too small, which is the opposite of the 

water companies’ results, but there are also half as many firms. 

In general, we consider the majority of the companies to be close to optimal size (the companies 

with the scale efficiency between 96-100%). See appendices 12.3. Frontier Companies, regarding 

the frontier companies used. 

It is known that the use of the scale assumption CRS in regulatory benchmarking encourages the 

merging of firms which are considered too small (Bogetoft 2012). Since CRS is an assumption of the 

Danish benchmarking model, we thought it would be interesting to look at firms that we know are 

currently merging together and to look at what classification they received from the scale efficiency 

calculations (KL 2012).  The firms are Egedal Spildevand, Furesø Spildevand and Egedal 

Vandforsyning. When looking at just the sewage aspect of this merger, both Egedal Spildevand and 

Furesø Spildevand are both considered too small in the analysis, which would indicate that a merger 

would be optimal. The Egedal Vandforsyning is considered optimal when municipal companies 

constitute the frontier, and is considered too big when private companies are allowed on the 

frontier. However, the management of the companies believes that the merger will bring savings of 

1.5 million DKK a year (KL 2012).  

The example above demonstrates that this analysis is susceptible to model restrictions (e.g., private 

or municipal companies on the frontier). The results are also based on the NVM calculations, based 

on the cost equivalents, based on the underlying conditions and choice of cost drivers. Thus, 

adjustments of the benchmarking model would affect these results. Furthermore, as mentioned in 

the theory behind scale efficiency, market characteristics play a large role; the results can be 

affected by the lack of competition and the forced regions of supply as well. 
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6.2.4 Regions 

The Water Department adjusts the companies’ NVM to account for density (DC_NVM).  

Different costs might be due to infrastructure (fixing a broken pipe in the city might be more costly 

than in the country), environmental issues, or administrative reasons (pay can differ within region). 

Therefore, a closer look at efficiency potentials depending on the firm’s region was of interest.  

An important side note is that arguments can be made that some of the cost drivers account for 

regional differences: clean water pipes and plugs for water, and pipes in sewage account for regions 

(Forsyningssekretariatet 2013b). Not only did we look at the regions, but also the density correction 

that is calculated by the Water Department.  

The process for regions was to look at the efficiency potentials with DC_NVM omitted as an output; 

hence DEA is performed with only two outputs (NVM and AC_NVM). The results were then 

compared with the results from the CRS using the first band as the efficient frontier (and for the 

water industry private companies are allowed on the frontier) to determine any patterns. For both 

analyses the first band was used as the efficient frontier. 

First, we wanted to see where most of the firms were situated to determine if there was an even 

regional distribution. For example, if most firms were in the Capital region, then maybe that might 

have affected the results.  

Below is a table with a breakdown of the companies by region.  

Table 12: Distribution of the Number of Water and Sewage Companies in the Five Danish Regions 

Region 
Number of Water 

Companies 
Number of Sewage 

Companies 

North Jutland 35 11 

Mid-Jutland 47 19 

South Denmark 47 21 

Zealand 34 21 

Capital 45 32 

Total 208 104 

. 
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We can see that water firms are fairly evenly distributed. The water industry has more private, 

smaller firms and therefore it is not abnormal that they are more evenly distributed throughout 

Denmark. In sewage, a majority of the firms are in the Capital region. Since a majority of inhabitants 

live in the Capital region and there are more municipalities there (Regioner 2010), it is not 

surprising that there are more sewage firms in the Capital region since ownership of the sewage 

industry is held by the municipalities. 

We deemed it irrelevant to present both CRS and VRS for regions since there was no indication in 

theory to suggest that it would show any significant information. This was confirmed, as we had 

performed both calculations but the data did not present significantly different results from the CRS, 

and hence VRS is omitted from this analysis. 

Below are the 95% confidence intervals for water; first presented without a density correction 

(DC_NVM) in the analysis, and secondly presented with a density correction (DC_NVM) in the 

analysis.  

Figure 13: Efficiency Potentials of the Water Companies in the Five Danish Regions 

  

Remark: The region names have been shortened: NJ = North Jutland, MJ = Mid-Jutland, SD = South Denmark, Z = 
Zealand and C = Capital. 

From the presented results, it can be seen that the efficiency potentials are higher in the Capital 

region in general.  
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The largest difference in average efficiency potentials was 14-15%-points from North Jutland to the 

Capital region. When the density correction was included in DEA the efficiency potentials decreased 

by 4–5%-points, for all regions, and that waved a red flag for us since we would have assumed that 

the density correction would have mostly impacted the Capital region. Hence, the density correction 

may not fulfill its objective or the Capital region firms are the least efficient. 

We investigated further the density correction by looking at firms that showed a relatively higher 

density correction than a company known to operate in the Capital region (appendix 10 and 11 in 

Forsyningssekretariatet 2013b). We discovered that Hasselager-Kolt Vandværk (Mid-Jutland 

region) which has no clean water pipes or plugs in the city or inner-city zone receives a higher 

density correction than Frederiksberg Vand (Capital region) that has a majority of clean water pipes 

and plugs in the city and inner-city zones.   

As mentioned earlier, the cost equivalents have the highest coefficients for the city and inner-city 

zones, so it would be most expensive to operate in those zones.  Thus we would assume that the 

firms with activity in city and inner-city zone should be compensated the most with the density 

correction. However, Frederiksberg Vand will be compensated by their placement from the cost 

equivalent (due to the zone division) for clean water pipes more than Hasselager-Kolt Vandværk. 

The 95% confidence intervals of the sewage companies are represented below. 

Figure 14: Efficiency Potentials of the Sewage Companies in the Five Danish Regions 

  
Remark: The region names have been shortened: NJ = North Jutland, MJ = Mid-Jutland, SD = South Denmark, Z 
= Zealand and C = Capital. 
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When comparing the efficiency potentials between not including the density correction, and 

including the density correction, the average efficiency potentials drop at most 4%-points. The 

maximum difference in efficiency potentials of 17%-points is between North Jutland to the Capital 

region with no density correction. Almost the same difference is seen in the efficiency potentials 

when including the density correction. This means that the Capital region is considered the most 

inefficient regardless of correcting for density. As with the water companies analysis, this could 

indicate that the density correction is not actually serving its purpose. 

It is noticed that regardless of sewage or water, the inefficiencies are highest in the Capital region. 

This leads us to believe that maybe costs in general are higher in this region, the model does not 

compensate sufficiently (underlining conditions may not be specified enough) or the Capital region 

firms are just inefficient compared to other regions. 

6.2.5 Economies of Scope 

The efficient frontiers are found and efficiency potentials are calculated regardless of whether the 

company only has production with water or sewage or both. When a company produces more than 

one good, economies of scope are a possibility (see 5.3 Economies of Scope). Since the majority of 

the Danish water and sewage has most production steps within the firm, we only consider the 

companies doing both water and sewage as multi-product firms. In Denmark, there are 222 water 

companies (208 in our analysis due to the lack of reporting from the remaining 14), and 22 of those 

also operate within sewage. There are 104 sewage companies and 22 of those produce water as 

well. As previously mentioned, regardless of whether the firm is multi-product or single product, the 

firm needs to pay the same fee to the Water Department, which is already overhead-savings for the 

multi-product firm. Therefore, we thought it would be interesting to see if there was a pattern of 

efficiency potentials for firms that only had one product compared to firms with multi-products. 

Thus, we assume that if economies of scope exist then the efficiency potentials would be lower, 

since costs would be shared between the two products (water and sewage).  

As with the region analysis, we do not see a significant reason to investigate the difference between 

CRS and VRS in this analysis. However, in order to draw parallels between sewage and water we 

have used efficiency potentials when the frontier consisted of only municipal companies in water 

using first band (the figure obtained when private water companies were allowed on the frontier 

can be seen in appendices 12.2. Economies of Scope, showing different results if interested).  
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We looked at the potentials for the single product firms versus multi-product firms for both sewage 

and water.  

Below are the results of the multi-product water companies: 

Figure 15: Efficiency Potentials of the Water Companies 

 

The following figure presents the results of the multi-product sewage companies: 

Figure 16: Efficiency Potentials of the Sewage Companies 
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From these graphs we can see that the results do not present any apparent sign of economies of 

scope. It can be seen that with the water companies, there are more single product firms in intervals 

with lower efficiency potentials (0-20%).  

However, the single product firms are the least efficient (66-95%).  In regard to the sewage 

companies, a mix of single and multi-products firms are efficient (0-20%), and the single product 

firms are inefficient (56-80%). Regardless of whether they are single or-multi product, the majority 

of the companies’ efficiency potentials still lies within the middle (20-60%) for both sewage and 

water companies. 

Due to the lack of an apparent pattern, we wanted to investigate this further with the 95% 

confidence intervals, which are presented below. 

Figure 17: Efficiency Potentials of the Water and Sewage Companies 

 

The results presented show that multi-product firms in the water industry have higher average 

efficiency potentials than single product firms, whereas in the sewage industry the opposite occurs 

as multi-product firms have lower average efficiency potentials. Also interestingly, the single 

product firms have approximately the same average efficiency potentials regardless of the product 

(water or sewage).  

Thus, from this analysis there seem to be diseconomies of scope in the water industry and 

economies of scope within the sewage industry. 
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However, the width of the 95% confidence intervals differs, and the confidence intervals are clearly 

narrower for the single product firms. This could be due to the fact that the number of firms in each 

category is biased towards the single product companies, since only 22 (out of 104 sewage 

companies and 208 water companies) companies have both activities. This makes the results less 

robust than if the distribution had been more equal. 

Furthermore, other factors might influence the results. It is noted that all the multi-product 

companies are municipal which is why all the analyses of economies of scope includes analysis with 

municipal frontier companies only.  

The tables below contain information on the multi-product water and sewage companies. The tables 

show both the number of firms in each category (size and region) but also the average of the multi-

product companies’ efficiency potentials in the stated categories. The total row gives the total 

number of firms in each region and the average efficiency potential for the given regions. The total 

column shows the total number of firms in each size category and the average efficiency potential of 

the given size category. It should be noted that Zealand is not represented in the multi-product 

water/sewage industry, and therefore they are not represented in the two tables. 

The table below shows the information on the multi-product water companies. 

Table 13: Efficiency Potentials of the Multi-Product Water Companies Categorized on Size and Region 

Region North 
Jutland 

Mid-Jutland 
South 

Denmark 
Capital Total 

Size a b a b a b a b a b 

Very Small 6 38% 2 47%  3 59% 1 58% 12 46% 

Small 0 - 2 28% 0 - 2 49% 4 38% 

Medium 1 33% 3 29% 0 - 0 - 4 30% 

Large 0 - 0 - 1 22% 0 - 1 22% 

Very Large 0 - 1 37% 0 - 0 - 1 37% 

Total 7 37% 8 34% 4 50% 3 52% 22 40% 

Remark: a stands for the number of firms and b for the average efficiency potentials. 

 



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 93 – 
  

The possible diseconomies of scope with multi-product water companies may be linked to the size 

factor. We can see that approximately 73% of the multi-product firms are considered to be smaller 

firms (very small or small). These two categories have the highest average efficiency potential out of 

all the categories.  

North Jutland has around 32% of the multi-product water firms, and Mid-Jutland has about 36% of 

all the multi-product water companies, and these two regions have the lowest average efficiency 

potential within the multi-product water industry. The multi-product firms in South Denmark and 

Capital region show to have the highest inefficiency, but together they only constitute around 32% 

of the multi-product water firms. Thus, they do not affect the total average of the efficiency potential 

for the multi-product water companies as much as the other two regions.  Hence, it seems that it 

might be the size factor that influences the result of diseconomies of scope and vice-versa. 

The following table shows the information of the multi-product sewage companies. 

Table 14: Efficiency Potentials of the Multi-Product Sewage Companies Categorized on Size and Region 

Region North 
Jutland 

Mid-Jutland 
South 

Denmark 
Capital Total 

Size a b a b a b a b a b 

Very Small 1 0 0 - 2 36% 0 - 3 24% 

Small 2 38% 1 35% 0 - 1 28% 4 35% 

Medium 3 17% 3 37% 1 40% 2 44% 9 32% 

Large 1 29% 3 32% 0 - 0 - 4 31% 

Very Large 0 - 1 21% 1 20% 0 - 2 20% 

Total 7 22% 8 33% 4 33% 3 39% 22 30% 

. Remark: a stands for the number of firms and b for the average efficiency potentials 

Economies of scope may be seen with sewage; therefore we investigated the firm characteristics 

more. The size of multi-product firms is fairly evenly distributed except for the medium size 

companies. Approximately 41% of the multi-product sewage companies are medium size.  
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This group has 2%-points higher efficiency potentials on average compared to the average of all the 

multi-product sewage firms. The lowest average efficiency potentials are seen in the very small 

multi-product companies or the very large multi-product companies. However, the fewest multi-

product sewage companies fall in to these two size categories. Thus, the tendency of economies of 

scope does not seem linked with size.  

Clearly, as with water, North Jutland has around 32% of the multi-product firms and in the sewage 

multi-product industry this region has the lowest average efficiency potential compared to the 

remaining regions. The difference is at least 11%-points which we find noticeable and thus, the 

tendency of economies of scope may be affected by the regional factor or vice versa. 

6.3 Stochastic Frontier Analysis 

This thesis has focused on the DEA to find the efficiency potentials for the firms in the water and 

sewage industry. Within the DEA, it is assumed that there is no noise in the data (see section 5.2 

Stochastic Frontier Analysis), and this may not be an accurate assumption with our data.  

The Water Department performs a similar analysis in the benchmarking of 2013 

(Forsyningssekretariatet 2013b). Based on the results they find, they perform a correction of the 

NVMs (see section 5.4.5 The Efficiency Potentials). 

To investigate if our data has noise, there is another process called SFA (see section 5.2 Stochastic 

Frontier Analysis), which can tell us what percentage of the variation in the data is contributed to 

noise and inefficiency. Therefore, we thought that this analysis would be able to verify if our results 

from the DEA are accurate.  

From section 5.2 Stochastic Frontier Analysis, calculation of the inefficiency portion of the total 

variation in the model is presented below: 
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The noise of the model can also be calculated with: 

     
             

 

      
                                      

SFA was performed in R under the benchmarking package as well as the DEA. The data is the same 

as used in DEA, but with FADO as output, and NVM, DC_NVM, AC_NVM as input4. We had to 

determine the best functional form to describe the data, thus we did analyses using linear-linear, 

log-linear, log-log and the inverse.  

The log-log for both the sewage and the water gave the best results in respect to the t- and p-values 

of the inputs. The log-log also showed applicable results in terms of the sign of lambda. We got 

negative lambdas for a few of the other functional forms, which should not be possible. Therefore, 

we chose the log-log function form for this analysis.  

The water companies are presented only with municipal companies on the efficient frontier in the 

analysis. This was done since we were unable to get acceptable results otherwise, (i.e., lambdas 

were negative and/or p-values were extremely high). We tried running the SFA with the both the 

municipal companies and the private companies, as well as both groups separately. However, all 

analyses including the private firms did not give us any acceptable results. We believe the reason 

SFA cannot be performed with private firms is because there is a wide range of size within the 

private firms. Since SFA tries to make a frontier based on the chosen functional form, and the 

private firms are so different in sizes these two factors might not work together. Therefore, for the 

water companies, municipal firms only are presented.  

  

                                                             
4 This is the opposite order compared to DEA. However, it is due to the restriction of the SFA-function in the 
software used (Benchmarking in R). 
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The SFA results obtained from R for municipal water firms are presented below: 

Table 15: R-Output of the SFA for the Water Companies 

 Parameters Std.err t-value Pr(>|t|) 

(Intercept) 2.3765 0.4594 5.1731 0.000 

NVM -0.4879 0.2653 -1.8392 0.069 

AC_NVM -0.1048 0.2395 -0.4377 0.662 

DC_NVM 1.4517 0.2025 7.1671 0.000 

lambda 1.2386 0.8180 1.5143 0.133 

      
  =  0.1067  

      
  =  0.04210429  

             
  = 0.06459501  

Remark: NVM, AC_NVM and DC_NVM are variables used in the SFA as input. Lambda is the square root of the 
fraction: the variance due to inefficiency divided by the variance due to noise. The three sigmas describe the 
variation of the model. 
. 

The total variation within the model is:       
        . The variation due to inefficiency is: 

             
             and the variation due to noise is:       

            . The percentage 

of variation in the water model that is due to inefficiency is: 

          

      
            

Therefore the percentage of the total variation of the model due to noise and lack of cost drivers is: 

             

To us, this seems high, which may be an explanation for the general larger efficiency potential 

scores for the water firms compared to the sewage firms (see Figure 7).  

For the sewage industry, the SFA was performed with all the companies, and we did not encounter 

the same problems (high p-values, negative lambda) as with the water companies.  
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The results obtained from R for sewage are presented below.  

Table 16: R-Output of the SFA for the Sewage Companies 

 Parameters Std.err t-value Pr(>|t|) 

(Intercept) 2.0436 0.5349 3.820 0.000 

NVM 0.3502 0.1891 1.851 0.067 

AC_NVM 0.2414 0.1516 1.593 0.114 

DC_NVM 0.2989 0.2042 1.464 0.146 

lambda 2.5424 0.7519 3.382 0.001 

      
  =  0.14958  

      
  =  0.0200399  

             
  = 0.1295268  

Remark: NVM, AC_NVM and DC_NVM are variables used in the SFA as input. Lambda is the square root of the 
fraction: the variance due to inefficiency divided by the variance due to noise. The three sigmas describe the 
variation of the model. 
. 

The total variation within the model is:       
         . The variation due to inefficiency is: 

             
            and the variation due to noise is:       

           . Hence, the 

percentage of variation in the sewage model that is due to inefficiency is: 

         

       
          

Therefore the percentage of the total variation of the model due to noise and lack of cost drivers is: 

             

The noise in data for the sewage companies is lower than that for the water companies. It should 

also be noted that the sewage companies have two more cost drivers (Figure 2 and 3) compared to 

the water companies in the calculation of the NVM.  
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The total variation is higher for the sewage companies than for the water companies, but that may 

be due to the lack of private water firms in the SFA. Hence, the total variation is for the whole 

market (population) with the sewage firms, whereas the water firms’ total variation is only a sample 

of the market (only the municipal water firms).  

SFA has demonstrated that there is noise within the model especially in regards to the water 

companies but also with the sewage companies. Therefore, we deem it acceptable that a correction 

of efficiency potentials is made to compensate for the noise or insufficient model. 
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7 Results 

The analyses have touched upon numerous topics. This discussion will consist of small conclusions 

for each analysis. 

7.1 The Returns to Scale Assumption 

As a reminder, the Water Department assumes CRS with the second-band of frontier companies 

within the DEA. Furthermore, the frontier companies are only allowed to be municipal firms (in the 

water industry).  

