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What does this appendix do?  

This document supports the submission of South East Water’s business plan for 2020 to 2025 and 

provides:  

 An assessment of our totex efficiency performance looking at the progression of efficiency 

initiatives from inception in AMP5 and implementation into AMP6 

 a review of disruptive technologies likely to have most far reaching impact in the water 

sector in the 2020 to 2025 period 

 an outline implementation plan for enabling totex efficiencies through: 

o evolving best practice in asset management and asset construction 

o adoption of applied innovation in all aspects of our business 

o harnessing disruptive digital technologies   

The evidence you will find in this document  

The following evidence is included in this document: 

 Comparative benchmarking of our efficiency in 2015 to 2020 

 comparative assessments of our performance against best practice in other industrial 

sectors 

 our 2020 to 2025 totex efficiency toolbox to drive leading performance into the next period 

The decisions we have made based on this evidence  

We have made the following decisions based on this evidence:  

 To develop and enhance our top performing collaborative model for asset design and 

construction and adapt into an enhanced model for 2020 to 2025 

 adopt a more extensive data driven approach to Totex based asset management 

capabilities 

The key data tables you will find in this document 

You will find the following data tables in this document: 

 Table 1 Resulting plan efficiencies applied 

 Table 9 Summary of efficiency evaluations 

Other evidence and data that supports our decisions 

You will find additional evidence and supporting information in the following documents: 

 Appendix 13 Annex A Oxera South East Water Wholesale Botex assessment 

 Appendix 13 Annex B Independent Cost Report ChandlerKBS 

 Appendix 11 Annex A UCDB Report  

 Appendix 11 chapter 7 Wholesale plan cost efficiency (calculated savings) 

Need further information?  

Please email yourwateryoursay@southeastwater.co.uk if you require further information or wish to 

clarify anything in this document.  

 

mailto:yourwateryoursay@southeastwater.co.uk
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Executive summary   

This appendix examines the efficiency we have delivered in this period and the 

lessons we have learnt.  It assess the future opportunities for greater efficiency, using 

three methods: 

1. Econometric modelling 

2. Bottom up efficiency modelling 

3. Unit cost benchmarking (UCDB) modelling 

The triangulation of our efficiency reviews, and the continuation of key activities we 

have commenced since 2015, have been used to create our overall efficiency 

challenge. This ensures that we have correctly outlined the areas to target and 

priorities effort thereby reducing our costs. 

The output from this analyses was then integrated to form a combined picture of our 

efficiency potential for 2020 to 2025 and beyond, providing a clear indication of: 

 our relative efficiency compared to the leading companies in the market 

 the extent of efficiency catch up required in 2020 to 2025 to maintain our 

position as an industry leading efficient business 

 the specific areas that require improvement during the period. 

Our current efficiency position in general has been good when compared to other 

companies in the sector, but there are defined opportunities in the next period to 

improve and provide better value to our customers.  

Our final profile of efficiencies applied in the plan has been derived from the bottom 

up capex and opex Efficiency Toolboxes as detailed in chapter 3.2. This approach 

moves us beyond our comparative assessments of Frontier Modelling and UCDB 

benchmarking. It also provides us with the mechanism that can effectively deliver the 

required efficiencies in 2020 to 2025; Thereby ensuring we continue to deliver 

greater value to our customers whilst also meeting our customer service 

commitments. 

From the triangulation of results, our modelling assessments highlighted that our 

infrastructure cost faced a larger efficiency challenge. It was decided that we should 

therefore split our efficiencies by infrastructure and non-infrastructure programmes, 

as reflected in our resulting plan efficiencies applied in Table 1. This improves our 
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understanding and granularity of how we will embed our efficiency targets into the 

business going forward. 

Figure 1 below shows a summary of the concluding percentage efficiencies from the 

three modelling methods used and the resulting efficiency when applied in the plan. 

We have taken the best learning from each triangulation method to arrive at an 

overall efficiency hence the business plan efficiency is greater than any individual 

approach would suggest it should be. 

Figure 1 Triangulation of efficiency estimates 

 (Percentage reduction required over period)  

 

 

Experience shows us that it takes time for efficiency initiatives to be developed, and 

bed-in before full benefits are delivered, therefore, to apply a realistic efficiency 

position from the model to our plan we have applied a compound efficiency. The key 

finding of the assessment is that to maintain an industry leading efficiency position in 

the UK sector, we are required to deliver an overall Plan totex efficiency as per table 

1 below. 