The RTS was performed to determine the impact of the scale assumption in DEA. In theory, it was 

expected that the efficiency potentials under the CRS-assumption would be higher than under the 

VRS-assumption, especially in the water industry, as the size of companies varies a lot (the FADO 

ranges from 53,835DKK to 188,266,378DKK). Here, the distribution of the efficiency potentials has 

a high percentage of firms in the upper-range of the intervals (the majority lie between 45-70%) 

when using CRS, whereas the efficiency potentials under the VRS-assumption are more evenly 

distributed. This becomes very apparent when looking at potential savings in DKK for the water 

market; under CRS savings of 867,989,164 DKK are possible and 486,194,862 DKK for VRS, which is 

close to half the market savings of CRS. Therefore, for the water companies, the results coincide with 

the theory that the CRS-assumption is harsher on the companies than the VRS-assumption, meaning 

CRS leads to higher inefficiency. 

When looking at the sewage industry, the differences in efficiency potentials between the 

assumptions CRS or VRS were less extreme than with the water industry. The distribution of the 

efficiency potentials is in the lower half of the interval, regardless of scale assumption used; the 

majority of companies have an efficiency potential between 20-45%. The total savings in DKK for 

the sewage market is 1,163,955,051 DKK when assuming CRS and 1,065,631,105DKK for VRS. Thus, 

when changing from CRS to VRS, the total market savings in DKK only decreases by approximately a 

tenth. 

In conclusion, from a theoretical perspective, the RTS assumption makes a big difference in the 

results for the water companies, but a less extreme difference for the sewage companies. In view of 

the fact that the CRS-assumption does not take firm size into consideration, this assumption may 

produce harsh and unrealistic results, which may be an argument against using CRS.  
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Therefore, when discussing the water industry, it may be unfair to use the CRS-assumption from a 

theoretical point of view. The water firms vary in size, and it can also be seen from the frontier plots 

(Figure 4) that there are a few large water firms that are far away from the frontier (to the east), 

which are therefore assumed to be responsible for the majority of the decrease in market savings 

when changing the scale assumption from CRS to VRS. 

Although, from a regulatory perspective, CRS is a common assumption since it resembles market-

like conditions, which we think is a strong argument for using that scale assumption. Also, keeping 

in mind the societal perspective, CRS is the harshest, and therefore the potential savings are 

greatest, which is best for the consumers.  Overall, from our analysis, we think the argument for 

changing the scale assumption from CRS to VRS is most relevant in the water industry, and not in 

the sewage industry, as the CRS-results did not differ vastly from the VRS-results. In conclusion, 

from a regulatory and consumer view, CRS is a fair assumption for the water and sewage industries. 

7.2 The Efficient Frontier 

The Water Department uses the second band of most efficient companies to be the frontier and we 

wanted to determine the impact this process has. In CRS, when going from first band to second band 

of frontier companies, there is a 232,004,732 DKK loss in the total market savings (Table 6). We 

believe, from the published material, that the water department only uses the second band of 

frontier companies as a precaution in case of misreporting. From a regulatory point of view, we 

understand the concern of misreporting of the frontier companies, but precautions are already 

taken into account in that regard (quality checks of the reported data, implementation of special 

conditions, the maximum efficiency penalty is 5%, etc.). Therefore, we do not see a strong enough 

argument for using the second band of frontier companies. We think there are already a lot of safety 

nets in place for the companies, so we find the second band precaution futile, which is why we have 

only used the first frontier in our following analyses.  

7.3 Company Characteristics 

Our second-stage analyses were performed to look for patterns in the results of the efficiency 

potentials due to company characteristics. Hence, if patterns were detected, this could lead to 

suggested groupings of the companies in the benchmarking process, as it is best to benchmark 

against similar firms. 
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7.3.1 Private versus Municipal 

The private and municipal analysis was performed to determine if the ownership structure should 

be considered during the benchmarking process (choice of frontier) of the water companies.  

The groupings regarding ownership of the frontier firms showed to have an impact on the efficiency 

potentials.  

The Water Department only allows the municipal water firms to be considered the frontier.  

The municipal firms are considered to be less efficient in general. Therefore, we looked at the 

efficiency potentials when municipal firms were only allowed on the frontier, and efficiency 

potentials when private firms were allowed on the frontier, as well as efficiency potentials when 

two separate DEAs were performed; one only with private and one only with municipal water 

companies. The results indicated that lowest efficiency potentials out of all the options were 

provided when municipal firms constitute the frontier. The highest efficiency potentials were gained 

from allowing private water companies on the frontier. Performing two separate analyses gave a 

result between the other two approaches, although closest to the results from having the municipal 

companies constituted the frontier (see Table 9).  

It is debatable whether the Water Department’s approach of only allowing municipal water 

companies on the frontier is the correct approach. The private companies have a lower level of 

customer service, voluntary workers, etc. that decrease the OPEX compared to municipal firms. 

Therefore, we recognize the argument for only allowing municipal firms on the frontier, but we also 

believe that this rule may not be fair to the consumers. The market has a mix of private and 

municipal water firms and the benchmarking should be for the whole market, with a frontier that 

represents the whole market. Another concern of only allowing municipal water firms constituting 

the frontier is that some private firms appear efficient, whereas they would prove to be inefficient if 

private firms are allowed on the frontier. 

Therefore, we consider the separate analyses as a fair compromise between the frontier choices, 

since the water firms are then benchmarked against similar firms. In addition, this appeases the 

arguments that municipal firms should not be benchmarked against private firms since the OPEX 

costs will be lower for those firms, but also that private firms should not unnecessarily benefit by 

only being benchmarked against the municipal firms, leading to lower market savings (see Table 9).   
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In conclusion, we believe that two separate analyses ideally should be performed as described 

above, as this is acceptable from a regulatory and theoretical perspective. However, unless that is 

implemented, we think that private firms should constitute the frontier to grasp the efficiency of the 

whole water market. With the whole market argument in mind, the remaining analyses were 

performed with the private water companies constituting the frontier, unless it was found 

applicable to use the frontier of municipal companies instead. 

7.3.2 Company Size 

The size analysis was completed to investigate if the firm’s size influences the efficiency potentials. 

The analysis was performed with both the CRS-assumption and VRS-assumption (for water firms 

allowing private companies on the frontier), to test the theory that VRS takes size into 

consideration. It should be noted that the size intervals are subjective, and therefore different 

results could have been achieved with a different classification. Different results may also have been 

achieved by using a different category to group the size of the firms. We used FADO since FADO 

originated from data that was audited and therefore considered the most credible.  

For water firms, the size categories showed different efficiency potentials, although the average for 

each category was within a 10%-points difference of each other under CRS and showed large 

differences in efficiency potentials under VRS. The greatest change in average efficiency potentials 

was seen in the very large firms, with a difference of 46%-points. This is not unexpected, as it has 

been previously established that VRS takes into account size, which is why the efficiency potentials 

decreased when using VRS. The efficiency potential gradually decreased more coincidently the 

larger the size category was, leading up to very large water firms’ efficiency potentials decreasing 

the most.  

The efficiency potentials for the sewage firms were fairly consistent regardless of using CRS or VRS, 

and the categories’ average efficiency potentials were close to each other. The very large sewage 

firms benefited the most from changing the CRS to VRS with a 10%-point decrease in the average 

efficiency potential. This did not surprise us since the sewage firms in general are closer in size to 

each other (see Table 10 and 11).  
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Looking at results under CRS, which, as earlier mentioned, is the approach taken by the Water 

Department, company size does not seem to have a large impact on the efficiency potentials.  

As mentioned earlier, in the water industry, the average efficiency potentials for each size category 

are within a 10%-points difference of each other, and this difference is even less within the sewage 

industry under CRS. The upper and lower boundaries differ in range, although most categories 

overlap, which indicates robustness.  

Clearly, the very large firms gain the most (i.e., efficiency potential decreased the most) when firms 

are benchmarked against similar-size firms (under VRS). Apart from the scale assumption used as it 

was discussed in prior analyses, we do not find that the firms’ size impacts the efficiency potentials 

significantly. 

7.3.3 Scale Efficiency 

The scale efficiency analysis was executed to determine how many firms are operating at their most 

productive scale size using CRS, first frontier, allowing private companies on the frontier and a 

second analysis with only municipal firms on the frontier for water. 

For the water companies, it was found that the majority of firms are operating at close to optimal 

level regardless of the frontier standard (see Figure 11). Clearly, when the frontier allows for 

private water firms, fewer firms are considered close to optimal level. Regardless of the ownership 

in regard to the frontier, the majority of the firms considered close to optimal level are private firms. 

This result was surprising, as the private firms normally are considered small. However, the result 

could be affected by the fact that the majority of the water companies are small (See Table 10), and 

therefore sets the norm. 

For the sewage industry, which only has municipal firms, over 80% of the firms were considered to 

be close to optimal level.  

In conclusion, the scale efficiency showed that many firms are operating at close to an efficient level 

and few are at the optimal level in Denmark.  Although, the scale efficiency was subject to model 

constraints, since our results changed when we changed the frontier’s characteristics (private or 

municipal).  
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7.3.4 Regions 

For the regional analysis, we examined whether the location of firms influences the efficiency 

potentials using CRS, with private firms allowed on the frontier using the first band. This analysis 

was performed with the correction for density in the DEA, as well as a DEA without the correction.  

It was found that the density correction decreased the efficiency potential for all the regions.  

We believed that if the density correction worked correctly, then the efficiency potentials would 

decrease mostly in certain regions (e.g., Capital region). Similar results were obtained for the water 

and sewage firms. Regardless of if the density correction was included or not, the Capital Region had 

the highest efficiency potentials.  

As mentioned earlier, the Water Department allows some cost drivers to specify location (zone) of 

the cost driver (i.e., the city and inner-city zone categories have the highest coefficients); therefore 

region specifications have already been implemented in the model before the density correction.  

Overall, we find region matters in terms of the results of the Capital region. Therefore, it does not 

appear that the current density correction used by the Water Department combats the regional 

influences. As shown in the analysis, the density correction is providing some companies that do not 

have any inner-city piping to get a higher correction than those firms in the city. We also find that 

since density is accounted for in some cost drivers, then the density correction should not be 

needed. Therefore, our conclusion is that we think the model needs to be improved in terms of a 

density correction that captures costly conditions based on regions.  

7.3.5 Economies of Scope 

To possibly detect economies of scope, efficiency potentials of the multi-product water and sewage 

firms were compared to single product firms using CRS with municipal firms on the frontier. Only 

municipal water companies were allowed on the frontier for this analysis to compare with sewage 

since all the multi-product firms are municipal. Slight signs of economies of scope were found in the 

multi-product sewage companies, whereas, a small tendency of diseconomies of scope was found in 

the multi-product water firms. 

 We cannot know for certain whether the efficiency potentials are influenced by the economies or 

diseconomies of scope, or if other factors such as size or region interfere. Therefore, we tried to 

detect any patterns of such kind (see Table 13 and 14).  
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It was found that the diseconomies of scope for the multi-product water firms may be due to 

company size, whereas the signs of economies of scope in the multi-product sewage companies 

might be influenced by regional placement. It is uncertain whether the economies/diseconomies of 

scope are affected by the factors mentioned or if it is the other way around. 

In general, it is difficult to detect economies of scope with certainty as mentioned in the theoretical 

section of economies of scope. Numerous studies mentioned in the economies of scope section 

showed that when economies of scope were found, it would usually be within small companies.  

This does not coincide with our results. However, the definition of smaller firm might differ.  

We also find it interesting that, as mentioned, in OFWAT the companies on the frontier must be 

multi-product firms, since OFWAT believes that the costs for these multi-products will be higher. 

Although, it is possible that OFWAT allows different costs to be included in the analysis.  

Since the multi-product companies of the water industry seem to suffer from diseconomies of scope, 

and the multi-product companies in the sewage industry seem to benefit from economies of scope, 

we think that the contradiction in results may be due to different accounting methods and not based 

on true economies/diseconomies of scope. 

7.4 Stochastic Frontier Analysis 

The SFA analysis was performed to provide different information regarding the model. The SFA was 

used to determine if the variation in the benchmarking model could be due to noise and not solely 

inefficiency, as DEA states. For this analysis, the functional form needs to be predefined. We 

acquired the best results using a log-log format.  It should also be reiterated that this analysis only 

contains municipal firms (for the water industry), since we were unable to get any usable results 

when including private companies in the model.  

The SFA of the water industry (municipal firms only) discovered that 39% of the total variation is 

due to noise or lack of cost drivers. Although, the lack of private companies in the analysis is 

disturbing to us since this may change the outcome.  For the sewage industry, SFA discovered that 

only 13% of the total variation is due to noise or lack of cost drivers.  

The fact that the percentage of variation due to noise was lower for the sewage model than the 

water model does not come as a surprise, since the sewage model contains more cost drivers.  
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The water industry also has a higher variation of firm characteristics (ownership, size, number of 

firms, etc.).  

The Water Department uses the SFA results to make a general correction of the net-volume-

measures in the form of adding 25% of the water company’s DOiPL to its net-volume-measures and 

20% for the sewage companies before performing the final DEA to obtain the corrected efficiency 

potentials. Whether this is the correct way to implement the SFA results can be argued. However, 

there are no specific guidelines on how SFA results can be combined with the DEA results. The 

Finnish Energy Market Authority used a simple average of efficiency scores gained from using DEA 

and SFA (Kuosmanen et al. 2013), whereas other countries used the best-off approach and thereby 

assign the company the best efficiency score from either the DEA or SFA (Bogetoft 2012). Based on 

our SFA results we deem it relevant to make some kind of adjustment, since noise is present in the 

model. Whether the correction should be an adjustment to the net-volume-measures (the Water 

Department approach) or implemented through an average efficiency score (the Finnish approach), 

should be subject to further analysis and investigation.  
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8 Perspective 

Many countries use benchmarking within the water and sewage industry: regulators, companies or 

associations. A look at other countries is important to gather a broader understanding of 

benchmarking and the use of regulation within the water sector. Furthermore, a brief look at the 

electricity industry might provide an even more comprehensive view since electricity is also a 

distribution network.  This review into other countries and the electricity sector will help us gain 

perspective on the Water Department’s methods. 

8.1.1 Other Countries using Benchmarking in the Water Sector 

The water and sewage industry was privatized in 1989 in England and Wales and an independent 

regulator was formed called OFWAT (Sørensen 2010). OFWAT’s main purpose is to set the prices 

that companies are allowed to charge their customers while allowing firms to perform their 

function (Byatt 2013).  Currently, OFWAT regulates 34 privately owned water and/ or sewage firms 

(Ofwat 2013b).The industry is regulated with price caps that are reset every five years (Sørensen 

2010), and the price caps use TOTEX when setting the final price cap (Ofwat 2009). It should be 

noted that OFWAT is trying to implement a menu of contracts approach, but this is being met with 

some industry resistance (Ockenden 2012). Price caps have an industry component to account for 

the technological advances, as well as a company specific factor to account for savings over the 

industry.  DEA and other unspecified tools are used to evaluate the company specific factor 

(Thanassoulis 2000a). OPEX and CAPEX have been separately benchmarked (Ballance 2006; 

Cubbin2005), but to what extent they are used in the price setting is not transparent (Ballance 

2006). OFWAT has recently implemented benchmarking with TOTEX for certain areas (Ofwat 

2013c), as OFWAT believes this will better prepare firms for the changing climate (Ockenden 2012). 

When using DEA, OFWAT only allows multi-product companies (both sewage and water) to 

constitute the frontier since the infrastructure, size, and costs are larger for these firms compares to 

the single product firms (Thanassoulis 2000b). Along with price cap regulation, OFWAT has some 

characteristics of sunshine regulation since OFWAT publishes results regarding the firm’s 

performance (Marques and De Witte 2010).  OFWAT uses these results to either reward or punish 

the firms by increasing or decreasing the price limit (Sørensen 2010). This is also the case in 

Scotland, where benchmarking is used to set price limits as well (Marques and De Witte 2010).  
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The Netherlands uses the sunshine regulation (De Witte and Saal 2010). The industry is all public 

domain and is currently 10 firms, but has been as large as 60 firms in the 1990s (Marques and De 

Witte 2010). Sunshine regulation was self-imposed by the industry to avoid privatization and 

regulation. Therefore the industry has entered into a voluntary benchmarking with published 

results every few year since the late 1990s (Marques and De Witte 2010; Sørensen 2010).  

Since sunshine regulation has arisen, the industry has increased its efficiency by 21%, and increased 

transparency has been credited to many mergers (Marques and De Witte 2010).  

Portugal is similar to the Netherlands in the sense that it uses sunshine regulation, although for 

Portugal this is compulsory (Marques and De Witte 2010). Portugal has approximately 300 

municipal owned firms, which are allowed to enter contracts with privatized firms that account for 

18% of the industry (Marques and De Witte 2010). Although, only the private firms are covered by 

the sunshine regulation (Marques and De Witte 2010), which does not make the regulation all-

encompassing. 

Thus, it can be seen that countries are starting to use benchmarking in regulation, but that there are 

several different approaches on how to implement this. There is definitely interest in benchmarking 

and most European countries have considered benchmarking in some form or another (Marques 

and De Witte 2010). 

Of the information we found on water-regulation in other countries, there are similarities to the 

Danish regulation and benchmarking but no exact regulation match. As mentioned before, the 

countries that are most comparable to Denmark are England and Wales (by OFWAT) since their 

regulations seem to include some of the same elements as the Danish (e.g., DEA-based 

benchmarking used in the price-setting, as well as the regulatory method in price cap regulation).  

Lessons can be learned from other countries. Sunshine regulation might be a less expensive form of 

incentives, and some states in Australia believe that the cost of benchmarking does not outweigh the 

benefits (Lowry and Getachew 2009). The Water Department can also use OFWAT as inspiration in 

the following ways: investigate why OFWAT believes the costs are higher for multi-product firms 

since there are 22 firms that are multi-product in the Danish water sector, benchmarking with 

TOTEX, implementation of longer lag times, etc. 
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8.1.2 The Electricity Industry 

From the 1980’s, reforms have occurred in network industries, including electricity (Jamasb and 

Pollitt 2000), as inefficiencies were found to be substantial (Agrell et al. 2005).  The approaches of 

the reforms vary across countries, but many of the reforms are in relation to improving efficiency 

with competition, privatization, or price regulation (Jamasb and Pollitt 2000). The electricity supply 

is organized differently than the water industry because there is a generation, transmission, and 

distribution aspect to the industry (Jamasb and Pollitt 2000).  Many reforms focus on the supply 

aspect (Jamasb and Pollitt 2000). Although the industry differs, there are still lessons that can be 

learned from this natural monopoly, since many academic and efficiency studies have looked at the 

electricity sector.  