This means we have set ourselves an ambitious but realistic efficiency challenge. 
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Table 1 Resulting plan efficiencies applied 

Efficiency Profile (Compounded) 

Programme Area Y1 Y2 Y3 Y4 Y5 Avg. % 

Infrastructure 2.53 5.00 7.40 9.74 12.03 7.34 

Non-Infrastructure 1.80 3.57 5.30 7.01 8.68 5.27 

Opex 1.13 2.24 3.34 4.42 5.50 3.32 

 

These values combine to generate the total totex efficiency challenge of 5.1% and 

a saving of £45M, when applied to our controllable costs with in our base and 

enhancement plan (4.5% saving on total plan cost). We believe this represents both 

a challenging and realistic efficiency target to our plan. 



 

PR19 Supporting Appendix 13, Wholesale efficiency assessment | 3 September 2018 
 

Not confidential | Author: Richard Dixon | Last saved: 01/09/18 

File name: Appendix 13 Wholesale Efficiency FINAL 180901  Page 8 of 47 
 

1. Our efficiency journey  

1.1 Current efficiency focus 

At the start of the period 2015-20 we undertook a number of reviews with our wider 

supply chain, and examined all the business models that deliver our processes 

assessing the effectiveness of delivery and lessons learnt from the previous period. 

We also drew from sources of recognised best practice such as: 

 The Office for Government Commerce’s Managing Successful Programmes 

guidance; 

 Association of Project Management 

 

The review covered all elements of delivery from power costs to capital delivery.  We 

used benchmarks from the data within econometric models, in particular the PR14 

econometric models.  Our main source was to use benchmarks via site visits with six 

of the good performing companies within the sector plus visits to companies in the 

rail sector, power sector and aeronautical industry.  Importantly we held a number of 

sessions with our key delivery partners’ right across the supply chain to understand 

how our operation can assist in their ability to maximise efficiency and to learn from 

the models they have seen elsewhere.  

A key piece of information we used was a very detailed yearlong study we undertook 

with the Saur group who manage over 1500 municipal water contracts in France.  

This study gave us great insight into a number of areas.  In particular how to manage 

operational activity across geographical distinct areas, how to co-ordinate and run 

activity from a central platform with consistency of operation and their approach to 

embedding efficiency.  Saur assessed SEW as if they were bidding to run the “SEW 

contract” in-line with their approaches in France. 

The discussions centred on delivery and contract arrangements as well as business 

models and key processes.  The main learnings were in the areas of: 

 Totex programme management 

 Capital delivery 

 Power management  

 Operational structures and delivery models (field staff) 
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1.1.1 Totex programme management 

The benchmarking revealed that the largest opportunity for improvement in terms of 

programme management that should be addressed for 2015-20 delivery, was to 

review the role and structure of our existing Programme Management Office (PMO) 

On the back of this we undertook a transformation project to align our key investment 

processes and structures to meet this challenge.  Our objective was to ensure 

maximum customer value in our investment planning process through the complete 

asset lifecycle from needs assessment, project planning, design and construction of 

improvements to the asset stock.  How have we achieved this? 

1.1.2 The Programme Definition and Optimisation Team (PDOT) 

The Programme Definition and Optimisation Team (PDOT) was established to lead 

and be accountable for the optimisation and delivery of the totex programme and 

delivery the efficiency programme. This was achieved by full cross business 

communication, assessment of benefits, risks, innovation to realise efficiencies.  

PDOT was also established to maintain strong project governance through a gated 

process which challenges projects requirements, such as scope change and 

increased forecasts prior to construction. This ensures the deliverables are agreed 

and completed at the right time with adequate funding. The management of project 

risk is incorporated into the governance process thus ensuring adequate funds are 

available should risks occur. Where risk costs do not materialise funds are released 

and can be considered for reallocation to new schemes. 

A  PDOT efficiency target of 3.5 per cent per year has been set and can be explored 

from all areas of the programme. Technical challenge, innovation and project 

bundling are all key to realising efficiencies and delivering new and improved 

solutions. Quarterly efficiency reviews have be undertaken to monitor progress. 