An article by Jamasb and Pollitt (2000) looked at over 25 different articles that researched 

regulation and benchmarking in the electricity industry. Articles varied in the expanse of coverage, 

(i.e., single country or countries, method of benchmarking, inputs, outputs, etc.) (Jamasb and Pollitt 

2000). Overall findings varied, which led to the conclusion that many different factors affect the 

results (Jamasb and Pollitt 2000):  

 A study into only one country found evidence of economies of scope in small UK firms.  

 Another study into Greek electricity firms found efficiency in urban areas when using DEA, 

whereas urban efficiency was not found using econometric models.  

 In a study of the Turkish electricity market, firms that were offered private franchise 

opportunities were shown to have higher efficiency levels compared to those that were not 

offered franchising.  

 On a multi-country level, studies of the benchmarking tools, DEA, SFA, and COLS concluded 

that ownership did not affect performance.  

The differences in methods and results are important because it is further proof that regulation is 

complicated, and there is no absolute way to regulate (Jamasb and Pollitt 2000).  

In the article, the authors submitted surveys to many countries and made their own conclusions 

based off the responses (Jamasb and Pollitt 2000). It was found that the first countries to implement 

market-oriented reforms (Norway, UK and Chile) also now use benchmarking within their 

regulation.  
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Implementing benchmarking within reforms has occurred in over 20 countries, although the use of 

benchmarking varies; some countries use frontier-oriented methods, while others do not. Jamasb 

and Pollitt (2000) also discovered that lag times vary between three to five years; most countries 

implement the benchmarking into price or revenue caps; and the regulator is normally independent 

(Jamasb and Pollitt 2000). It was found that at the time the article was published, Great Britain, 

Norway, Netherlands, New South Wales, and Colombia were using DEA as benchmarking in the 

price-setting process (Jamasb and Pollitt 2000).  

Other articles, not discussed in Jamasb and Pollitt’s (2000) encompassing article have also looked at 

aspects of the electricity market. Jacobsen and Jensen (2011) discovered that as of 2011, 8 out of 19 

European countries have implemented incentive regulation for the distribution aspect of electricity. 

This can also be linked to what Haney and Pollitt (2011) said about regulators being influenced by 

their neighbor (regional effects).  Haney and Pollitt (2011) furthermore discussed that within the 

electricity sector, the size and political environment of a country influence benchmarking. An article 

by Giannakis et al. (2005) argues that Norway, which has a high number of utility firms at 

approximately 180, performs DEA with multiple inputs and outputs and uses these results directly 

in the price cap regulation, whereas in New South Wales, where only a few distribution firms exist, 

there is no direct relation to the benchmarking and price setting (Giannakis et al 2005).  

An interesting article by Niesten (2010) discusses how the Dutch regulators try to implement a 

quality factor ( ) into the price cap regulation using benchmarking. The  -factor is a measure of a 

company’s network user’s interruptions multiplied by the time of the interruption and then divided 

by all the network users of the company. If the quality of a company is higher than the market 

average, that company gets a higher  -factor and is thereby allowed to charge higher consumer-

prices, the average interruption duration of the companies in the market. This is to encourage the 

companies to invest in their network and thereby increase the quality level (Niesten, E. 2010). 

The Danish electricity sector went through reform in 1999 (Hauch 2001). The reform hoped to 

increase efficiency through competition, as well as increase environmental aspects of the sector 

(Hauch 2001). The electricity industry was divided into competitive activities or natural monopoly 

activities; the natural monopolies were to be regulated whereas the competitive activities allowed 

free competition (Hauch 2001). The current regulation is a revenue cap, including a benchmarking 

aspect to increase efficiency (Energitilsynet 2012). 
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Overall, the electricity industry can provide some guidance in the water sector reform, but as 

discussed, many factors influence the reform or efficiency. Therefore, it is of relevance to review 

other sectors, countries, and models as guidance, although keeping in mind that every situation is 

different. 

8.2 Discussion of the Danish Regulation 

The Danish regulation is a mix of regulation methods and considered to be incentive-based price 

regulation (Sørensen 2010). Incentive-based regulation’s aim is to complement other methods to 

induce better behavior within the industry (Haney and Pollitt 2011). At a high level, the Danish 

regulation is considered to be a revenue cap (price cap), but when the Danish regulation is 

examined more closely, it can be seen that there are aspects of several regulatory methods.  As seen 

in section 4.4.3.1 The Price Limits in the Danish Water Sector, the Water Department looks at all the 

costs (TOTEX) and sets a limit on revenue for the firm. The firm can then recover most of its costs, 

including investments, although the investments are benchmarked, and therefore not all risk for the 

firm has been eliminated. The investments are benchmarked in the sense that the cost of the 

investment is compared to similar investments. Thus, companies are supplemented for their 

investments to the extent that they correspond to similar investments in the market (to avoid 

inefficient investments) (Forsyningssekretariatet 2012b). Therefore, investments have a yardstick 

regulatory aspect to them.  

An important characteristic of the Danish regulation is the lag time. Many of the differences between 

price caps and rate of return regulation disappear when the price controls are reset (Newbery 

1998) and currently, the controls are reset yearly in the Danish market; therefore, the revenue cap 

may be the main method of regulation but it does have some characteristics of rate of return (lower 

risk to firms). An important factor associated with revenue and/or price caps is that the lag time 

allows firms to reduce costs, since the firms would be allowed to keep any savings to their costs 

accrued at that time, providing incentives to the firm. This is not the case in the Danish market, since 

zero profit is allowed, and the Water Department will modify the price to allow any previous profit 

to be given back to the consumers. 

The incentive factor within a revenue cap is diminished from the short lag times and zero profits; in 

order to offset this, the Water Department tries to induce incentives to the firms by adding a 

competitive aspect on efficiency to the regulation.  
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Within the revenue cap, there are benchmarking factors that penalize the firm if it is not considered 

one of the best (most efficient), which is also comparable with yardstick regulation since the 

benchmarking is used as a competitive approach (Sørensen 2010). The penalty or competitive 

approach originates from benchmarking OPEX using DEA. Therefore, although investments are 

benchmarked to encourage smart investments, the efficiency and competitive aspect of the 

regulation is in relation to the firm’s OPEX.  

The Danish regulation also tries to increase transparency within the industry, and therefore 

publishes the results yearly, which is a form of sunshine regulation. It is not clear if the Water 

Department hopes to embarrass the firms, as in the Netherlands, but nevertheless, the results are 

published.  

Overall, the Danish regulators use factors from several different regulation methods to create their 

water regulation. The unique Danish regulation coincides with recent trends/thoughts that 

economic theory in regulation needs to be supplemented with practical solutions or unique 

arrangements (Jamasb and Pollitt 2000). 
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9 Critique and Outlook 

Several aspects of this thesis could be critiqued. Firstly, we focused on the firms’ efficiency 

potentials to determine if size, ownership, regions, products, etc. displayed a pattern. However, the 

calculations of the efficiency potentials are completed fairly late in the benchmarking process; 

regressions of the cost drivers’ underlying conditions are performed to set the cost equivalences 

that establish the base of the net-volume-measure. Thus, with different cost equivalents we might 

have detected different patterns within the efficiency potentials. We originally wanted to investigate 

the calculations of the cost equivalents further, but due to lack of data, we investigated the impact 

the firms’ characteristics had on the efficiency potentials based on the pre-made cost equivalents.   

Ideally, we would have investigated the characteristics throughout the whole benchmarking 

process. Although, we acknowledge that an investigation of the entire process (interviewing 

companies regarding relevance of cost drivers and underlying conditions; determining cost 

equivalents based on regressions of gathered information; and then retrieving the net volume to 

further investigate patterns, robustness of model, etc.) is too extensive for the scope of a master’s 

thesis. Furthermore, the reliability of the data (reporting from the companies) will always be a 

concern (information asymmetry) regardless of the step in the benchmarking process. 

Secondly, choices made throughout the analysis would have differed if we knew the results in 

advance. In hindsight, we may have used the frontier only consisting of the municipal firms (for the 

water industry) after we recognized the results of the second-stage analyses. As mentioned, we 

allowed private firms because we wanted to capture the whole market, but arguments can be made 

that it is fair with municipal firms only on the frontier. We believe these results are still accurate 

since OPEX is used with benchmarking, and not CAPEX, which in theory present the biggest 

differences between private and municipal.  

Finally, if we had more experience using the software R, it would have led to less manual work and 

the possibility of human error. However, our work has been thoroughly checked and calculations 

have been done several times, so we believe the possibility of human error is low.  

Our critique also leads to an outlook with the thesis. We think it would be interesting to use our 

findings with the efficiency potentials to investigate the cost equivalents. In other words, it would 

have been ideal to gain control of the issues earlier in the process.   
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We think that the Water Department has quite a few precautions in place (second band, density 

correction, and special conditions, etc.) before it issues the efficiency penalty, but we believe that a 

more specified model might counterbalance the extra precaution.  

When we were investigating the electricity sector, an article by Jamasb and Pollitt (2003) looked at 

a number of past articles that investigated efficiency, and found that these articles worked with 

numerous inputs and outputs, as well as different models. Therefore, there are many possibilities. 

We used the inputs and outputs set forth by the Water Department, as that was our intention with 

the thesis, but it would be interesting to look at other inputs and outputs to determine the efficiency 

level and the change in results. 

We think it might be interesting to look at the benchmarking for the water and sewage firms using 

CAPEX and/or TOTEX (as OFWAT) to see the impact on the efficiency potentials. However, this 

would require more information that was not available to us.   

Finally, as mentioned, the Water Sector Act is currently being evaluated. This may lead to changes in 

the law and influence on the Water Department’s approach, which could impact the Water Sector.  

Overall, the possibilities are substantial and interesting. This topic is vast and can encompass many 

different aspects and theory.  
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10 Conclusion 

Numerous topics have been discussed in this thesis. Presenting conclusions on the Water 

Department’s benchmarking technique requires understanding of the Danish benchmarking model, 

Danish history in the water sector, regulation, DEA, etc. It is also important that all stakeholders’ 

perspectives are considered, although we mostly align with the regulator’s perspective to safeguard 

public interests, which influenced our choices in this thesis.  

The Water Department uses incentive-based revenue caps to regulate the water sector. There are 

pros and cons to each regulation method, and a lot of considerations to keep in mind. Within this 

regulation, the use and results of benchmarking have an impact on the revenue caps for each firm.  

Before the Water Sector Act was implemented in the market, a report by the Competition Authority 

found that 11 firms in the water industry and six firms in the sewage industry were considered 

efficient. However, our results using CRS, first band with the allowance of private firms on the 

frontier found three water firms and five sewage firms to be efficient. The report also showed total 

potential market savings of 1,300,000,000 DKK, whereas we found 2,031,944,215 DKK. This 

comparison is interesting since the amount of efficient firms has decreased and the total market 

savings has increased when we compare our results to the Competition Authority’s report. It is 

important to keep in mind the process and underlying conditions, such as number of observation, 

cost drivers, etc., differ substantially between the Competition Authority’s original report and our 

analyses.  

The Water Department’s assumption of CRS was found to have a large impact on the companies’ 

efficiency potentials. From our data, CRS show potential saving of 2,031,944,215 DKK for the 

consumers from the water and sewage industry (when private water companies are allowed on the 

frontier). Using CRS over other RTS-assumptions (VRS) will potentially save the consumers   

480,118,251 DKK in total for one year. We find the potential savings of using CRS over VRS 

substantial, and with the regulator’s objective of safeguarding the consumers’ interest this approach 

is deemed appropriate. However, the Water Department also uses the second band of frontier 

companies, which we do not find to be safeguarding the consumer’s interest. By using the second 

band with CRS, the potential savings decreases by 232,004,732 DKK. The argument set forth by the 

Water Department leans towards caution, which we believe is subjective and unnecessary.  
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Other choices made by the Water Department also impact the firms and society. In some cases, it 

was found that the Water Department’s benchmarking of all firms is too encompassing, and 

groupings may be better. This is the case in the water industry, where the use of municipal firms 

only allowed on the frontier greatly influences the efficiency potentials, in favor of the firms. 

Groupings may provide rational results as it is optimal to benchmark against similar firms. The 

scope of a firm does not have significant impact on the results. When grouping the companies based 

on their size, no obvious patterns in the efficiency potentials were found. However, the analysis of 

scale efficiency showed that only a few companies were operating at an optimal level. Thus, the size 

of the firms could have an influence on the efficiency potentials. The location of firms operating in 

the Capital region appeared to make a difference in the results. It was also discovered that the 

modification used by the Water Department to correct for this regional impact does not serve its 

purpose.  

Furthermore, it was discovered that not all of the variation in the model was due to inefficiency, as 

the DEA states, but noise was encountered, shown by the SFA. The Water Department makes 

corrections based on a SFA, but whether that correction is appropriate is difficult to say since there 

is no final guideline to this implementation. 

The Water Department recognizes that the model is not perfect, therefore it corrects the net-

volume-measure for age, density, large distributions of certain cost drivers and a general correction 

based on SFA results (noise). When the companies had to allocate their costs to every cost driver in 

the model, the companies were only able to allocate 80% of their cost directly to the cost drivers. 

This could indicate lack of cost drivers in the model. Due to the model and the results from our 

analyses, we find some adjustments made by the Water Department acceptable.  

Overall, we believe that the Water Department does focus on safeguarding the consumers’ interest 

with the implementation of incentive-based regulation. It is in the societal interest to have firms 

operate efficiently and smoothly (firms not worrying about bankruptcy, equipment not working 

since maintenance wasn’t performed to lower the benchmarked OPEX, etc.). That being said and 

taking it into consideration, occasionally we think that the Water Department makes too many 

concessions and adjustments from a societal point of view, especially using only municipal firms on 

the frontier and the second-best firms as the frontier in DEA.  
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Therefore, we believe that if the Water Department groups similar firms together (municipal firms 

or private or Capital regional firms benchmarked together), then there could be fewer concessions.  

In conclusion, we understand that there are financial consequences placed on the regulated water 

firms based on the decisions of the Water Department’s benchmarking techniques.  However, 

regulation and benchmarking is complicated. Different aspects produce different results, but the 

purpose of these is for consumer’s gain, and this is possible with the Water Department’s approach. 

Since the regulation of the Danish water sector is fairly new, we have no doubt that after some years 

of experience, changes will be made; this could be in regard to the law (as the Water Department is 

limited to the law in many ways), regulation method and the benchmarking model. Overall, we hope 

that this thesis may provide some inspiration on the subject.  
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12 Appendices 

12.1 Frontier Graphs 

Below are shown the frontier graphs from R (Y is a linear combination of the three net volume 

measures, and X is FADO): 

Figure 18: The Frontier of the Water Companies under CRS 
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Figure 19: The Frontier of the Water Companies under VRS 

 

 

Figure 20: The Frontier of the Sewage Companies under CRS 
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Figure 21: The Frontier of the Sewage Companies under VRS 
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12.2 Economies of Scope 

Below are shown the distribution of efficiency potentials of the multi-product and single product 

water firms, when private companies are allowed on the frontier: 

 

12.3 Frontier Companies 

The table below contains the names of the frontier companies that are found under DRS, and 

furthermore the municipal frontier companies in the water industry. 
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Table 17: Frontier Companies 

The Water Industry The Sewage Industry 

DRS_p DRS_m CRS_m VRS_m DRS  

Helle Vest 
Vandværk 

Egedal 
Vandforsyning 

Egedal 
Vandforsyning 

Egedal 
Vandforsyning  

Guldborgsund Spildevand 

Hjerting 
Vandværk 

Hjørring 
Vandselskab 

Jammerbugt 
Forsyningen 

Hjørring 
Vandselskab 

KE Afløb 

Hjørring 
Vandselskab 

Horsens Vand  Horsens Vand Struer 
Spildevandsforsyning 

Horsens Vand Jammerbugt 
Forsyningen 

 Jammerbugt 
Forsyningen 

Århus Vand 

KE Vand KE Vand  KE Vand  

Nordenskov 
Vandværk 

Vandcenter Syd  Vandcenter Syd  

Vandcenter Syd   Vesthimmerlands 
Vand 

 

 1 

 

12.4 Company Information and Data 

The next pages will contain tables that shows used data, company information as well as results 

from DEA. 

 

The first table show the data used for the water companies, in DKK: 

Table 18: Used Data of the Water Companies in DKK 

Company DOiPL FADO NVM AC_NVM DC_NVM 

Albertslund Vand A/S 10,825,415  10,317,312  3,449,858  4,227,795  6,755,834  

AquaDjurs as 1,297,202  1,050,839  1,403,500  1,640,051  1,315,282  

Arwos Vand A/S 8,319,542  8,033,996  6,410,546  7,274,834  6,932,004  

Asnæs Vandværk Amba 1,502,997  1,304,549  1,950,451  2,246,534  1,968,254  

Assens Vandværk A/S 3,464,399  3,230,656  3,633,447  4,122,224  4,061,691  

Aulum Vandværk Amba 1,347,175  1,077,481  1,837,570  1,896,404  1,693,297  

Baunehøj Vandværk Amba 3,663,869  3,038,789  2,157,294  2,708,917  2,088,985  

Billund Drikkevand A/S 3,139,719  2,945,621  4,299,155  4,220,949  4,420,169  

Birkerød Vandforsyning Amba 6,687,497  6,750,132  5,066,043  6,251,265  7,059,948  

Bjerringbro Fællesvandværk 2,229,257  3,613,835  2,647,279  3,032,042  3,224,392  

Bjøvlund I/S 380,775  720,866  1,368,109  1,008,296  1,368,109  
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Company DOiPL FADO NVM AC_NVM DC_NVM 

Bogense Forsyningsselskab 
A.m.b.a 2,034,845  2,705,395  1,355,883  1,615,475  1,550,100  

Bolderslev Vandværk 589,059  546,474  701,730  694,429  602,788  

Bording Vandværk A.m.b.a 1,181,310  1,189,147  1,751,253  1,725,936  1,566,691  

Bornholms Vand A/S 9,517,282  8,761,030  9,430,356  10,402,100  8,760,345  

Borup Vandværk 1,170,280  1,436,990  1,467,038  1,479,846  1,402,353  

Brande Vandværk a.m.b.a. 3,101,913  2,678,126  4,205,951  4,807,091  3,913,406  

Branderup Vandværk 322,002  413,653  436,302  445,867  358,912  

Bredebro Andelsvandværk 529,246  409,620  293,889  319,553  0  

Brædstrup Vandværk Amba 1,435,417  1,422,762  1,529,059  1,688,223  1,712,516  

Brøndby Vandforsyning A/S 9,020,306  6,355,180  6,885,838  6,086,718  7,670,949  

Brønderslev Vand A/S 6,393,018  6,123,980  4,903,446  4,895,457  4,883,091  

Brørup Vandværk 1,427,989  1,368,579  1,983,304  1,964,930  2,251,055  

Christiansfeld Vandforsyning 
A/S 961,515  1,398,739  1,253,619  1,422,856  1,215,468  

Dianalund Vandværk 971,237  989,507  1,658,240  1,843,761  2,012,710  

Dragør Vand A/S 5,279,642  5,303,496  2,873,315  3,285,622  4,073,644  

Dronninglund Vandværk I/S 1,451,224  1,521,409  1,894,772  2,104,384  1,635,969  

Egedal Vandforsyning A/S 3,833,397  3,114,575  4,719,859  5,299,082  5,715,641  

Egå vandværk a.m.b.a 1,780,332  1,510,247  1,221,719  1,359,860  1,470,105  

Ejby Vandværk 949,276  1,047,210  1,365,455  1,564,723  1,466,246  

Energi Viborg Vand A/S 16,328,970  18,293,521  13,306,407  14,781,230  14,433,621  

Esbjerg Vand A/S 31,199,745  33,110,136  34,531,509  35,724,184  41,221,509  

Fanø Vand A/S 2,952,676  3,682,430  1,759,498  1,476,984  1,904,565  

Farsø Vandværk I/S 759,267  837,172  1,129,332  1,302,908  1,398,309  

Faxe Vandforsyning A/S 3,920,871  5,958,515  3,846,084  4,672,135  4,140,239  

Faxe Vandværk Smba 2,307,860  3,151,808  1,299,858  1,608,107  1,288,492  

Fensmark Vandværk A.m.b.a 1,088,334  1,609,211  1,257,807  1,366,737  1,588,804  

FFV Vand A/S 4,348,102  4,632,164  3,136,279  3,474,743  3,308,488  

Fjerritslev Vand Amba 719,513  1,561,991  1,250,404  1,371,546  1,456,640  

Fonden Djurs Vand 2,778,720  3,087,160  2,258,286  2,526,493  2,371,895  

Fredensborg Vand A/S 11,002,553  11,067,148  5,909,666  7,020,229  7,161,227  

Frederiksberg Vand A/S 30,439,226  27,934,992  24,361,686  41,016,852  27,104,607  

Frederiksberg Vandværk 1,188,441  1,687,107  1,376,151  1,688,756  1,439,816  

Frederikshavn Vand A/S 30,447,990  26,565,804  25,455,027  28,190,217  25,894,064  

Frederiksund Vand 10,260,670  9,417,819  9,701,513  11,661,039  11,395,295  

Furesø Vandforsyning a.m.b.a. 8,836,517  8,314,269  11,230,694  13,167,493  14,872,809  

Galten Vandværk 1,594,957  1,683,645  1,834,670  1,833,022  1,895,456  

Gentofte Vand A/S 20,454,814  19,368,966  18,626,145  31,087,002  25,563,827  

Gilleleje Vandværk a.m.b.a. 4,190,533  4,399,235  3,251,511  3,426,868  3,623,944  
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Company DOiPL FADO NVM AC_NVM DC_NVM 

Give Vandværk A.m.b.a 2,396,513  2,629,044  1,617,283  1,646,584  1,920,561  

Gl. Hørning Vandværk 1,258,225  1,192,317  1,453,154  1,632,614  1,788,098  

Gladsaxe Vand A/S 17,580,323  14,949,835  13,280,506  18,539,505  18,265,870  

Glamsbjerg Vandværk 716,880  901,128  1,045,756  1,035,987  1,330,382  

Glostrup Vand a/s 9,121,268  8,405,617  5,895,674  6,714,956  7,372,556  

Gram Vandværk 928,849  672,943  1,327,493  1,307,518  1,361,478  

Grenaa & Anholt Vandforsyning  6,855,675  6,561,601  6,590,607  7,676,984  7,003,942  

Greve Vandværk A.m.b.a. 12,200,493  15,947,381  12,109,787  14,522,438  15,281,144  

Grindsted Vandværk A.m.b.a. 4,056,718  4,255,967  5,056,533  5,187,313  4,787,493  

Guldborgsund Vand A/S 8,858,537  8,776,128  8,190,579  10,315,405  10,208,942  

Haderslev Vand A/S 12,864,704  11,383,595  9,877,728  11,110,316  10,822,795  

Hadsten Vandværk A.M.B.A 1,399,573  1,668,440  1,943,284  1,982,309  2,298,482  

Hadsund Vandværk a.m.b.a. 2,616,834  2,536,894  1,781,027  1,750,758  2,030,546  

Halsnaes Forsyning A/S 5,382,068  5,765,666  3,952,148  4,869,858  4,445,127  

Halsnæs Vandforsyning a.m.b.a. 6,110,904  4,326,874  3,401,909  4,069,923  3,897,586  

Hammel Vandværk amba 2,070,594  1,745,244  2,586,171  2,812,063  2,804,795  

Hammerum Vandværk 1,323,763  1,426,639  1,467,800  1,362,365  1,522,623  

Hasselager-Kolt Vandværk 
A.M.B.A. 1,539,404  1,963,577  1,643,254  1,732,041  2,225,315  

Hedensted Vandværk 2,014,647  2,210,918  2,439,437  2,426,316  2,755,525  

Helle Vest Vandværk 1,053,407  850,268  2,231,891  2,500,513  1,853,576  

Helsinge Vandværk 5,280,544  5,605,306  2,588,613  3,078,341  2,619,729  

Helsingør Vandforsyning 22,336,912  23,320,689  23,397,555  23,972,656  30,102,153  

Herlev Vand A/S 9,116,383  8,462,751  4,311,828  5,558,872  6,086,871  

Herning Vand A/S 14,459,970  14,204,651  19,487,972  19,913,668  19,762,485  

Hillerød Vand A/S 9,908,954  8,600,768  6,423,687  7,581,184  7,763,611  

Hinnerup Vandværk I/S 1,568,504  2,025,407  2,161,602  2,268,572  2,582,681  

Hjallerup Vandforsyning 900,473  1,046,920  1,579,800  1,578,829  1,457,563  

Hjerting Vandværk Amba 1,711,582  1,840,236  4,595,951  3,949,019  6,002,662  

Hjørring Vandselskab A/S 16,441,071  12,244,764  19,261,177  21,355,995  19,666,170  

Holbæk Vand A/S 10,067,099  11,091,843  9,459,991  10,410,013  12,212,181  

Hornbæk Vandværk, a.m.b.a. 2,187,527  3,168,273  1,385,170  1,427,408  2,379,014  

Hornslet Vandværk 1,166,467  1,086,678  1,285,326  1,552,712  1,607,983  

Horsens Vand A/S 18,694,365  15,566,550  21,981,768  28,693,291  23,066,169  

HTK Vand A/S 10,778,050  7,609,252  8,438,303  9,743,669  10,906,739  

Hurup Vandværk 1,773,681  1,863,230  2,293,712  2,551,114  2,158,715  

Hvidovre Vand A/S 12,318,872  9,188,630  7,551,832  10,095,207  9,996,082  

Hæstrup Vandværk I/S 559,568  735,003  1,139,945  1,530,980  935,670  

Høng Vandværk 1,554,489  1,648,567  1,652,919  1,940,320  1,612,408  

Hørsholm Vand ApS 8,176,203  4,602,612  4,637,822  5,384,775  6,298,165  
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Haarby Vandværk 1,335,690  1,354,504  2,191,236  2,556,411  2,154,330  

Haarlev Vandværk 1,518,559  1,538,241  1,443,302  1,524,420  1,340,260  

Ikast Vandforsyning A.m.b.A 5,245,710  4,852,851  5,710,760  5,911,371  6,519,516  

Ishøj Vand A/S 6,949,403  9,517,556  2,813,464  3,518,498  3,887,868  

Jammerbugt Forsyning A/S 884,219  605,622  1,272,059  1,487,094  1,034,080  

Jyllinge Vandværk Amba 2,409,074  2,290,523  1,333,674  1,601,684  1,745,900  

Kalundborg Overfladevand A/S 5,463,629  4,886,746  4,600,796  3,659,591  4,600,796  

Kalundborg Vandforsyning A/S 8,459,983  7,562,707  7,557,171  8,106,089  6,800,043  

KE Vand A/S 197,514,529  188,266,378  192,541,055  299,618,535  217,822,771  

Kerteminde Vand A/S 6,692,551  6,697,966  5,201,867  6,226,371  6,536,979  

Klemensker Vandværk 1,016,178  1,018,299  815,443  883,021  691,680  

Klinting Vandværk 2,194,933  1,956,770  1,623,300  1,966,788  1,735,224  

Kvarmløse-Tølløse Vandværk 1,206,696  1,943,265  1,561,715  1,653,628  1,529,930  

Køge Vand A/S 14,052,150  12,279,076  9,154,047  9,545,815  9,999,212  

Langeland Vand ApS 4,929,663  4,795,584  5,339,665  6,217,668  5,446,446  

Langeskov Vandværk 1,252,738  1,209,283  1,943,059  2,093,708  2,093,346  

Lejre Vand A/S 1,345,328  966,135  1,077,124  1,260,839  1,087,585  

Lemvig Vand og Spildevand 
A/S 8,025,289  6,933,444  10,571,172  11,283,414  9,415,557  

Lille Næstved Vandværk 1,122,164  1,100,491  1,305,109  1,707,847  1,746,349  

Lillerød Andelsvandværk 
a.m.b.a. 3,752,418  3,862,754  4,014,520  4,148,258  5,383,979  

Lindholm Vandværk 2,092,468  1,565,426  2,443,105  2,905,760  2,523,520  

Ll. Skensved Vandværk 823,989  874,331  1,433,588  1,622,272  1,452,916  

Lolland Vand A/S 17,571,972  18,258,558  14,958,275  18,130,788  14,642,370  

Lyngby-Taarbæk Vand A/S 18,841,014  17,054,016  13,488,189  22,399,452  18,243,104  

Læsø Vand A/S 2,326,080  1,773,837  1,949,604  2,340,809  1,752,030  

Løgstør Vand Amba 1,511,208  1,707,258  2,090,813  2,256,664  2,117,615  

Løgten Skødstrup Vandværk 1,527,771  3,818,837  1,375,311  1,522,531  1,772,742  

Løkken Vandværk 1,487,693  1,648,437  1,596,595  1,690,325  2,048,281  

Mariager Vand Amba 748,447  627,824  962,134  968,403  917,284  

Mariagerfjord Vand a/s 7,009,334  5,905,566  5,417,744  6,073,641  5,357,130  

Marielyst Vandværk 2,704,099  2,643,235  2,735,259  3,071,467  3,200,070  

Midtfyns Vandforsyning 
A.m.b.A. 5,253,186  5,529,669  7,314,696  7,822,994  6,856,494  

Morsø Forsyning Vand 3,942,987  3,277,124  3,437,084  4,027,599  4,070,320  

Mørkøv Vandværk 716,462  2,063,268  1,008,503  1,051,573  1,048,769  

Mårslet Vandværk 1,274,537  787,669  1,207,879  1,294,311  1,576,390  

NFS Vand A/S 6,729,744  7,734,539  6,263,915  7,819,379  7,919,967  

NK-Vand A/S 15,152,942  16,508,337  14,662,965  17,232,317  15,954,966  

Nordenskov Vandværk 817,765  427,170  1,184,116  1,293,103  961,936  
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Nr. Uttrup Vandværk 685,773  943,758  1,101,446  1,276,412  1,221,044  

Nybrovejens Vandværk 2,692,605  2,755,805  1,935,107  2,157,087  2,145,611  

Nyhuse Vandværk 1,976,771  2,803,187  1,197,634  1,473,670  1,554,080  

Næsby Vandværk 2,859,585  2,423,779  2,442,908  2,766,187  3,406,133  

Nørre Alslev Vandværk 1,299,280  939,665  1,442,232  1,598,919  1,355,008  

Odder Vandværk A.m.b.a. 5,054,113  5,573,365  4,376,387  4,876,227  4,606,726  

Odsherred Vand A/S 4,441,809  4,746,757  3,361,370  4,426,486  3,917,358  

Otterup Vandværk 1,906,759  1,660,817  1,661,398  1,774,613  1,872,794  

Outrup Vandværk I/S 970,063  980,130  1,343,679  1,368,159  1,146,780  

Oxby Og Ho Vandværk a.m.b.a. 1,457,735  2,744,726  1,594,673  1,877,148  1,705,446  

Padborg Vandværk A.m.b.a 2,448,182  2,232,458  3,088,109  3,035,775  2,762,170  

Pandrup Vandværk 1,109,208  738,428  1,172,897  1,486,231  1,129,778  

Randers Spildevand A/S 1,757,851  1,640,454  1,539,915  1,697,718  1,479,924  

Rebild Vand & Spildevand A/S 7,507  53,835  27,838  25,527  23,563  

Ringkøbing-Skjern Vand A/S 14,368,525  14,854,881  19,105,869  21,410,712  18,647,707  

Ringsted Vand A/S 9,045,588  7,670,629  8,205,705  10,098,743  7,761,052  

Roskilde Vand A/S 19,237,243  16,321,264  20,471,783  25,767,180  23,986,473  

Rudersdal Forsyning A/S 9,645,027  8,860,072  7,486,259  10,461,302  9,805,433  

Ry Vandværk 1,519,574  1,843,544  1,377,797  1,358,316  1,723,437  

Rødding Vandværk 1,626,912  1,500,884  1,293,344  1,346,512  1,269,909  

Rødovre Vand 8,919,339  11,112,333  7,275,239  11,099,859  10,592,960  

Rønne Vand A/S 7,538,749  7,060,766  5,030,552  5,745,556  6,129,888  

Sdr. Felding Vandværk 569,131  531,192  1,186,959  1,235,056  1,020,373  

Silkeborg Vand a/s 11,569,773  14,139,000  16,069,579  16,586,296  17,743,838  

Sindal Vandværk Amba 1,889,752  1,651,859  2,159,468  2,556,246  2,074,578  

Sjælsø Vand A/S 14,101,993  14,044,678  15,170,473  21,753,235  15,170,473  

SK Vand A/S 27,819,567  24,327,407  21,948,368  23,409,438  24,175,839  

Skanderborg 
Forsyningsvirksomhed A/S 5,606,036  6,105,726  6,941,570  7,573,423  7,740,519  

Skive Vandforsyning A/S 11,906,642  10,800,338  14,243,759  15,996,123  13,898,583  

Skærbæk Vandværk 1,435,365  1,435,145  2,222,943  2,253,846  2,492,142  

Snejbjerg Vandværk I/S 1,303,421  1,220,765  1,095,024  1,228,179  1,077,373  

Solrød Vandværk a.m.b.a. 3,658,207  4,454,635  6,290,786  7,491,367  8,423,113  

Sorø Vand A/S 3,390,513  3,605,924  3,188,242  3,984,921  2,838,776  

Stenlien Vandværk Amba 796,766  1,055,188  877,825  504,750  877,825  

Stenløse Vandværk 1,451,605  1,645,479  1,331,273  1,437,747  1,634,710  

Struer Forsyning Vand A/S 4,931,562  4,576,693  5,354,468  5,450,365  5,247,830  

Strømmen Vandværk 1,049,471  1,130,257  1,442,708  1,679,617  1,954,573  

Støvring Vandværk 1,361,102  1,413,744  1,885,893  1,828,594  2,550,331  

Sunds Vand- og Varmeværk 1,074,261  1,301,891  1,069,733  1,119,434  1,094,164  
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Svendborg Vand A/S 14,109,231  15,941,748  14,149,099  14,789,204  16,088,164  

Svinninge Vandværk 1,659,588  1,390,411  1,720,022  1,948,984  1,738,615  

Sydals Øst Vandforsyning 1,646,539  1,457,433  1,264,649  1,474,070  1,204,200  

Sønderborg Vandforsyning A/S 13,551,316  12,987,219  10,863,751  12,644,582  13,595,620  

Tarup Vandværk 2,095,148  1,497,129  1,513,010  1,941,142  2,319,721  

Thisted Drikkevand A/S 17,596,779  13,308,015  17,306,085  19,348,322  15,095,815  

Tinglev Vandværk 1,276,917  1,456,111  1,762,899  1,746,325  1,664,101  

TRE-FOR Vand A/S 54,027,751  54,088,032  57,555,122  66,325,089  66,663,685  

Tønder Vand A/S 7,064,576  7,718,136  8,325,465  9,565,537  7,881,721  

Tårnby Forsyning Vand 10,412,744  8,052,047  8,664,290  11,301,560  12,083,063  

Tårs Vandværk Amba 1,132,864  1,235,038  1,491,911  1,270,002  1,357,189  

Ulfborg Vandværk AMBA 986,038  1,138,528  1,233,504  1,278,362  1,053,153  

Ulsted-Aalebæk Vandværk 1,971,577  2,175,673  2,503,863  2,880,506  2,462,196  

Vallensbæk Vandforsyning A/S 3,694,332  3,628,355  1,126,047  1,301,676  1,526,576  

Vamdrup Vandværk 1,540,219  1,460,697  1,801,347  1,907,507  1,736,476  

Vand Ballerup A/S 18,452,337  19,934,593  12,434,294  13,717,144  15,152,202  

VandCenter Syd a/s 51,756,734  46,886,562  54,718,389  57,451,466  75,033,871  

Vandforsyningen Brovst og 
Omegn 648,895  683,047  709,025  705,579  709,025  

Vandforsyningen Østlolland 
a.m.b.a. 1,336,310  1,039,423  1,545,366  1,416,627  1,445,539  

Vandfællesskabet 
Nordvestsjælland a.m.b.a. 4,382,277  1,781,758  479,403  275,657  341,126  

Vandværket Lyngen 2,333,645  2,473,596  1,493,569  1,646,284  1,890,074  

Varde Vandforsyning A/S 7,752,562  7,189,261  8,948,435  8,804,437  8,441,416  

Vejen Forsyning A/S 2,716,432  3,853,968  2,252,560  2,383,048  2,447,232  

Vejgaard Vandværk 2,540,214  2,328,873  3,350,875  4,234,416  4,561,625  

Vemb Vandværk 550,582  543,773  1,017,697  1,125,082  925,169  

Verdo Vand A/S 11,145,546  12,079,924  14,817,761  15,740,523  16,853,415  

Vestforsyning Vand A/S 14,363,377  15,152,130  21,598,551  23,332,293  19,954,770  

Vesthimmerlands Vand A/S 574,247  444,925  633,546  749,683  623,749  

Videbæk Vand A/S  2,177,393  1,500,581  2,676,615  2,609,070  2,466,889  

Vildbjerg Vandværk 1,972,812  1,894,168  2,786,046  2,883,701  2,521,144  

Vodskov Vandværk 1,275,105  1,043,781  1,102,125  1,255,810  1,107,819  

Vordingborg Vand A/S 8,058,667  8,275,866  6,161,515  7,271,795  7,643,456  

Vrå Vandværk 1,315,621  1,518,571  1,061,248  1,417,114  1,162,825  

Ærø Vand A/S 2,402,647  2,655,153  1,238,173  1,245,279  1,609,828  

Ølgod Vandværk Amba 1,641,624  2,898,110  2,723,488  2,863,903  2,519,963  

Ørbæk vandværk 968,969  1,076,637  1,026,546  1,062,198  1,119,173  

Ørslev Vandværk 934,825  969,010  1,223,744  1,400,762  1,196,470  

Østvendsyssel 257,603  293,373  393,317  271,467  393,317  
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Råvandsforsyningsselskab I/S 

Aabybro Vand A.m.b.a. 2,043,909  1,514,001  2,277,078  2,626,563  2,263,744  

Aalborg Forsyning, Vand A/S 34,292,795  33,195,611  33,113,886  38,709,904  37,815,567  

Aalestrup Vand a.m.b.a. 1,423,645  1,276,163  974,044  990,464  1,139,832  

Aarhus Vand A/S 95,845,777  84,944,583  87,113,145  95,512,137  110,846,487  

Aars Vand 5,021,959  4,669,452  2,709,175  3,021,998  3,446,051  

 

The following table contains information on; ownership (P stands for private ownership, and M for 

municipal), regional placement and firm size. 