Through robust governance and the management of efficiency and innovation, the 

3.5 per cent target saving for the period will be achieved and the programme 

successfully delivered.  Overall an efficiency of approximately £13.1m can be 

achieved. 

Figure 2 below demonstrates that the PDOT team sit centrally in our structure coving 

all elements of delivery and in consideration of the whole life cycle of our projects and 

assets. 
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Figure 2 PDOT whole cycle view 

 

PDOT was designed to increase the level of innovation in our business, and we have 

ensured that PDOT challenges each area of work to consider innovation.  This has to 

be balanced against the need to maintain consistency in design standards which in 

itself maintains efficiency through economies of scale in routine maintenance 

activities.   

We therefore expected to show that: 

 all schemes have been challenged in terms of need against alternative 

programmes 

 where appropriate, design standards have been implemented to improve 

procurement and whole life cost 

 innovation has been considered in each project 

The diagram below represents the PDOT review processes. 
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Figure 3 Programme review and challenge process.  

 

1.1.3 Capital delivery 

Another focus of the benchmarking exercise was around capital delivery which 

represent over 50% of our totex expenditure. 

 Ensuring high capital investment efficiency: the benchmarking revealed 

that our current model is a lean delivery model characterised by an integrated 

team comprising Tier 1 supply chain and internal staff. Our model has 

incorporated many of the primary success factors of the most efficient models 

in the sector. In practice this means we invest more in our assets and less in 

wasteful overhead costs.  

 Capital investment overhead analysis: the cost tower below represents the 

cost components that make up our investment portfolio. Three principal costs 

groups influence the out-turn cost of the capital work we do, the Prime Cost 

(Base cost excluding any overheads) that reflects the contractors work in 

building new assets, the Contractors Overheads that reflect the cost of 

managing the construction process, and the Overhead, all costs incurred in 

the planning, management and governance of the projects.  
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Figure 4 Cost tower 

An efficient capital delivery model 

aims to reduce the blue component, 

Overheads and maximise the 

yellow component, the built asset.  

The black component, Contractors 

Overheads, is normally set during 

the competitive procurement 

process, and aims to strike a 

balance between allowing the 

contractor a slim but sustainable 

profit, and provision of risk the 

contractor carries in managing the 

complexities of a modern and safe 

construction project. 

These figures benchmark well against the sector with both a lean overhead and low 

Contractor Overheads compared to most. The net result is the proportion of 

investment made in actual assets on the ground, at 61%, is high for the sector and 

leading in comparison to the competitor companies, as illustrated in the graphic 

below. 

Whilst these findings show we are delivering capital works in a well-structured and 

effective way, the frontier for efficiency is continually moving and we need to continue 

to push for greater efficiency and find innovative ways to drive greater value. It can 

be seen from the preceding analysis that there are diminishing returns to be gained 

from trying to simply squeeze our supply chain to drive further gains into the 

overhead categories, rather we are seeking a more innovative and balanced solution.  

Figure 5 Base pound in the ground comparators 
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To understand the scope for these further efficiencies we have drawn conclusions 

from an independent review of current water sector delivery inefficiencies. This 

innovative and exhaustive work is unique in that it uses an amalgam of data from a 

common spectrum of water sector project types and marries the detailed granular 

cost data to the root cause of inefficiency that occurred on each project. This review 

is summarised in the graphic overleaf and pinpoints several areas where we are able 

to improve our processes for investment planning, namely: 

 Front end planning processes that focuses on better verification of root cause 

of the investment need, base data and key assumptions 

 Risk and value processes that challenge the correct basis of scope 

 Limit programme schedule volatility by advance portfolio development and 

prioritisation 

 Develop jointly incentivised integrated teams that limit hand offs in the project 

lifecycle and fee on fee 

 Embracing operational engineering: In response to the need for effective 

delivery of smaller maintenance schemes, also as a result of more focus in 

totex planning and best practice seen in our benchmarking exercises. We 

have embedded an integrated operational engineering team. This team 

operates on a parallel runway to the conventional capital investment 

processes. This Operational team is focussed on delivery of small 

improvements and capital maintenance of lower value. This small team is 

nimble, directly interfaces with the operational needs of the business and can 

deliver results rapidly with minimal overhead.  It benchmarks well against the 

sector and provides a sound basis of efficient delivery going forward. 

 Collaborative working and co-location: One learning from discussions with 

delivery partners and the supply chains was the importance of adopting a 

collaborative approach to project delivery and were keen to take positive steps 

to ensure that the working environment is structured appropriately to achieve 

this across all parties. It was agreed that in order to streamline the delivery 

process and to get as much of the decisions made right first time, it would 

require our delivery partners to be co-located.  

 The setting up of contract ‘runways': Our supply chain also offered further 

efficiencies if we develop different contract arrangements better suited to their 

own model for delivering efficiency. These framework contracts are intended 

to be long term and renewable and extend up to 15 years. We believe that 
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providing a longer term contractual commitment will allow our delivery partners 

to take a long term view that encourages them to commit and to invest for the 

future. 

 Benchmarking: success factors for lean delivery:  In a supplementary exercise 

with our supply chain partners we have assimilated and tested the common 

success factors that recur in the most successful and efficient capital 

investment delivery models across the water sector and other infrastructure 

intensive industry groups. We have assessed our performance against these 

success factors as highlighted in the benchmark graphic overleaf.  

This benchmark indicates for the majority of areas we are delivering the basic 

elements well but with room for improvement in our next model for capital 

delivery. Two areas of specific action are: 

 Cost visibility would aid us in giving far greater cost intelligence and 

understanding the key areas of cost challenge and waste in our portfolio. 

 Defined efficiency plan would provide a structured framework for driving 

efficiencies across the portfolio.  
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Figure 6 Benchmarking against critical success factors  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cost Transparency 

Fully visible cost breakdown, visible at each 
gateway in standard visibility sheet format, open 

to challenge and governance 

Right First Time Scope 

Predictable Schedule 
and Costs 

Right Sized 
programme 

Good Programme 
Visibility/ Volatility 

Front end planning processes focussed on root 
cause, key assumptions verification and robust 

base data to deliver solid scope 

Projects with clear baseline cost and schedule, set 
as targets to beat. Deploy lean production 

collaborative planning (Should, Can, Will, Did) 

Scale the delivery outfit to the programme size, 
keeping teams light and running hot. Set small 

clear portfolios of £50m to £60m pa.  

Develop project needs and scopes early and 
sufficiently in advance to allow portfolio bundling 

& a steady state delivery portfolio 

Clear well defined efficiency plan, efficiency 
enablers embedded early, high risk appetite for 

innovation and new ways of working. 

Excellent Limited 

Integrated Team with 
Tier 1 & 2 Supply Chain 

Formation of a collective single brand alliance 
integrating multi-functional teams from supply 

partners & client   

Aligned & Incentivised 
to Business Plan  

Leadership & 
Accountability 

Light management tier 

Collaborative 
Behaviours 

Clear simple targets, back to back with business 
plan for cost & service.  Collective programme 

level gain/pain pot, programme fee at risk 

Clear accountabilities with visible RACI, limited 
hand off between parties, life cycle project 

managers & sponsors. Poor performers ejected 

Small management overhead tier, multi-
functional engineering teams serving cross 

programme groups 

Partners with collaborative culture, good 
talented skilled people, co-located, singe team 

under single brand with clear common objective  

Single central programme risk pot with no tiered 
risk allowances. Pot assimilated from project risk 

registers and with appropriate risk owners 

Risk owned by 
appropriate party 

Definitive Efficiency 
Plan 
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1.1.4 Power management  

2015-20 energy efficiency 

Procurement of energy has been to a high standard during the current period and 

contributed to our ability to control energy cost. Going forward we will continue, in 

partnership with our energy partners Ameresco to procure contracts which provide 

good value against a continuing backdrop of increasing wholesale energy prices, 

primarily driven by government policies and initiatives.   

Procuring energy contracts is just one facet of effective energy management.  Once 

procured, we strive to use energy in the most effective way to ensure we work hard 

to use energy as efficiently as possible while further exploring ways we can make 

additional savings.  Among the approaches we have undertaken during 2015 to 2020 

are: 

 Miser – network and pump scheduling optimisation. Miser is our highly 

configurable and flexible suite of decision-making support tools that optimise 

water management, asset and resource planning and their associated costs. It 

means we can optimise our portfolio of energy assets so that we deliver water 

at least cost. We have tariff management approaches in place to use to 

ensure our assets use energy when tariffs are lower, and conversely restrict 

the use of those same assets use during peak tariff periods - for example, 

Miser ensures our service reservoirs are filled during off-peak charging 

periods. 