Table 19: Water Company Information 

Company Ownership Region Size 

Albertslund Vand A/S M Capital Medium 

AquaDjurs as M Mid Jutland Very Small 

Arwos Vand A/S M South Denmark Small 

Asnæs Vandværk Amba P Zealand Very Small 

Assens Vandværk A/S M Mid Jutland Very Small 

Aulum Vandværk Amba P Mid Jutland Very Small 

Baunehøj Vandværk Amba P Capital Very Small 

Billund Drikkevand A/S M South Denmark Very Small 

Birkerød Vandforsyning Amba P Capital Small 

Bjerringbro Fællesvandværk P Mid Jutland Very Small 

Bjøvlund I/S P South Denmark Very Small 

Bogense Forsyningsselskab A.m.b.a P South Denmark Very Small 

Bolderslev Vandværk P South Denmark Very Small 

Bording Vandværk A.m.b.a P Mid Jutland Very Small 

Bornholms Vand A/S M Capital Small 

Borup Vandværk P Zealand Very Small 

Brande Vandværk a.m.b.a. P South Denmark Very Small 

Branderup Vandværk P South Denmark Very Small 

Bredebro Andelsvandværk P South Denmark Very Small 

Brædstrup Vandværk Amba P Mid Jutland Very Small 

Brøndby Vandforsyning A/S M Capital Small 

Brønderslev Vand A/S M North Jutland Small 

Brørup Vandværk P South Denmark Very Small 

Christiansfeld Vandforsyning A/S M South Denmark Very Small 

Dianalund Vandværk P Zealand Very Small 

Dragør Vand A/S M Capital Small 

Dronninglund Vandværk I/S P North Jutland Very Small 
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Egedal Vandforsyning A/S M Capital Very Small 

Egå vandværk a.m.b.a P Mid Jutland Very Small 

Ejby Vandværk P Zealand Very Small 

Energi Viborg Vand A/S M Mid Jutland Medium 

Esbjerg Vand A/S M South Denmark Large 

Fanø Vand A/S M South Denmark Very Small 

Farsø Vandværk I/S P North Jutland Very Small 

Faxe Vandforsyning A/S M Zealand Small 

Faxe Vandværk Smba P Zealand Very Small 

Fensmark Vandværk A.m.b.a P Zealand Very Small 

FFV Vand A/S M South Denmark Very Small 

Fjerritslev Vand Amba P North Jutland Very Small 

Fonden Djurs Vand P Mid Jutland Very Small 

Fredensborg Vand A/S M Capital Medium 

Frederiksberg Vand A/S M Capital Large 

Frederiksberg Vandværk P Capital Very Small 

Frederikshavn Vand A/S M North Jutland Large 

Frederiksund Vand M Capital Small 

Furesø Vandforsyning a.m.b.a. P Capital Small 

Galten Vandværk P Mid Jutland Very Small 

Gentofte Vand A/S M Capital Medium 

Gilleleje Vandværk a.m.b.a. P Capital Very Small 

Give Vandværk A.m.b.a P Mid Jutland Very Small 

Gl. Hørning Vandværk P Mid Jutland Very Small 

Gladsaxe Vand A/S M Capital Medium 

Glamsbjerg Vandværk P South Denmark Very Small 

Glostrup Vand a/s M Capital Small 

Gram Vandværk P South Denmark Very Small 

Grenaa & Anholt Vandforsyning  P Mid Jutland Small 

Greve Vandværk A.m.b.a. P Zealand Medium 

Grindsted Vandværk A.m.b.a. P South Denmark Very Small 

Guldborgsund Vand A/S M Zealand Small 

Haderslev Vand A/S M South Denmark Medium 

Hadsten Vandværk A.M.B.A P Mid Jutland Very Small 

Hadsund Vandværk a.m.b.a. P North Jutland Very Small 

Halsnaes Forsyning A/S M Capital Small 

Halsnæs Vandforsyning a.m.b.a. P Capital Very Small 

Hammel Vandværk amba P Mid Jutland Very Small 

Hammerum Vandværk P Mid Jutland Very Small 

Hasselager-Kolt Vandværk A.M.B.A. P Mid Jutland Very Small 
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Hedensted Vandværk P Mid Jutland Very Small 

Helle Vest Vandværk P South Denmark Very Small 

Helsinge Vandværk P Capital Small 

Helsingør Vandforsyning M Capital Large 

Herlev Vand A/S M Capital Small 

Herning Vand A/S M Mid Jutland Medium 

Hillerød Vand A/S M Capital Small 

Hinnerup Vandværk I/S P Mid Jutland Very Small 

Hjallerup Vandforsyning P North Jutland Very Small 

Hjerting Vandværk Amba P South Denmark Very Small 

Hjørring Vandselskab A/S M North Jutland Medium 

Holbæk Vand A/S M Zealand Medium 

Hornbæk Vandværk, a.m.b.a. P Capital Very Small 

Hornslet Vandværk P Mid Jutland Very Small 

Horsens Vand A/S M Mid Jutland Medium 

HTK Vand A/S M Capital Small 

Hurup Vandværk P North Jutland Very Small 

Hvidovre Vand A/S M Capital Small 

Hæstrup Vandværk I/S P North Jutland Very Small 

Høng Vandværk P Zealand Very Small 

Hørsholm Vand ApS M Capital Very Small 

Haarby Vandværk P South Denmark Very Small 

Haarlev Vandværk P Zealand Very Small 

Ikast Vandforsyning A.m.b.A P Mid Jutland Very Small 

Ishøj Vand A/S M Capital Small 

Jammerbugt Forsyning A/S M North Jutland Very Small 

Jyllinge Vandværk Amba P Zealand Very Small 

Kalundborg Overfladevand A/S M Capital Very Small 

Kalundborg Vandforsyning A/S M Capital Small 

KE Vand A/S M Capital Very Large 

Kerteminde Vand A/S M South Denmark Small 

Klemensker Vandværk P Capital Very Small 

Klinting Vandværk P Mid Jutland Very Small 

Kvarmløse-Tølløse Vandværk P Zealand Very Small 

Køge Vand A/S M Zealand Medium 

Langeland Vand ApS M South Denmark Very Small 

Langeskov Vandværk P South Denmark Very Small 

Lejre Vand A/S M Zealand Very Small 

Lemvig Vand og Spildevand A/S M Mid Jutland Small 

Lille Næstved Vandværk P Zealand Very Small 
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Lillerød Andelsvandværk a.m.b.a. P Capital Very Small 

Lindholm Vandværk P North Jutland Very Small 

Ll. Skensved Vandværk P Zealand Very Small 

Lolland Vand A/S M Zealand Medium 

Lyngby-Taarbæk Vand A/S M Capital Medium 

Læsø Vand A/S M North Jutland Very Small 

Løgstør Vand Amba P North Jutland Very Small 

Løgten Skødstrup Vandværk P Mid Jutland Very Small 

Løkken Vandværk P North Jutland Very Small 

Mariager Vand Amba P North Jutland Small 

Mariagerfjord Vand a/s M North Jutland Very Small 

Marielyst Vandværk P Zealand Very Small 

Midtfyns Vandforsyning A.m.b.A. P South Denmark Small 

Morsø Forsyning Vand M North Jutland Very Small 

Mørkøv Vandværk P Zealand Very Small 

Mårslet Vandværk P Mid Jutland Very Small 

NFS Vand A/S M South Denmark Small 

NK-Vand A/S M Zealand Medium 

Nordenskov Vandværk P South Denmark Very Small 

Nr. Uttrup Vandværk P North Jutland Very Small 

Nybrovejens Vandværk P Capital Very Small 

Nyhuse Vandværk P Capital Very Small 

Næsby Vandværk P South Denmark Very Small 

Nørre Alslev Vandværk P Zealand Very Small 

Odder Vandværk A.m.b.a. P Mid Jutland Small 

Odsherred Vand A/S M Zealand Very Small 

Otterup Vandværk P South Denmark Very Small 

Outrup Vandværk I/S P South Denmark Very Small 

Oxby Og Ho Vandværk a.m.b.a. P South Denmark Very Small 

Padborg Vandværk A.m.b.a P South Denmark Very Small 

Pandrup Vandværk P North Jutland Very Small 

Randers Spildevand A/S M Mid Jutland Very Small 

Rebild Vand & Spildevand A/S M North Jutland Very Small 

Ringkøbing-Skjern Vand A/S M Mid Jutland Medium 

Ringsted Vand A/S M Zealand Small 

Roskilde Vand A/S M Capital Medium 

Rudersdal Forsyning A/S M Capital Small 

Ry Vandværk P Mid Jutland Very Small 

Rødding Vandværk P South Denmark Very Small 

Rødovre Vand M Capital Medium 
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Rønne Vand A/S M Capital Small 

Sdr. Felding Vandværk P Mid Jutland Very Small 

Silkeborg Vand a/s M Mid Jutland Medium 

Sindal Vandværk Amba P North Jutland Very Small 

Sjælsø Vand A/S M Capital Medium 

SK Vand A/S M Zealand Large 

Skanderborg Forsyningsvirksomhed A/S M Mid Jutland Small 

Skive Vandforsyning A/S M Mid Jutland Medium 

Skærbæk Vandværk P South Denmark Very Small 

Snejbjerg Vandværk I/S P Mid Jutland Very Small 

Solrød Vandværk a.m.b.a. P Zealand Very Small 

Sorø Vand A/S M Zealand Very Small 

Stenlien Vandværk Amba P Capital Very Small 

Stenløse Vandværk P Capital Very Small 

Struer Forsyning Vand A/S M Mid Jutland Very Small 

Strømmen Vandværk P Mid Jutland Very Small 

Støvring Vandværk P North Jutland Very Small 

Sunds Vand- og Varmeværk P Mid Jutland Very Small 

Svendborg Vand A/S M South Denmark Medium 

Svinninge Vandværk P Zealand Very Small 

Sydals Øst Vandforsyning P South Denmark Very Small 

Sønderborg Vandforsyning A/S M South Denmark Medium 

Tarup Vandværk P South Denmark Very Small 

Thisted Drikkevand A/S M North Jutland Medium 

Tinglev Vandværk P South Denmark Very Small 

TRE-FOR Vand A/S M South Denmark Large 

Tønder Vand A/S M South Denmark Small 

Tårnby Forsyning Vand M Capital Small 

Tårs Vandværk Amba P North Jutland Very Small 

Ulfborg Vandværk AMBA P Mid Jutland Very Small 

Ulsted-Aalebæk Vandværk P North Jutland Very Small 

Vallensbæk Vandforsyning A/S M Capital Very Small 

Vamdrup Vandværk P South Denmark Very Small 

Vand Ballerup A/S M Capital Medium 

VandCenter Syd a/s M South Denmark Large 

Vandforsyningen Brovst og Omegn P North Jutland Very Small 

Vandforsyningen Østlolland a.m.b.a. P Zealand Very Small 

Vandfællesskabet Nordvestsjælland a.m.b.a. P Zealand Very Small 

Vandværket Lyngen P Zealand Very Small 

Varde Vandforsyning A/S M South Denmark Small 
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Vejen Forsyning A/S M South Denmark Very Small 

Vejgaard Vandværk P North Jutland Very Small 

Vemb Vandværk P Mid Jutland Very Small 

Verdo Vand A/S M Mid Jutland Medium 

Vestforsyning Vand A/S M Mid Jutland Medium 

Vesthimmerlands Vand A/S M North Jutland Very Small 

Videbæk Vand A/S  P Mid Jutland Very Small 

Vildbjerg Vandværk P Mid Jutland Very Small 

Vodskov Vandværk P North Jutland Very Small 

Vordingborg Vand A/S M Zealand Small 

Vrå Vandværk P North Jutland Very Small 

Ærø Vand A/S M South Denmark Very Small 

Ølgod Vandværk Amba P South Denmark Very Small 

Ørbæk vandværk P South Denmark Very Small 

Ørslev Vandværk P Zealand Very Small 

Østvendsyssel Råvandsforsyningsselskab I/S P North Jutland Very Small 

Aabybro Vand A.m.b.a. P North Jutland Very Small 

Aalborg Forsyning, Vand A/S M North Jutland Large 

Aalestrup Vand a.m.b.a. P Mid Jutland Very Small 

Aarhus Vand A/S M Mid Jutland Very Large 

Aars Vand P North Jutland Very Small 

 

In the following table present efficiency potentials when private companies are allowed on the 

frontier (hence the _p’s). The star (*) is an indication that these efficiency potentials are achieved by 

using the second band as the efficient frontier. 

Table 20: Efficiency Potentials of the Water Companies  

Company DRS_p CRS_p VRS_p CRS_p* VRS_p* 

Albertslund Vand A/S 0.7846 0.8087 0.7846 0.7137 0.6733 

AquaDjurs as 0.5652 0.5695 0.5652 0.5349 0.4415 

Arwos Vand A/S 0.5657 0.6792 0.5657 0.6178 0.4823 

Asnæs Vandværk Amba 0.4620 0.4717 0.4620 0.3993 0.2658 

Assens Vandværk A/S 0.4763 0.5567 0.4763 0.4622 0.3309 

Aulum Vandværk Amba 0.4849 0.4960 0.4849 0.4234 0.2804 

Baunehøj Vandværk Amba 0.7349 0.7522 0.7349 0.7385 0.6265 

Billund Drikkevand A/S 0.3874 0.4823 0.3874 0.3542 0.1425 



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 145 – 
  

Company DRS_p CRS_p VRS_p CRS_p* VRS_p* 

Birkerød Vandforsyning Amba 0.5385 0.6282 0.5385 0.5157 0.4461 

Bjerringbro Fællesvandværk 0.4597 0.4747 0.4597 0.3365 0.2470 

Bjøvlund I/S 0.0000 0.0000 0.0000 0.0000 0.0000 

Bogense Forsyningsselskab A.m.b.a 0.7076 0.7078 0.7076 0.6506 0.6134 

Bolderslev Vandværk 0.5658 0.5658 0.4079 0.5306 0.2271 

Bording Vandværk A.m.b.a 0.4428 0.4554 0.4428 0.3916 0.2395 

Bornholms Vand A/S 0.4208 0.6202 0.4208 0.5778 0.3336 

Borup Vandværk 0.5333 0.5333 0.5295 0.4503 0.3690 

Brande Vandværk a.m.b.a. 0.2976 0.4690 0.2976 0.4213 0.1366 

Branderup Vandværk 0.5101 0.5101 0.0180 0.4838 0.0000 

Bredebro Andelsvandværk 0.7997 0.7997 0.4338 0.7885 0.2260 

Brædstrup Vandværk Amba 0.5559 0.5559 0.5558 0.4527 0.4033 

Brøndby Vandforsyning A/S 0.6159 0.7061 0.6159 0.6099 0.4861 

Brønderslev Vand A/S 0.6378 0.7120 0.6378 0.6496 0.5153 

Brørup Vandværk 0.4488 0.4488 0.4478 0.2769 0.1881 

Christiansfeld Vandforsyning A/S 0.4826 0.4826 0.4818 0.4201 0.3380 

Dianalund Vandværk 0.2575 0.2575 0.2569 0.0494 0.0000 

Dragør Vand A/S 0.7376 0.7405 0.7376 0.6461 0.6075 

Dronninglund Vandværk I/S 0.5017 0.5125 0.5017 0.4829 0.2940 

Egedal Vandforsyning A/S 0.3434 0.4625 0.3434 0.3160 0.1875 

Egå vandværk a.m.b.a 0.7027 0.7027 0.6800 0.6212 0.5924 

Ejby Vandværk 0.3996 0.3998 0.3996 0.2915 0.2119 

Energi Viborg Vand A/S 0.4928 0.6642 0.4928 0.5945 0.4234 

Esbjerg Vand A/S 0.1294 0.5397 0.1294 0.3939 0.0276 

Fanø Vand A/S 0.7721 0.7721 0.7658 0.7041 0.6678 

Farsø Vandværk I/S 0.3344 0.3344 0.2763 0.1552 0.0901 

Faxe Vandforsyning A/S 0.4640 0.5767 0.4640 0.5156 0.3377 

Faxe Vandværk Smba 0.7607 0.7628 0.7607 0.7439 0.6931 

Fensmark Vandværk A.m.b.a 0.4933 0.4933 0.4460 0.3303 0.2801 

FFV Vand A/S 0.6695 0.7069 0.6695 0.6510 0.5569 

Fjerritslev Vand Amba 0.2643 0.2643 0.2136 0.0713 0.0004 
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Fonden Djurs Vand 0.6626 0.6687 0.6626 0.6084 0.5268 

Fredensborg Vand A/S 0.6831 0.7584 0.6831 0.7014 0.6243 

Frederiksberg Vand A/S 0.2305 0.5549 0.2305 0.5418 0.0823 

Frederiksberg Vandværk 0.4994 0.5036 0.4994 0.4443 0.3506 

Frederikshavn Vand A/S 0.3980 0.6659 0.3980 0.6099 0.3566 

Frederiksund Vand 0.4004 0.5782 0.4004 0.4906 0.3025 

Furesø Vandforsyning a.m.b.a. 0.0788 0.4073 0.0788 0.2279 0.0591 

Galten Vandværk 0.5610 0.5621 0.5610 0.4549 0.3677 

Gentofte Vand A/S 0.1486 0.4771 0.1486 0.4267 0.0531 

Gilleleje Vandværk a.m.b.a. 0.6585 0.6850 0.6585 0.6033 0.5205 

Give Vandværk A.m.b.a 0.7223 0.7223 0.7096 0.6324 0.6052 

Gl. Hørning Vandværk 0.4917 0.4917 0.4764 0.3481 0.3003 

Gladsaxe Vand A/S 0.3770 0.6071 0.3770 0.5234 0.3370 

Glamsbjerg Vandværk 0.3861 0.3861 0.2600 0.1487 0.0793 

Glostrup Vand a/s 0.6335 0.7113 0.6335 0.6292 0.5560 

Gram Vandværk 0.4599 0.4599 0.4195 0.3276 0.2755 

Grenaa & Anholt Vandforsyning  0.4425 0.5971 0.4425 0.5314 0.3357 

Greve Vandværk A.m.b.a. 0.2924 0.5426 0.2924 0.4255 0.2522 

Grindsted Vandværk A.m.b.a. 0.3910 0.5369 0.3910 0.4586 0.2184 

Guldborgsund Vand A/S 0.3948 0.5653 0.3948 0.4714 0.2938 

Haderslev Vand A/S 0.5422 0.6800 0.5422 0.6141 0.4671 

Hadsten Vandværk A.M.B.A 0.4292 0.4292 0.4271 0.2467 0.1685 

Hadsund Vandværk a.m.b.a. 0.7304 0.7304 0.7223 0.6441 0.6076 

Halsnaes Forsyning A/S 0.5873 0.6744 0.5873 0.6211 0.4938 

Halsnæs Vandforsyning a.m.b.a. 0.7091 0.7551 0.7091 0.7074 0.6349 

Hammel Vandværk amba 0.4821 0.4912 0.4821 0.3786 0.2563 

Hammerum Vandværk 0.5800 0.5800 0.5586 0.4724 0.4190 

Hasselager-Kolt Vandværk A.M.B.A. 0.5219 0.5219 0.4924 0.3369 0.2846 

Hedensted Vandværk 0.5165 0.5197 0.5165 0.3726 0.2729 

Helle Vest Vandværk 0.1928 0.2158 0.1928 0.1928 0.0000 

Helsinge Vandværk 0.7742 0.7965 0.7742 0.7724 0.6969 
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Helsingør Vandforsyning 0.1953 0.5495 0.1953 0.3818 0.0814 

Herlev Vand A/S 0.7068 0.7611 0.7068 0.6937 0.6499 

Herning Vand A/S 0.1379 0.4852 0.1379 0.3731 0.0241 

Hillerød Vand A/S 0.6154 0.7098 0.6154 0.6406 0.5456 

Hinnerup Vandværk I/S 0.4198 0.4225 0.4198 0.2447 0.1580 

Hjallerup Vandforsyning 0.3453 0.3516 0.3453 0.2575 0.1123 

Hjerting Vandværk Amba 0.0000 0.0000 0.0000 0.0000 0.0000 

Hjørring Vandselskab A/S 0.2552 0.5307 0.2552 0.4513 0.1504 

Holbæk Vand A/S 0.3790 0.5808 0.3790 0.4435 0.3181 

Hornbæk Vandværk, a.m.b.a. 0.6666 0.6666 0.6231 0.5011 0.4597 

Hornslet Vandværk 0.4924 0.4924 0.4785 0.3677 0.3162 

Horsens Vand A/S 0.1673 0.4769 0.1673 0.4340 0.0000 

HTK Vand A/S 0.4920 0.6420 0.4920 0.5358 0.4366 

Hurup Vandværk 0.4870 0.4991 0.4870 0.4417 0.2589 

Hvidovre Vand A/S 0.5750 0.6940 0.5750 0.6278 0.5056 

Hæstrup Vandværk I/S 0.0876 0.0962 0.0876 0.0697 0.0000 

Høng Vandværk 0.5619 0.5687 0.5619 0.5242 0.4212 

Hørsholm Vand ApS 0.6825 0.7334 0.6825 0.6466 0.5982 

Haarby Vandværk 0.3183 0.3347 0.3183 0.2601 0.0402 

Haarlev Vandværk 0.6439 0.6446 0.6439 0.5951 0.5290 

Ikast Vandforsyning A.m.b.A 0.4486 0.5570 0.4486 0.4299 0.2768 

Ishøj Vand A/S 0.7850 0.8008 0.7850 0.7434 0.7158 

Jammerbugt Forsyning A/S 0.4400 0.4444 0.4400 0.4281 0.3151 

Jyllinge Vandværk Amba 0.7401 0.7401 0.7315 0.6676 0.6431 

Kalundborg Overfladevand A/S 0.6626 0.6835 0.6626 0.6137 0.4714 

Kalundborg Vandforsyning A/S 0.5084 0.6676 0.5084 0.6313 0.4220 

KE Vand A/S 0.0468 0.4989 0.0468 0.4842 0.0000 

Kerteminde Vand A/S 0.5454 0.6429 0.5454 0.5519 0.4590 

Klemensker Vandværk 0.7070 0.7070 0.6325 0.6878 0.5344 

Klinting Vandværk 0.6781 0.6823 0.6781 0.6374 0.5765 

Kvarmløse-Tølløse Vandværk 0.5021 0.5039 0.5021 0.4184 0.3303 
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Køge Vand A/S 0.6344 0.7395 0.6344 0.6736 0.5528 

Langeland Vand ApS 0.3953 0.5542 0.3953 0.4932 0.2700 

Langeskov Vandværk 0.3675 0.3731 0.3675 0.2335 0.1198 

Lejre Vand A/S 0.6710 0.6710 0.6563 0.6292 0.5834 

Lemvig Vand og Spildevand A/S 0.2322 0.5133 0.2322 0.4618 0.1361 

Lille Næstved Vandværk 0.4231 0.4231 0.4231 0.2861 0.2230 

Lillerød Andelsvandværk a.m.b.a. 0.4921 0.5278 0.4921 0.3418 0.2562 

Lindholm Vandværk 0.4752 0.5110 0.4752 0.4468 0.2864 

Ll. Skensved Vandværk 0.2945 0.2974 0.2945 0.1912 0.0818 

Lolland Vand A/S 0.4406 0.6477 0.4406 0.6178 0.3541 

Lyngby-Taarbæk Vand A/S 0.3606 0.5926 0.3606 0.5558 0.2648 

Læsø Vand A/S 0.6574 0.6668 0.6574 0.6545 0.5105 

Løgstør Vand Amba 0.4479 0.4559 0.4479 0.3572 0.2216 

Løgten Skødstrup Vandværk 0.5976 0.5976 0.5716 0.4677 0.4287 

Løkken Vandværk 0.5317 0.5317 0.5082 0.3684 0.3223 

Mariager Vand Amba 0.5217 0.5217 0.4433 0.4378 0.3202 

Mariagerfjord Vand a/s 0.5826 0.6928 0.5826 0.6494 0.4966 

Marielyst Vandværk 0.5476 0.5656 0.5476 0.4571 0.3713 

Midtfyns Vandforsyning A.m.b.A. 0.2407 0.4736 0.2407 0.4013 0.0974 

Morsø Forsyning Vand 0.5521 0.6150 0.5521 0.5265 0.4325 

Mørkøv Vandværk 0.4501 0.4501 0.3698 0.3285 0.2421 

Mårslet Vandværk 0.5804 0.5804 0.5297 0.4326 0.3900 

NFS Vand A/S 0.4141 0.5615 0.4141 0.4602 0.3107 

NK-Vand A/S 0.3687 0.5882 0.3687 0.5170 0.2848 

Nordenskov Vandværk 0.4776 0.4776 0.4776 0.4484 0.3295 

Nr. Uttrup Vandværk 0.3159 0.3159 0.2712 0.1832 0.1038 

Nybrovejens Vandværk 0.6972 0.7002 0.6972 0.6345 0.5848 

Nyhuse Vandværk 0.7133 0.7133 0.6999 0.6394 0.6118 

Næsby Vandværk 0.5958 0.5980 0.5958 0.4536 0.3979 

Nørre Alslev Vandværk 0.5686 0.5712 0.5686 0.5216 0.4377 

Odder Vandværk A.m.b.a. 0.5580 0.6474 0.5580 0.5819 0.4448 
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Odsherred Vand A/S 0.5582 0.6462 0.5582 0.5954 0.4500 

Otterup Vandværk 0.6419 0.6419 0.6419 0.5495 0.5067 

Outrup Vandværk I/S 0.4924 0.4957 0.4924 0.4577 0.3473 

Oxby Og Ho Vandværk a.m.b.a. 0.5330 0.5376 0.5330 0.4633 0.3851 

Padborg Vandværk A.m.b.a 0.5043 0.5366 0.5043 0.4825 0.2714 

Pandrup Vandværk 0.5503 0.5536 0.5503 0.5328 0.4309 

Randers Spildevand A/S 0.6568 0.6594 0.6568 0.6138 0.5457 

Rebild Vand & Spildevand A/S 0.0000 0.0000 0.0000 0.0000 0.0000 

Ringkøbing-Skjern Vand A/S 0.1498 0.4747 0.1498 0.4047 0.0442 

Ringsted Vand A/S 0.4303 0.6264 0.4303 0.6064 0.3263 

Roskilde Vand A/S 0.2036 0.5137 0.2036 0.4280 0.1516 

Rudersdal Forsyning A/S 0.4389 0.6050 0.4389 0.5337 0.3464 

Ry Vandværk 0.6227 0.6227 0.5784 0.4797 0.4414 

Rødding Vandværk 0.6978 0.6978 0.6844 0.6419 0.6056 

Rødovre Vand 0.3512 0.5431 0.3512 0.4552 0.2471 

Rønne Vand A/S 0.6324 0.7052 0.6324 0.6270 0.5524 

Sdr. Felding Vandværk 0.2397 0.2397 0.2207 0.1776 0.0667 

Silkeborg Vand a/s 0.0988 0.4448 0.0988 0.2965 0.0000 

Sindal Vandværk Amba 0.5248 0.5371 0.5248 0.4964 0.3259 

Sjælsø Vand A/S 0.1726 0.4904 0.1726 0.4755 0.0404 

SK Vand A/S 0.4607 0.6795 0.4607 0.6014 0.3851 

Skanderborg Forsyningsvirksomhed A/S 0.3181 0.4880 0.3181 0.3666 0.1655 

Skive Vandforsyning A/S 0.2536 0.5268 0.2536 0.4645 0.1556 

Skærbæk Vandværk 0.3783 0.3820 0.3783 0.2036 0.0854 

Snejbjerg Vandværk I/S 0.6668 0.6668 0.6474 0.6208 0.5743 

Solrød Vandværk a.m.b.a. 0.0000 0.1873 0.0000 0.0000 0.0000 

Sorø Vand A/S 0.5032 0.6117 0.5032 0.6003 0.3615 

Stenlien Vandværk Amba 0.5859 0.5859 0.4887 0.4946 0.3722 

Stenløse Vandværk 0.6048 0.6048 0.5758 0.4834 0.4449 

Struer Forsyning Vand A/S 0.4663 0.5926 0.4663 0.5119 0.3097 

Strømmen Vandværk 0.3539 0.3539 0.3278 0.1457 0.0841 
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Støvring Vandværk 0.4034 0.4034 0.3590 0.1405 0.0655 

Sunds Vand- og Varmeværk 0.6132 0.6132 0.5679 0.5328 0.4770 

Svendborg Vand A/S 0.3535 0.5907 0.3535 0.4769 0.2771 

Svinninge Vandværk 0.5765 0.5816 0.5765 0.5194 0.4323 

Sydals Øst Vandforsyning 0.6917 0.6928 0.6917 0.6645 0.6065 

Sønderborg Vandforsyning A/S 0.4533 0.6377 0.4533 0.5398 0.4153 

Tarup Vandværk 0.6209 0.6209 0.6144 0.4921 0.4507 

Thisted Drikkevand A/S 0.3769 0.6298 0.3769 0.6065 0.2987 

Tinglev Vandværk 0.4797 0.4874 0.4797 0.4022 0.2756 

TRE-FOR Vand A/S 0.0736 0.5384 0.0736 0.4340 0.0000 

Tønder Vand A/S 0.3027 0.5338 0.3027 0.4882 0.1823 

Tårnby Forsyning Vand 0.3869 0.5798 0.3869 0.4677 0.3309 

Tårs Vandværk Amba 0.5113 0.5146 0.5113 0.4504 0.3479 

Ulfborg Vandværk AMBA 0.5446 0.5446 0.5408 0.5101 0.4305 

Ulsted-Aalebæk Vandværk 0.4514 0.4890 0.4514 0.4271 0.2427 

Vallensbæk Vandforsyning A/S 0.8572 0.8572 0.8415 0.8104 0.7961 

Vamdrup Vandværk 0.5502 0.5549 0.5502 0.4828 0.3750 

Vand Ballerup A/S 0.5450 0.7076 0.5450 0.6233 0.5095 

VandCenter Syd a/s 0.0941 0.5242 0.0941 0.3350 0.0000 

Vandforsyningen Brovst og Omegn 0.5894 0.5894 0.4334 0.4988 0.2858 

Vandforsyningen Østlolland a.m.b.a. 0.5690 0.5714 0.5690 0.5038 0.4150 

Vandfællesskabet Nordvestsjælland 
a.m.b.a. 0.9605 0.9605 0.9297 0.9583 0.9041 

Vandværket Lyngen 0.7171 0.7171 0.7055 0.6285 0.6015 

Varde Vandforsyning A/S 0.3643 0.5715 0.3643 0.5005 0.2410 

Vejen Forsyning A/S 0.6629 0.6668 0.6629 0.5867 0.5166 

Vejgaard Vandværk 0.2514 0.3522 0.2514 0.1763 0.0832 

Vemb Vandværk 0.2970 0.2970 0.2399 0.2292 0.0707 

Verdo Vand A/S 0.1334 0.4528 0.1334 0.3064 0.0334 

Vestforsyning Vand A/S 0.0000 0.4318 0.0000 0.3627 0.0000 

Vesthimmerlands Vand A/S 0.5486 0.5486 0.3801 0.5017 0.2252 

Videbæk Vand A/S  0.5240 0.5457 0.5240 0.4803 0.3108 



Mariah Broadhurst Augustino Cand.Merc. AEF Copenhagen Business School 
Rikke Leerberg Jørgensen 

– 151 – 
  

Company DRS_p CRS_p VRS_p CRS_p* VRS_p* 

Vildbjerg Vandværk 0.4413 0.4800 0.4413 0.4138 0.1867 

Vodskov Vandværk 0.6509 0.6509 0.6329 0.6015 0.5547 

Vordingborg Vand A/S 0.5477 0.6535 0.5477 0.5649 0.4659 

Vrå Vandværk 0.6293 0.6297 0.6293 0.5946 0.5282 

Ærø Vand A/S 0.7791 0.7791 0.7466 0.6926 0.6697 

Ølgod Vandværk Amba 0.3393 0.3822 0.3393 0.2958 0.0400 

Ørbæk vandværk 0.5785 0.5785 0.5137 0.4702 0.4094 

Ørslev Vandværk 0.4761 0.4761 0.4727 0.4129 0.3312 

Østvendsyssel 
Råvandsforsyningsselskab I/S 0.4262 0.4262 0.0000 0.2996 0.0000 

Aabybro Vand A.m.b.a. 0.5381 0.5490 0.5381 0.4919 0.3465 

Aalborg Forsyning, Vand A/S 0.2420 0.5811 0.2420 0.4942 0.1618 

Aalestrup Vand a.m.b.a. 0.7207 0.7207 0.6649 0.6327 0.5920 

Aarhus Vand A/S 0.1409 0.5982 0.1409 0.4695 0.1137 

Aars Vand 0.7566 0.7595 0.7566 0.6852 0.6480 

 

The next table show the efficiency potentials of the water company when only municipal companies 

are allowed on the frontier. 

Table 21: Efficiency Potentials of the Water Companies 

Company DRS_m CRS_m VRS_m 

Albertslund Vand A/S 0.6516 0.6599 0.6516 

AquaDjurs as 0.4216 0.4216 0.4170 

Arwos Vand A/S 0.5059 0.5377 0.5059 

Asnæs Vandværk Amba 0.2640 0.2640 0.2640 

Assens Vandværk A/S 0.3398 0.3529 0.3398 

Aulum Vandværk Amba 0.2652 0.2822 0.2652 

Baunehøj Vandværk Amba 0.6467 0.6725 0.6467 

Billund Drikkevand A/S 0.1633 0.2120 0.1633 

Birkerød Vandforsyning Amba 0.4073 0.4247 0.4073 

Bjerringbro Fællesvandværk 0.2103 0.2103 0.2018 

Bjøvlund I/S 0.0000 0.0000 0.0000 
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Bogense Forsyningsselskab A.m.b.a 0.5779 0.5779 0.5665 

Bolderslev Vandværk 0.4075 0.4075 0.2156 

Bording Vandværk A.m.b.a 0.2172 0.2383 0.2172 

Bornholms Vand A/S 0.3817 0.4752 0.3817 

Borup Vandværk 0.3204 0.3204 0.3138 

Brande Vandværk a.m.b.a. 0.1836 0.2809 0.1836 

Branderup Vandværk 0.3488 0.3488 0.0000 

Bredebro Andelsvandværk 0.7356 0.7356 0.1593 

Brædstrup Vandværk Amba 0.3418 0.3418 0.3248 

Brøndby Vandforsyning A/S 0.5074 0.5304 0.5074 

Brønderslev Vand A/S 0.5343 0.5701 0.5343 

Brørup Vandværk 0.1322 0.1322 0.1192 

Christiansfeld Vandforsyning A/S 0.2850 0.2850 0.2690 

Dianalund Vandværk 0.0000 0.0000 0.0000 

Dragør Vand A/S 0.5796 0.5796 0.5768 

Dronninglund Vandværk I/S 0.3051 0.3480 0.3051 

Egedal Vandforsyning A/S 0.1875 0.1875 0.1875 

Egå vandværk a.m.b.a 0.5496 0.5496 0.5286 

Ejby Vandværk 0.1411 0.1411 0.1180 

Energi Viborg Vand A/S 0.4618 0.5098 0.4618 

Esbjerg Vand A/S 0.1294 0.2785 0.1294 

Fanø Vand A/S 0.6421 0.6421 0.6369 

Farsø Vandværk I/S 0.0000 0.0000 0.0000 

Faxe Vandforsyning A/S 0.3641 0.4076 0.3641 

Faxe Vandværk Smba 0.6815 0.6815 0.6785 

Fensmark Vandværk A.m.b.a 0.2045 0.2045 0.1704 

FFV Vand A/S 0.5635 0.5760 0.5635 

Fjerritslev Vand Amba 0.0000 0.0000 0.0000 

Fonden Djurs Vand 0.5239 0.5240 0.5239 

Fredensborg Vand A/S 0.6293 0.6426 0.6293 

Frederiksberg Vand A/S 0.2305 0.4512 0.2305 
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Frederiksberg Vandværk 0.3161 0.3161 0.3074 