 

 Triad avoidance. The triad system is the way National Grid charges businesses 

for the cost of the transmission network during extreme demand periods. The cost 

of energy in a triad period is very high and is a clear price signal to large energy 

users to reduce their consumption and ensure energy is available for all 

customers. We have worked hard to avoid triad period impacts and so reduced 

our exposure to very high energy tariffs. Triad avoidance has been achieved via a 

variety of methods:  

 Export pilots. The use of our resilience generators has allowed us to 

undertake pilot schemes that export electricity back into the national grid, for 

which we receive payments that we offset against our usual energy costs. 

Exporting back to the national grid also supports the UK’s broader energy 

aspirations to balancing energy demand in the network to maintain a constant 

level of generation. 

 Pump efficiency. Over a period of time pumps become less energy efficient. 

While we can, and do, replace them, we have begun studies on refurbishing 

them. These studies have a two-fold advantage in that they improve our asset 
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cost information (which can be fed back into Miser optimisation tool) but also 

identify pumps where refurbishment can lead to improved energy efficiency 

and reduce energy running costs. 

1.1.5 Operational structures and delivery models (field staff) 

After examining the challenges we faced in terms of ODIs and efficiency we needed 

to deliver, we undertook a change programme based on the benchmarking exercise 

we undertook aimed at changing how we manage and operate our field teams.  We 

called this project Ops2020.  The aim of the project was to develop a model with 

increased consistency of approach right across the business, improved 

accountability, increased focus on customer satisfaction and improved efficiency.  

We moved from a regionally based model to a model with a newly formed central 

operations team.  The structure and function of this team was heavily influenced by 

the Saur project and mirrors operation centres used for French municipality contracts. 

Other key efficiency related changes included: 

 Increased ability for field staff and the supply chain to work entirely remotely 

 Increased visibility of field activity throughout job progress to the central team 

 Major restructuring of operational directorate to align with central model  

 Improved granularity on job types to improve central scheduling 

Overall this approach has both delivered improvements across all operational ODIs 

as well as increased operational efficiency. 

1.2 Examples of efficiencies delivered in AMP6 – capital delivery 

All schemes delivered in 2015 to date have been challenged through the gated 

governance process. Some significant efficiencies have been identified with notable 

examples: 

1.2.1 Water resource schemes Maytham Farm and Cowbeach 

Maytham Farm and Cowbeach water resource schemes looked to increase the 

abstraction and treatment capacity of existing works. Through early challenge and 

design review by PDOT, significant risks were identified with the current designs. 

Primarily due to raw water quality (saline intrusion) and likely further sustainability 

reductions. Following this alternative, options were considered, leading to the 

reinvestment of cost into Bewl to Hazards transfer scheme, early consultation and 

development of Aylesford Newsprint and additional leakage projects focused on out 

performance. These solution represent an overall saving of £7.3m.  
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1.2.2 New contracts and incentivisation model 

At the start of 2015 we implemented new contracts and incentivisation models 

covering all of our engineering construction. These contracts by design, focused on 

pain gain sharing of costs, looking at alternative approaches and innovation. Across 

our whole programme this has delivered £3.6m 

1.2.3 Water resource scheme Keleher WTW 

The Keleher water resource scheme was to increase the abstraction and treatment 

capacity of works by 23Ml/d at a total cost of £24m. The original project scope 

included the requirement to purchase additional land for the construction of some of 

the new treatment. Following a process study as part of challenging the design it was 

identified that upgrades to the exiting ozone and chemical treatment would negate 

the need for a new contact tank and additional land purchase. During construction 

other smaller efficiencies have also been identified giving an overall saving of £3.6m 

which represents a saving of 15%. 

1.2.4 Energy efficiency 

Since 2015 we have been developing a detailed programme for energy efficiency. As 

previously stated this has concentrated on network modelling, Triad avoidance, 

export trails and pump efficiency. As we implement this programme we are seeing a 

year on year increase in our saving, over the period 2015 - 2020 we forecast total 

savings of £1.0M  

1.2.5 Water Industry National Environmental Programme 

Efficiencies were identified in the delivery and solution selection by early stakeholder 

engagement, resourcing of programme and partnering, innovative least cost 

solutions, working direct with farmers and the Environment Agency (EA). This has 

resulted in £2.0m of efficiencies 

1.2.6 Water resources management programme  

Efficiencies were identified in the delivery through optimisation of programme, 

working with stakeholders, early engagement with Jacobs’s consultancy. This has 

resulted in £1.9m of efficiencies 

1.2.7 Customer metering programme 

Following on from lessons learnt in delivery and through development of a positive 

customer engagement plan, it was decided that the programme could be accelerated 

and completed 2 years early. This has resulted in a saving of overheads of 

approximately £2.0m.  
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2. Our efficiency reviews 

To ascertain the future totex efficiency challenge, we have undertaken a number of 

parallel but complementary analysis to arrive at our estimate, including: 

1. A comparative top down econometric assessment of the botex spend 

relative to the England and Wales water sector using econometrics.  

2. Bottom up efficiency modelling developed from: 

a. the current capital efficiency plan deploying the capex efficiency toolkit, 

and; 

b. the current operational efficiency plan deploying the opex efficiency 

toolkit. 

3. Benchmarking of our relative performance of efficiency as follows: 

a. Overheads spend on capital investment delivery relative to UK water 

sector norms 

b. Prime cost spend (excludes overheads or outrun adjustments) on 

capital equipment and assets relative to UK market rates 

c. Comparative performance against industry best practices from across 

the UK water sector and other infrastructure and process industry 

sectors. 

d. Operational spend relative to international water company benchmarks 

The output from these key analyses are summarised in this appendix and these data 

points are then integrated to inform a cohesive picture of our efficiency potential for 

the period of 2020-25. This provides a clear indication of: 

 Our relative efficiency compared to the leading companies in the market 

 The extent of efficiency catch up required to maintain our position as an 

Industry Leading efficient business 

 The specific areas that require improvement during the period 
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2.1 (1) A comparative top down econometric assessment 

We commissioned Oxera to provide an independent assessment of historical base 

total expenditure (botex) performance for wholesale water services using top-down 

econometric modelling.  

The starting point for this assessment is to recognise that efficient wholesale water 

costs are affected by a number of factors, including:  

 catch-up efficiencies - i.e. cost reductions from catching up to the efficiency 

frontier, as set by best practice in the water industry; 

 real price effects - i.e. changes in the price of labour, capital and raw 

materials net of CPI; 

 frontier-shift efficiencies - i.e. cost reductions from technological 

improvements, learning effects etc.  

The analysis presented in this paper focuses on estimating each of these three 

factors for SEW as its efficient wholesale water costs over 2020–25 will depend on 

the impact of these factors, among other things. For example, the assessment 

presented in Oxera’s report does not account for forward-looking effects, such as 

anticipated volume growth (e.g. number of properties), changes in unit costs and/or 

decrease/increase in activities in specific cost categories. 

2.1.1 Historical relative efficiency assessment – catch-up 

Using data published by Ofwat as part of the cost modelling consultation,1 Oxera has 

assessed the historical relative efficiency of South East Water (SEW)’s expenditure 

on water BOTEX and estimated the ongoing efficiency assumption that could apply 

at PR19.  

To determine SEW’s relative efficiency on BOTEX, models submitted by SEW and 

published by Ofwat as part of Ofwat’s modelling consultation were considered. The 

pooled OLS estimation approach used in the modelling consultation was examined, 

alongside SFA and RE, which are able to accommodate company heterogeneity and 

isolate inefficiency from uncertainty/noise. The alternative approaches are used 

widely by UK and continental European regulators. 

Considered initially are the models submitted by ourselves2 as part of the 

consultation process that captured key industry-wide characteristics, and therefore 

form part of our assessment of relative efficiency. These models were consistent 

                                                
 

1 Ofwat (2018), ‘Cost assessment for PR19: a consultation on econometric cost modelling’, March. 

2 SEW May (2018) ‘Cost assessment for PR19 response’ 
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from an operational and engineering point of view as well as being statistically robust, 

with the estimated coefficients being of the right sign and of plausible magnitude. 