Frederikshavn Vand A/S 0.3980 0.5231 0.3980 

Frederiksund Vand 0.3352 0.3863 0.3352 

Furesø Vandforsyning a.m.b.a. 0.0000 0.0828 0.0000 

Galten Vandværk 0.3354 0.3354 0.3309 

Gentofte Vand A/S 0.1486 0.2902 0.1486 

Gilleleje Vandværk a.m.b.a. 0.5176 0.5225 0.5176 

Give Vandværk A.m.b.a 0.5620 0.5620 0.5491 

Gl. Hørning Vandværk 0.2256 0.2256 0.1975 

Gladsaxe Vand A/S 0.3596 0.4266 0.3596 

Glamsbjerg Vandværk 0.0000 0.0000 0.0000 

Glostrup Vand a/s 0.5428 0.5595 0.5428 

Gram Vandværk 0.1792 0.1792 0.1591 

Grenaa & Anholt Vandforsyning  0.3779 0.4295 0.3779 

Greve Vandværk A.m.b.a. 0.2400 0.3152 0.2400 

Grindsted Vandværk A.m.b.a. 0.2471 0.3295 0.2471 

Guldborgsund Vand A/S 0.3175 0.3644 0.3175 

Haderslev Vand A/S 0.4984 0.5342 0.4984 

Hadsten Vandværk A.M.B.A 0.1018 0.1018 0.0831 

Hadsund Vandværk a.m.b.a. 0.5732 0.5732 0.5645 

Halsnaes Forsyning A/S 0.5095 0.5388 0.5095 

Halsnæs Vandforsyning a.m.b.a. 0.6358 0.6465 0.6358 

Hammel Vandværk amba 0.2473 0.2487 0.2473 

Hammerum Vandværk 0.3572 0.3572 0.3447 

Hasselager-Kolt Vandværk A.M.B.A. 0.2123 0.2123 0.1919 

Hedensted Vandværk 0.2465 0.2465 0.2415 

Helle Vest Vandværk 0.0000 0.0000 0.0000 

Helsinge Vandværk 0.7050 0.7199 0.7050 

Helsingør Vandforsyning 0.1677 0.2656 0.1677 

Herlev Vand A/S 0.6326 0.6362 0.6326 

Herning Vand A/S 0.1379 0.2332 0.1379 
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Hillerød Vand A/S 0.5509 0.5700 0.5509 

Hinnerup Vandværk I/S 0.1009 0.1009 0.0848 

Hjallerup Vandforsyning 0.0759 0.0759 0.0754 

Hjerting Vandværk Amba 0.0000 0.0000 0.0000 

Hjørring Vandselskab A/S 0.2552 0.3297 0.2552 

Holbæk Vand A/S 0.2818 0.3390 0.2818 

Hornbæk Vandværk, a.m.b.a. 0.4074 0.4074 0.3937 

Hornslet Vandværk 0.2446 0.2446 0.2171 

Horsens Vand A/S 0.1673 0.2965 0.1673 

HTK Vand A/S 0.4040 0.4486 0.4040 

Hurup Vandværk 0.2765 0.3078 0.2765 

Hvidovre Vand A/S 0.5204 0.5525 0.5204 

Hæstrup Vandværk I/S 0.0000 0.0000 0.0000 

Høng Vandværk 0.4119 0.4119 0.4110 

Hørsholm Vand ApS 0.5741 0.5802 0.5741 

Haarby Vandværk 0.0567 0.0877 0.0567 

Haarlev Vandværk 0.4967 0.4967 0.4931 

Ikast Vandforsyning A.m.b.A 0.2947 0.3165 0.2947 

Ishøj Vand A/S 0.6951 0.6951 0.6928 

Jammerbugt Forsyning A/S 0.3151 0.3151 0.3151 

Jyllinge Vandværk Amba 0.6051 0.6051 0.5903 

Kalundborg Overfladevand A/S 0.4895 0.5264 0.4895 

Kalundborg Vandforsyning A/S 0.4477 0.5389 0.4477 

KE Vand A/S 0.0468 0.3596 0.0468 

Kerteminde Vand A/S 0.4545 0.4658 0.4545 

Klemensker Vandværk 0.6049 0.6049 0.5171 

Klinting Vandværk 0.5562 0.5562 0.5529 

Kvarmløse-Tølløse Vandværk 0.2842 0.2842 0.2779 

Køge Vand A/S 0.5790 0.6058 0.5790 

Langeland Vand ApS 0.3174 0.3791 0.3174 

Langeskov Vandværk 0.0722 0.0722 0.0634 
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Lejre Vand A/S 0.5445 0.5445 0.5285 

Lemvig Vand og Spildevand A/S 0.1748 0.3256 0.1748 

Lille Næstved Vandværk 0.1457 0.1457 0.1201 

Lillerød Andelsvandværk a.m.b.a. 0.2181 0.2181 0.2174 

Lindholm Vandværk 0.2956 0.3213 0.2956 

Ll. Skensved Vandværk 0.0106 0.0106 0.0000 

Lolland Vand A/S 0.4303 0.5253 0.4303 

Lyngby-Taarbæk Vand A/S 0.3537 0.4492 0.3537 

Læsø Vand A/S 0.5346 0.5650 0.5346 

Løgstør Vand Amba 0.2097 0.2136 0.2097 

Løgten Skødstrup Vandværk 0.3677 0.3677 0.3445 

Løkken Vandværk 0.2497 0.2497 0.2276 

Mariager Vand Amba 0.3046 0.3046 0.2519 

Mariagerfjord Vand a/s 0.5295 0.5692 0.5295 

Marielyst Vandværk 0.3517 0.3517 0.3468 

Midtfyns Vandforsyning A.m.b.A. 0.1405 0.2571 0.1405 

Morsø Forsyning Vand 0.4278 0.4323 0.4278 

Mørkøv Vandværk 0.1823 0.1823 0.1437 

Mårslet Vandværk 0.3260 0.3260 0.2968 

NFS Vand A/S 0.3230 0.3531 0.3230 

NK-Vand A/S 0.3491 0.4134 0.3491 

Nordenskov Vandværk 0.3106 0.3106 0.2865 

Nr. Uttrup Vandværk 0.0130 0.0130 0.0000 

Nybrovejens Vandværk 0.5597 0.5597 0.5538 

Nyhuse Vandværk 0.5703 0.5703 0.5527 

Næsby Vandværk 0.3509 0.3509 0.3437 

Nørre Alslev Vandværk 0.4066 0.4066 0.4015 

Odder Vandværk A.m.b.a. 0.4651 0.4919 0.4651 

Odsherred Vand A/S 0.4704 0.5052 0.4704 

Otterup Vandværk 0.4587 0.4587 0.4466 

Outrup Vandværk I/S 0.3146 0.3146 0.3134 
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Oxby Og Ho Vandværk a.m.b.a. 0.3463 0.3463 0.3377 

Padborg Vandværk A.m.b.a 0.2727 0.3520 0.2727 

Pandrup Vandværk 0.4134 0.4134 0.4078 

Randers Spildevand A/S 0.5230 0.5230 0.5195 

Rebild Vand & Spildevand A/S 0.0000 0.0000 0.0000 

Ringkøbing-Skjern Vand A/S 0.1491 0.2668 0.1491 

Ringsted Vand A/S 0.3991 0.5069 0.3991 

Roskilde Vand A/S 0.2036 0.3059 0.2036 

Rudersdal Forsyning A/S 0.3845 0.4347 0.3845 

Ry Vandværk 0.3820 0.3820 0.3583 

Rødding Vandværk 0.5595 0.5595 0.5501 

Rødovre Vand 0.2862 0.3414 0.2862 

Rønne Vand A/S 0.5511 0.5563 0.5511 

Sdr. Felding Vandværk 0.0000 0.0000 0.0000 

Silkeborg Vand a/s 0.0578 0.1519 0.0578 

Sindal Vandværk Amba 0.3443 0.3751 0.3443 

Sjælsø Vand A/S 0.1668 0.3703 0.1668 

SK Vand A/S 0.4589 0.5193 0.4589 

Skanderborg Forsyningsvirksomhed A/S 0.2004 0.2377 0.2004 

Skive Vandforsyning A/S 0.2387 0.3405 0.2387 

Skærbæk Vandværk 0.0423 0.0423 0.0337 

Snejbjerg Vandværk I/S 0.5337 0.5337 0.5176 

Solrød Vandværk a.m.b.a. 0.0000 0.0000 0.0000 

Sorø Vand A/S 0.4152 0.5119 0.4152 

Stenlien Vandværk Amba 0.3803 0.3803 0.3167 

Stenløse Vandværk 0.3863 0.3863 0.3610 

Struer Forsyning Vand A/S 0.3416 0.3993 0.3416 

Strømmen Vandværk 0.0000 0.0000 0.0000 

Støvring Vandværk 0.0000 0.0000 0.0000 

Sunds Vand- og Varmeværk 0.4294 0.4294 0.4063 

Svendborg Vand A/S 0.3051 0.3725 0.3051 
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Svinninge Vandværk 0.4119 0.4119 0.4076 

Sydals Øst Vandforsyning 0.5842 0.5842 0.5768 

Sønderborg Vandforsyning A/S 0.3969 0.4531 0.3969 

Tarup Vandværk 0.3967 0.3967 0.3821 

Thisted Drikkevand A/S 0.3729 0.5048 0.3729 

Tinglev Vandværk 0.2531 0.2592 0.2531 

TRE-FOR Vand A/S 0.0736 0.3210 0.0736 

Tønder Vand A/S 0.2536 0.3661 0.2536 

Tårnby Forsyning Vand 0.3080 0.3669 0.3080 

Tårs Vandværk Amba 0.3142 0.3142 0.3126 

Ulfborg Vandværk AMBA 0.3808 0.3808 0.3754 

Ulsted-Aalebæk Vandværk 0.2639 0.2953 0.2639 

Vallensbæk Vandforsyning A/S 0.7748 0.7748 0.7646 

Vamdrup Vandværk 0.3594 0.3616 0.3594 

Vand Ballerup A/S 0.5042 0.5525 0.5042 

VandCenter Syd a/s 0.0941 0.2100 0.0941 

Vandforsyningen Brovst og Omegn 0.3854 0.3854 0.2629 

Vandforsyningen Østlolland a.m.b.a. 0.3840 0.3840 0.3818 

Vandfællesskabet Nordvestsjælland a.m.b.a. 0.9479 0.9479 0.8985 

Vandværket Lyngen 0.5587 0.5587 0.5439 

Varde Vandforsyning A/S 0.2812 0.3810 0.2812 

Vejen Forsyning A/S 0.5005 0.5005 0.4983 

Vejgaard Vandværk 0.0213 0.0213 0.0174 

Vemb Vandværk 0.0379 0.0379 0.0000 

Verdo Vand A/S 0.0763 0.1679 0.0763 

Vestforsyning Vand A/S 0.0000 0.2070 0.0000 

Vesthimmerlands Vand A/S 0.3843 0.3843 0.2252 

Videbæk Vand A/S  0.3045 0.3530 0.3045 

Vildbjerg Vandværk 0.1965 0.2677 0.1965 

Vodskov Vandværk 0.5118 0.5118 0.4940 

Vordingborg Vand A/S 0.4587 0.4813 0.4587 
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Vrå Vandværk 0.4978 0.4978 0.4872 

Ærø Vand A/S 0.6349 0.6349 0.6195 

Ølgod Vandværk Amba 0.0590 0.1241 0.0590 

Ørbæk vandværk 0.3600 0.3600 0.3279 

Ørslev Vandværk 0.2772 0.2772 0.2591 

Østvendsyssel Råvandsforsyningsselskab I/S 0.1412 0.1412 0.0000 

Aabybro Vand A.m.b.a. 0.3578 0.3759 0.3578 

Aalborg Forsyning, Vand A/S 0.2420 0.3906 0.2420 

Aalestrup Vand a.m.b.a. 0.5614 0.5614 0.5348 

Aarhus Vand A/S 0.1409 0.3698 0.1409 

Aars Vand 0.6261 0.6261 0.6220 
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The table below indicates the data used for analyzing the sewage companies. All values in this table 

are in DKK: 

Table 22: Data Used for the Sewage Companies in DKK 

Company DOiPL FADO NVM AC_NVM DC_NVM 

Afløb Ballerup A/S 13,444,730 12,269,806 8,429,347 10,139,520 9,102,471 

Albertslund Spildevand A/S 10,295,691 10,375,755 7,028,806 8,182,243 7,893,689 

Allerød Spildevand A/S 17,057,520 16,506,569 14,425,753 15,456,428 17,030,231 

AquaDjurs as 32,433,029 33,189,634 25,279,369 24,784,556 26,192,235 

Arwos Spildevand A/S 45,956,397 46,677,007 52,188,890 54,105,305 59,155,213 

Assens Spildevand A/S 27,129,851 23,448,549 34,122,196 31,341,800 34,487,073 

Billund Spildevand A/S 18,829,110 14,932,428 22,419,352 27,237,932 26,009,742 

Bornholms Spildevand A/S 30,907,071 32,135,079 31,419,319 39,103,987 35,157,442 

Brøndby Kloakforsyning A/S 3,801,560 1,581,211 6,673,112 8,548,874 7,224,918 

Brønderslev Spildevand A/S 17,477,567 15,851,083 18,112,225 11,610,105 20,239,777 

Dragør Spildevand A/S 7,188,483 7,109,783 8,753,419 10,578,917 10,664,155 

Egedal Spildevand A/S 23,138,186 23,979,690 20,832,593 21,173,122 25,351,209 

Energi Viborg Spildevand A/S 56,667,826 50,732,736 60,541,666 64,269,993 60,180,726 

Esbjerg Spildevand A/S 65,953,864 64,760,285 71,941,610 82,312,984 94,026,457 

Fanø Vand A/S 2,204,318 2,233,907 1,631,494 1,225,114 2,072,452 

Favrskov Spildevand A/S 25,985,056 24,869,519 31,558,585 31,450,955 31,523,352 

Faxe Spildevand A/S 32,817,424 31,695,047 33,840,364 34,929,479 41,011,755 

FFV Spildevand A/S (Faaborg-
Midtfyn) 42,112,428 35,533,120 41,436,510 43,932,047 42,784,380 

Fredensborg Spildevand A/S 25,637,719 21,397,541 12,065,463 12,585,954 14,383,364 

Fredericia Spildevand A/S 53,687,137 40,951,277 50,883,759 58,207,323 52,266,792 

Frederiksberg Kloak A/S 18,373,997 18,081,146 17,428,536 28,241,193 20,907,941 

Frederikshavn Spildevand A/S 62,370,339 56,429,718 80,278,044 83,582,225 88,113,352 

Frederiksund Spildevand 36,847,652 30,777,945 35,243,871 36,820,760 38,022,086 

Furesø Spildevand 24,061,212 25,038,259 13,897,473 17,064,013 16,770,066 

Gentofte Spildevand A/S 23,754,406 21,535,374 13,601,629 21,510,730 20,940,946 

Gladsaxe Spildevand A/S 18,749,989 18,144,010 11,559,554 16,171,390 18,173,858 

Glostrup Spildevand a/s 7,130,967 5,070,954 5,732,636 6,960,919 6,224,412 

Greve Spildevand A/S 26,642,405 26,896,504 25,935,874 29,714,012 27,028,951 

Gribvand Spildevand A/S 33,509,738 33,576,967 37,542,238 40,396,433 49,407,995 

Guldborgsund Spildevand ApS 38,899,659 41,076,623 66,857,402 76,487,426 72,754,118 

Haderslev Spildevand A/S 38,800,851 36,111,485 42,052,701 43,915,258 45,718,452 

Halsnaes Forsyning ApS 31,470,038 30,864,139 24,493,705 26,481,209 29,271,102 

Hedensted Spildevand 28,918,282 27,417,377 31,029,642 29,566,923 32,185,405 

Helsingør Forsyning 
Spildevandvand A/S 49,444,367 48,380,509 44,322,477 51,914,339 55,153,601 
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Herlev Kloak A/S 11,086,231 7,509,671 6,092,355 8,123,910 7,786,946 

Herning Vand A/S 46,186,397 43,808,067 56,598,988 58,749,310 62,163,634 

Hillerød Spildevand A/S 39,232,972 37,168,835 38,625,856 39,771,174 52,060,871 

Hjørring Vandselskab A/S 46,386,305 50,372,224 53,350,056 56,538,545 58,215,337 

Holbæk Spildevand A/S 37,102,617 35,653,583 34,110,019 35,129,994 38,787,159 

Horsens Vand A/S 64,261,680 59,990,100 69,047,277 72,346,761 74,758,360 

HTK Kloak A/S 10,372,454 10,464,688 14,733,847 16,481,212 16,252,053 

Hunseby Renseanlæg 6,159,771 4,605,023 8,805,907 4,640,713 8,805,907 

Hvidovre Spildevand A/S 18,629,365 18,066,383 13,456,823 18,762,161 17,803,278 

Hørsholm Vand ApS 18,728,688 14,701,908 17,635,414 22,626,188 23,769,226 

Ikast-Brande Spildevand A/S 24,809,389 22,014,992 23,216,126 23,849,719 25,564,854 

Ishøj Spildevand A/S 8,540,781 7,014,577 5,337,537 5,855,911 6,022,169 

Jammerbugt Forsyning A/S 21,180,203 22,569,921 29,218,447 29,403,823 39,013,948 

Kalundborg Renseanlæg A/S 27,728,941 23,049,337 26,610,820 27,469,532 26,610,820 

Kalundborg Spildevandsanlæg 
A/S 16,707,584 16,200,865 13,270,976 13,515,494 13,971,856 

KE Afløb A/S 104,543,893 84,343,395 96,889,643 153,665,199 131,832,092 

Kerteminde Spildevand A/S 14,104,973 14,937,168 11,589,068 12,446,028 14,144,336 

Kolding Spildevand A/S 64,594,647 54,486,454 62,278,579 66,421,806 68,006,037 

Køge Afløb A/S 38,923,604 37,456,966 33,092,023 36,714,040 33,683,947 

Langeland Spildevand ApS 11,909,794 11,509,392 16,381,919 17,114,175 19,966,372 

Lejre Spildevand A/S 20,178,577 19,097,653 17,366,858 18,053,116 19,529,104 

Lemvig Vand og Spildevand 
A/S 24,246,142 17,773,581 24,382,119 22,874,544 28,048,066 

Lolland Spildevand A/S 33,532,608 30,249,237 40,836,180 43,798,950 47,012,567 

Lynettefællesskabet I/S 166,793,929 145,125,786 143,787,731 75,776,134 143,787,731 

Lyngby-Taarbæk Spildevand 
A/S 14,771,100 15,136,824 14,565,877 20,056,005 17,690,026 

Læsø Vand A/S Spildevand  978,137 1,728,796 1,769,089 1,819,784 2,998,609 

Mariagerfjord Spildevand a/s 32,776,934 32,981,158 29,482,322 30,327,172 30,684,128 