The assessment showed that SEW’s rank in the four models used in the historical 

assessment appear to be efficient based on the three different approaches, being 

always ranked in the top three companies (out of 17).   The proposed SEW models 

were submitted in response to the Ofwat’s “Cost assessment for PR19: a 

consultation on econometric cost modelling” (March, 2018).  The below table outlines 

the ranking achieved using various approaches. 

Table 2 SEW econometric models – relative efficiency 

 SEWWW1 SEWWW2 SEWWW3 SEWWW4 

Rank (pooled OLS) 3 1 1 2 

Rank (RE) 3 1 1 2 

Rank (SFA) 3 1 2 2 

 

Given we are ranked within the upper decile across the four models, our estimated 

catch-up efficiency gap is 0%.  As such, the choice of a particular benchmark (e.g. 

upper quartile, upper quintile.) does not affect SEW’s historical efficient cost 

predictions. To that end, an upper-quartile benchmark, as considered by Ofwat at 

PR14 and Ofgem in the RIIO controls, would indicate that SEW’s historical 

expenditure is efficient. 

Ofwat’s econometric cost models provide an alternative assessment of SEW’s 

efficient level of base expenditure. Ofwat models capture SEW and the industry’s key 

characteristics to different extents and therefore are likely to provide an alternative 

view on SEW’s cost performance depending on the model specification considered.  

In contrast to the proposed SEW models, the wide range of proposed Ofwat’s models 

produce an equally wide range of SEW’s rank positions, as presented in the table 

below.  

Table 3 Ofwat econometric models – relative efficiency 

 OLS RE SFA 

Rank range (out of 17) 5–13 5–13 3–13 

 

The low ranks indicated in the table are driven by models that we consider do not 

robustly capture key operating characteristics for the industry and SEW, such as 

geological factors and treatment complexity.  The absence of these key operating 
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characteristics in Ofwat models delivering a low SEW ranking has directly led to our 

cost adjustment submission to correct for these omissions.  The range of ranks 

across the models does put in to question the strength of these models in predicting 

costs. 

Oxera’s triangulation on Ofwat’s models SEW’s efficient cost predictions suggest a 

catch-up target between 2% and 3%.  

Separate modelling of the components of base totex (for example, water resources 

and network plus separately) provide an alternative view on SEW’s efficiency, and 

may better capture company-specific factors.  The outcome of this analysis 

triangulated across Ofwat’s value chain models provides an aggregate estimate 

between 0%–2% catch-up, which is in line with the results obtained by modelling 

aggregate botex.  

Therefore, based on the last six years of data and a wide consideration of model 

specifications, aggregation and triangulation possibilities, SEW’s required historical 

catch-up to get to an estimated efficient level is considered to be around 1%.  

Both the wholesale water botex models submitted by Ofwat and SEW were 

reassessed in light of the 2017/18 data submission in July 2018. The model results 

and estimated efficient cost predictions were largely insensitive to the additional year 

but did suggest an overall improvement in SEW performance across all models.  

2.1.2 Ongoing efficiency assessment 

Catch-up assessment has been complemented by an analysis of input price effects 

and productivity improvements. On the assumption that there are no changes to the 

quality and quantity of the outputs produced, the net effect between these two 

components will determine our ongoing efficiency improvement in 2020 to 2025. 

To estimate the input price pressure Oxera have considered our input mix and linked 

each cost component to an appropriate inflationary forecast. Oxera results suggest 

real price effects (net of CPIH) of approximately 0.3% per annum on botex. At the 

disaggregate levels, this corresponds to a RPE of 0.4% p.a. for water resources and 

0.3% p.a. for network plus botex. 

The assessment of productivity improvements based on Total Factor Productivity 

(TFP) in comparable sectors of the economy suggests a TFP estimate of 0.8% per 

annum for botex and 0.7% and 0.8% for water resources and network plus botex 

respectively.  

The combination of input price inflation and frontier shift results in a net frontier shift 

of approximately 0.5% per annum on botex overall. In other words, productivity 
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growth is expected to outstrip the input price pressure over the period 2020 to 2025 

at about 0.5% per annum. 

2.1.3 Conclusion of econometric assessment 

Assuming catch-up efficiency is achieved in year one, then the following profile of 

combined efficiency, and output of this independent study, is outlined in the below 

table. 