Middelfart Spildevand A/S 24,649,148 23,788,109 24,558,908 25,186,493 27,971,125 

Morsø Forsyning Spildevand 21,289,196 19,742,193 23,685,989 25,139,749 22,839,066 

Mølleåværket Renseanlæg 
Lundtofte 31,503,854 29,163,228 22,428,434 28,327,113 22,428,434 

Måløv Rens 12,387,346 14,126,025 19,873,627 10,473,402 19,873,627 

NFS Spildevand A/S 25,462,659 24,824,098 28,293,213 31,896,781 31,102,851 

NK-Spildevand A/S 51,635,761 48,369,576 44,186,998 47,331,191 48,643,680 

Odder Spildevand A/S 12,779,462 12,459,511 12,670,430 12,764,615 13,468,964 

Odsherred Spildevand A/S 21,171,444 23,258,408 18,591,899 18,818,057 18,636,101 

Randers Spildevand A/S 52,162,906 49,142,987 52,183,068 57,061,794 54,557,661 

Rebild Vand & Spildevand A/S 13,023,177 14,434,336 11,649,988 11,733,491 11,559,647 
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Company DOiPL FADO NVM AC_NVM DC_NVM 

Ringkøbing-Skjern Spildevand 
A/S 38,731,481 34,740,031 45,642,396 45,678,240 47,590,715 

Ringsted Centralrenseanlæg 
A/S 11,772,594 12,392,204 18,136,221 20,004,252 18,136,221 

Ringsted Spildevand A/S 11,648,055 12,261,111 9,276,233 9,773,755 9,598,056 

Roskilde Spildevand A/S 67,397,434 57,142,075 42,104,759 46,442,763 52,281,979 

Rudersdal Forsyning A/S 22,749,455 25,252,726 18,025,482 25,214,302 22,961,486 

Rødovre  Spildevand A/S 8,115,197 9,746,511 5,322,444 7,655,859 8,030,198 

Samsø Spildevand A/S 4,994,069 5,155,160 4,791,949 4,590,242 4,608,800 

Silkeborg Spildevand A/S 42,895,014 41,269,000 50,897,326 52,495,166 52,628,268 

SK Spildevand A/S 57,713,415 60,750,963 54,110,668 60,264,369 53,372,877 

Skanderborg 
Forsyningsvirksomhed A/S 32,085,184 26,814,153 39,613,124 39,695,848 40,371,506 

Skive Vandforsyning A/S 28,356,440 25,766,022 30,083,850 31,984,795 30,075,270 

Solrød Spildevand A/S 10,387,415 9,213,655 11,938,024 13,472,425 13,978,749 

Sorø Spildevand A/S 20,133,840 19,732,900 13,693,899 14,115,784 15,058,284 

Spildevandscenter Avedøre I/S 54,711,698 53,836,750 65,052,375 72,075,110 47,004,090 

Stevns Spildevand A/S 17,446,523 16,732,662 17,143,825 16,574,566 17,224,505 

Struer Spildevandsforsyning 11,698,439 12,020,540 17,846,843 22,400,388 19,068,848 

Svendborg Spildevand A/S 39,808,586 41,112,222 33,806,013 34,862,976 40,703,511 

Syddjurs Spildevand A/S 26,386,174 26,595,657 29,866,480 35,283,540 34,869,044 

Sønderborg Spildevandsf. A/S 57,187,365 54,164,641 57,007,381 61,816,562 68,463,609 

Thisted Spildevand A/S 35,498,716 37,228,213 53,938,539 57,018,784 59,492,464 

Tønder Spildevand A/S 32,482,035 26,676,149 26,087,974 27,737,083 30,636,162 

Tårnby Forsyning Spildevand 24,003,628 20,048,161 20,703,234 27,001,585 29,537,508 

Vallensbæk Kloakforsyning A/S 4,947,249 1,203,489 1,382,955 1,496,870 1,754,254 

VandCenter Syd a/s 126,373,666 117,897,803 135,618,275 153,659,629 178,508,566 

Varde Kloak og Spildevand A/S 33,515,933 29,315,093 30,176,646 30,638,160 32,907,954 

Vejen Forsyning A/S 21,861,541 23,158,302 21,278,840 22,962,977 15,299,486 

Vejle Spildevand a/s 76,992,123 73,885,525 83,659,464 86,727,603 85,698,471 

Vestforsyning Spildevand A/S 44,698,563 41,337,723 45,950,396 47,304,687 46,589,281 

Vesthimmerlands Vand A/S 26,699,900 27,234,571 40,620,952 44,305,326 41,573,004 

Vordingborg Spildevand A/S 30,714,266 27,898,691 33,637,306 35,702,534 40,267,399 

Ærø Vand A/S 5,904,526 6,257,060 6,440,693 5,964,176 7,746,968 

Aalborg Forsyning, Kloak A/S 105,329,688 99,532,402 102,817,866 116,695,323 116,944,215 

Århus Vand A/S 133,522,735 117,542,254 143,428,177 161,705,118 187,860,903 

 

The following table contains information on regional placement and firm size. 
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Table 23: Company Information of the Sewage Companies 

Company Region Size 

Afløb Ballerup A/S Capital Small 

Albertslund Spildevand A/S Capital Small 

Allerød Spildevand A/S Capital Small 

AquaDjurs as Mid Jutland Medium 

Arwos Spildevand A/S South Denmark Large 

Assens Spildevand A/S South Denmark Medium 

Billund Spildevand A/S South Denmark Small 

Bornholms Spildevand A/S Capital Medium 

Brøndby Kloakforsyning A/S Capital Very Small 

Brønderslev Spildevand A/S North Jutland Small 

Dragør Spildevand A/S Capital Very Small 

Egedal Spildevand A/S Capital Medium 

Energi Viborg Spildevand A/S Mid Jutland Large 

Esbjerg Spildevand A/S South Denmark Large 

Fanø Vand A/S South Denmark Very Small 

Favrskov Spildevand A/S Mid Jutland Medium 

Faxe Spildevand A/S Zealand Medium 

FFV Spildevand A/S (Faaborg-Midtfyn) South Denmark Medium 

Fredensborg Spildevand A/S Capital Medium 

Fredericia Spildevand A/S South Denmark Large 

Frederiksberg Kloak A/S Capital Small 

Frederikshavn Spildevand A/S North Jutland Large 

Frederiksund Spildevand Zealand Medium 

Furesø Spildevand Capital Medium 

Gentofte Spildevand A/S Capital Medium 

Gladsaxe Spildevand A/S Capital Small 

Glostrup Spildevand a/s Capital Very Small 

Greve Spildevand A/S Zealand Medium 

Gribvand Spildevand A/S Capital Medium 

Guldborgsund Spildevand ApS Zealand Large 

Haderslev Spildevand A/S South Denmark Medium 

Halsnaes Forsyning ApS Capital Medium 

Hedensted Spildevand Mid Jutland Medium 

Helsingør Forsyning Spildevandvand A/S Capital Large 

Herlev Kloak A/S Capital Very Small 

Herning Vand A/S Mid Jutland Large 

Hillerød Spildevand A/S Capital Medium 

Hjørring Vandselskab A/S North Jutland Large 

Holbæk Spildevand A/S Zealand Medium 
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Company Region Size 

Horsens Vand A/S Mid Jutland Large 

HTK Kloak A/S Capital Small 

Hunseby Renseanlæg Zealand Very Small 

Hvidovre Spildevand A/S Capital Small 

Hørsholm Vand ApS Capital Small 

Ikast-Brande Spildevand A/S Mid Jutland Medium 

Ishøj Spildevand A/S Capital Very Small 

Jammerbugt Forsyning A/S North Jutland Medium 

Kalundborg Renseanlæg A/S Zealand Medium 

Kalundborg Spildevandsanlæg A/S Zealand Small 

KE Afløb A/S Capital Very Large 

Kerteminde Spildevand A/S South Denmark Small 

Kolding Spildevand A/S South Denmark Large 

Køge Afløb A/S Zealand Medium 

Langeland Spildevand ApS South Denmark Small 

Lejre Spildevand A/S Zealand Small 

Lemvig Vand og Spildevand A/S Mid Jutland Small 

Lolland Spildevand A/S Zealand Medium 

Lynettefællesskabet I/S Capital Very Large 

Lyngby-Taarbæk Spildevand A/S Capital Small 

Læsø Vand A/S Spildevand  North Jutland Very Small 

Mariagerfjord Spildevand a/s North Jutland Medium 

Middelfart Spildevand A/S South Denmark Medium 

Morsø Forsyning Spildevand North Jutland Small 

Mølleåværket Renseanlæg Lundtofte Capital Medium 

Måløv Rens Capital Small 

NFS Spildevand A/S South Denmark Medium 

NK-Spildevand A/S Zealand Large 

Odder Spildevand A/S Mid Jutland Small 

Odsherred Spildevand A/S Zealand Medium 

Randers Spildevand A/S Mid Jutland Large 

Rebild Vand & Spildevand A/S North Jutland Small 

Ringkøbing-Skjern Spildevand A/S Mid Jutland Medium 

Ringsted Centralrenseanlæg A/S Zealand Small 

Ringsted Spildevand A/S Zealand Small 

Roskilde Spildevand A/S Zealand Large 

Rudersdal Forsyning A/S Capital Medium 

Rødovre  Spildevand A/S Capital Very Small 

Samsø Spildevand A/S Mid Jutland Very Small 

Silkeborg Spildevand A/S Mid Jutland Large 
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Company Region Size 

SK Spildevand A/S Zealand Large 

Skanderborg Forsyningsvirksomhed A/S Mid Jutland Medium 

Skive Vandforsyning A/S Mid Jutland Medium 

Solrød Spildevand A/S Zealand Very Small 

Sorø Spildevand A/S Zealand Small 

Spildevandscenter Avedøre I/S Capital Large 

Stevns Spildevand A/S Zealand Small 

Struer Spildevandsforsyning Mid Jutland Small 

Svendborg Spildevand A/S South Denmark Large 

Syddjurs Spildevand A/S Mid Jutland Medium 

Sønderborg Spildevandsf. A/S South Denmark Large 

Thisted Spildevand A/S North Jutland Medium 

Tønder Spildevand A/S South Denmark Medium 

Tårnby Forsyning Spildevand Capital Medium 

Vallensbæk Kloakforsyning A/S Capital Very Small 

VandCenter Syd a/s South Denmark Very Large 

Varde Kloak og Spildevand A/S South Denmark Medium 

Vejen Forsyning A/S South Denmark Medium 

Vejle Spildevand a/s South Denmark Large 

Vestforsyning Spildevand A/S Mid Jutland Large 

Vesthimmerlands Vand A/S North Jutland Medium 

Vordingborg Spildevand A/S Zealand Medium 

Ærø Vand A/S South Denmark Very Small 

Aalborg Forsyning, Kloak A/S North Jutland Very Large 

Århus Vand A/S Mid Jutland Very Large 

 

The following table shows the efficiency potentials of the sewage companies under the three scale 

assumptions. 

Table 24: Efficiency Potentials for the Sewage Companies 

Company DRS CRS VRS 

Afløb Ballerup A/S 0.5952 0.5952 0.5749 

Albertslund Spildevand A/S 0.5671 0.5671 0.5401 

Allerød Spildevand A/S 0.4363 0.4363 0.4346 

AquaDjurs as 0.5211 0.5211 0.5142 

Arwos Spildevand A/S 0.2733 0.2733 0.2731 

Assens Spildevand A/S 0.2273 0.2273 0.2207 

Billund Spildevand A/S 0.2201 0.2201 0.2099 

Bornholms Spildevand A/S 0.3207 0.3208 0.3207 
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Company DRS CRS VRS 

Brøndby Kloakforsyning A/S 0.0000 0.0000 0.0000 

Brønderslev Spildevand A/S 0.3462 0.3462 0.3413 

Dragør Spildevand A/S 0.1624 0.1624 0.1445 

Egedal Spildevand A/S 0.3814 0.3814 0.3804 

Energi Viborg Spildevand A/S 0.3436 0.3436 0.3430 

Esbjerg Spildevand A/S 0.1629 0.1951 0.1629 

Fanø Vand A/S 0.4692 0.4692 0.3776 

Favrskov Spildevand A/S 0.2538 0.2538 0.2465 

Faxe Spildevand A/S 0.2944 0.2944 0.2939 

FFV Spildevand A/S (Faaborg-Midtfyn) 0.3955 0.3955 0.3922 

Fredensborg Spildevand A/S 0.6832 0.6832 0.6821 

Fredericia Spildevand A/S 0.4177 0.4177 0.4160 

Frederiksberg Kloak A/S 0.1750 0.1752 0.1750 

Frederikshavn Spildevand A/S 0.1265 0.2024 0.1265 

Frederiksund Spildevand 0.4123 0.4123 0.4077 

Furesø Spildevand 0.6065 0.6065 0.6016 

Gentofte Spildevand A/S 0.5023 0.5023 0.4976 

Gladsaxe Spildevand A/S 0.4528 0.4528 0.4513 

Glostrup Spildevand a/s 0.4760 0.4760 0.4336 

Greve Spildevand A/S 0.4011 0.4011 0.3922 

Gribvand Spildevand A/S 0.1675 0.1675 0.1672 

Guldborgsund Spildevand ApS 0.0000 0.0000 0.0000 

Haderslev Spildevand A/S 0.3341 0.3341 0.3307 

Halsnaes Forsyning ApS 0.4749 0.4749 0.4741 

Hedensted Spildevand 0.3408 0.3408 0.3341 

Helsingør Forsyning Spildevandvand A/S 0.3702 0.3702 0.3700 

Herlev Kloak A/S 0.6034 0.6034 0.5762 

Herning Vand A/S 0.2401 0.2401 0.2400 

Hillerød Spildevand A/S 0.2508 0.2508 0.2505 

Hjørring Vandselskab A/S 0.2914 0.2914 0.2910 

Holbæk Spildevand A/S 0.4098 0.4098 0.4093 

Horsens Vand A/S 0.3268 0.3399 0.3268 

HTK Kloak A/S 0.1154 0.1154 0.0994 

Hunseby Renseanlæg 0.1217 0.1217 0.0707 

Hvidovre Spildevand A/S 0.4591 0.4591 0.4445 

Hørsholm Vand ApS 0.2835 0.2835 0.2821 

Ikast-Brande Spildevand A/S 0.4182 0.4182 0.4136 

Ishøj Spildevand A/S 0.6019 0.6019 0.5771 

Jammerbugt Forsyning A/S 0.0000 0.0000 0.0000 

Kalundborg Renseanlæg A/S 0.4104 0.4104 0.4025 
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Company DRS CRS VRS 

Kalundborg Spildevandsanlæg A/S 0.5120 0.5120 0.4947 

KE Afløb A/S 0.1932 0.2112 0.1932 

Kerteminde Spildevand A/S 0.4338 0.4338 0.4317 

Kolding Spildevand A/S 0.4056 0.4056 0.4055 

Køge Afløb A/S 0.4777 0.4777 0.4730 

Langeland Spildevand ApS 0.0535 0.0535 0.0512 

Lejre Spildevand A/S 0.4536 0.4536 0.4503 

Lemvig Vand og Spildevand A/S 0.3469 0.3469 0.3459 

Lolland Spildevand A/S 0.2084 0.2084 0.2080 

Lynettefællesskabet I/S 0.0000 0.4704 0.2638 

Lyngby-Taarbæk Spildevand A/S 0.2712 0.2712 0.0000 

Læsø Vand A/S Spildevand  0.0000 0.0000 0.0000 

Mariagerfjord Spildevand a/s 0.4474 0.4474 0.4412 

Middelfart Spildevand A/S 0.3593 0.3593 0.3584 

Morsø Forsyning Spildevand 0.3164 0.3164 0.3055 

Mølleåværket Renseanlæg Lundtofte 0.5174 0.5175 0.5174 

Måløv Rens 0.0143 0.0143 0.0000 

NFS Spildevand A/S 0.3103 0.3103 0.3068 

NK-Spildevand A/S 0.4681 0.4681 0.4679 

Odder Spildevand A/S 0.3909 0.3909 0.3679 

Odsherred Spildevand A/S 0.4605 0.4605 0.4481 

Randers Spildevand A/S 0.3854 0.3854 0.3839 

Rebild Vand & Spildevand A/S 0.4504 0.4504 0.4275 

Ringkøbing-Skjern Spildevand A/S 0.2760 0.2760 0.2730 

Ringsted Centralrenseanlæg A/S 0.0535 0.0535 0.0311 

Ringsted Spildevand A/S 0.5107 0.5107 0.4840 

Roskilde Spildevand A/S 0.5620 0.5620 0.5619 

Rudersdal Forsyning A/S 0.4050 0.4050 0.3994 

Rødovre  Spildevand A/S 0.4413 0.4413 0.4275 

Samsø Spildevand A/S 0.4105 0.4105 0.3433 

Silkeborg Spildevand A/S 0.2710 0.2710 0.2690 

SK Spildevand A/S 0.4240 0.4240 0.4228 

Skanderborg Forsyningsvirksomhed A/S 0.2415 0.2415 0.2369 

Skive Vandforsyning A/S 0.3482 0.3482 0.3412 

Solrød Spildevand A/S 0.2402 0.2402 0.2373 

Sorø Spildevand A/S 0.5777 0.5777 0.5679 

Spildevandscenter Avedøre I/S 0.2695 0.2695 0.2693 

Stevns Spildevand A/S 0.3963 0.3963 0.3809 

Struer Spildevandsforsyning 0.0000 0.0000 0.0000 

Svendborg Spildevand A/S 0.4227 0.4227 0.4223 
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Company DRS CRS VRS 

Syddjurs Spildevand A/S 0.2539 0.2539 0.2532 

Sønderborg Spildevandsf. A/S 0.3241 0.3241 0.3240 

Thisted Spildevand A/S 0.0538 0.0538 0.0536 

Tønder Spildevand A/S 0.4675 0.4675 0.4668 

Tårnby Forsyning Spildevand 0.3052 0.3052 0.3043 

Vallensbæk Kloakforsyning A/S 0.7998 0.7998 0.7567 

VandCenter Syd a/s 0.1190 0.2025 0.1190 

Varde Kloak og Spildevand A/S 0.4456 0.4456 0.4409 

Vejen Forsyning A/S 0.4020 0.4020 0.3907 

Vejle Spildevand a/s 0.2486 0.3324 0.2486 

Vestforsyning Spildevand A/S 0.3684 0.3684 0.3659 

Vesthimmerlands Vand A/S 0.0653 0.0653 0.0600 

Vordingborg Spildevand A/S 0.2598 0.2598 0.2593 

Ærø Vand A/S 0.2592 0.2592 0.2443 

Aalborg Forsyning, Kloak A/S 0.2685 0.3731 0.2685 

Århus Vand A/S 0.1197 0.2056 0.1197 

 

 