Table 4 Profile of combined efficiency 

Efficiency 2020-21 2021-22 2022-23 2023-24 2024-25 

Catch-up -  per annum 1.00% 0.00% 0.00% 0.00% 0.00% 

General – per annum 0.5% 0.50% 0.50% 0.50% 0.50% 

Combined – per annum 1.5% 0.50% 0.50% 0.50% 0.50% 

Compounded 1.5% 1.99% 2.48% 2.97% 3.46% 

 

2.2 (2) Bottom up efficiency modelling 

As part of this assessment, we have considered a range of potential efficiency areas, 

which have been built up to form our capital and operational toolboxes. Against this 

we have also created the likely range of efficiencies based on bottom up modelling. 

As a result of this work, we have assessed the resulting capex efficiency gap as 

6.4% and the opex efficiency gap as 3.0%. Our final profile of efficiencies as applied 

in the plan has been derived from these efficiency gaps. 

2.2.1 Bottom up efficiency model _ capex  

The bottom up efficiency model is built by extracting from the investment plan the 

granular asset type data for each key asset category.   

We then used two approaches for the assessment the toolbox approach and the cost 

tower approach. 

For the tool box approach our partners Jacobs have identified the efficiency 

expectations for each technique or approach and applied a likely maximum and likely 

minimum efficiency to each material asset category as follows: 
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Table 5 Capital efficiency toolbox 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.2 Rationale 

The efficiency model must reflect the type of assets and type of construction activity 

that will be undertaken. By categorising and developing a bottom up model based on 

asset type, the model allows us to assign the likely efficiency impact of different 

techniques to categories of assets with different characteristics and therefore makes 

allowance for variable impacts of construction opportunities and risks across the 

asset stock.  

The data set used is a representative cut of the bottom up investment plan build that 

reflects: 

 The relative materiality and importance of each key asset category 

 The likely composition of the assets to be built or modified  

The model makes allowance for the following: 

 It reflects that only a percentage of each asset stock will benefit fully from 

each efficiency treatment. The reason is that water sector assets have a 

low level of standardisation coupled with a wide asset age. This means 

that certain modern technologies cannot be easily applied. For example, 

this is often the case with intelligent control systems not interfacing with 

conventional hardwired controls. 

MIN MAX

Operational Process Verification 1.5% 3.0%

Baseline Design Data and Assumption Verification 1.5% 3.0%

Early Contractor Involvement from project inception 0.0% 1.0%

Rationalisation and Integration of asset design data through 

Connected Digital Enterprise applications
1.0% 2.0%

Risk and Value Challenge Design Process ~ princiles of 

Eliminate, Operate, Optimise, Excavate
1.5% 3.0%

Design targets for Carbon & Speed of Construction 1.0% 3.0%

Cost Optimisation & Cost Intelligence led Design 0.0% 1.0%

Digital Engineering Platforms - drones, BIM, VR, AR 0.0% 1.0%

Integrated Co-located team with common incentive model 0.5% 1.0%

Lean common processes across all stakeholders 0.0% 1.0%

Optimize and Rationalise Overhead Roles and 

Responsibilities
0.0% 1.0%
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MIN MAX

Intelligent MCC's and Emerging Low Cost IOT Sensors 0.0% 2.0%

M&E Specialist Contractors/ Modular Construction 0.0% 1.0%

Standard Product Catalogue 0.5% 2.0%

Specification Review and Optimisation 0.0% 1.0%

Design for Manufacture & Assembly 0.0% 1.0%

Local Supply Chain Development Programme 0.5% 1.0%

Supply Chain Incentivisation Model 0.5% 2.0%

Supply Chain Design, Rationalisation and Kit Framework 

Alignment
0.0% 1.0%

Visibility of forward workload to enable efficient delivery 

planning - Bundling with low schedule volatility
1.0% 2.0%

Mains Renewal Asset Risk Modelling 1.0% 2.0%

Multi-driver mains renewal optioneering 1.0% 2.0%

Infrastructure advanced investigatons and alternative 

techniques
1.0% 2.0%

Infrastructure construction productivity management 1.0% 2.0%
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 It reflects that increasingly with the extent of totex orientated planning 

techniques, more assets are rehabilitated, adapted or extended rather than 

replaced with modern equivalents. Many of the new techniques, such as 

Standard Products, do not often lend themselves to application in 

rehabilitation or extension scenarios. 

 It reflects that there can be variable savings with some efficiency 

techniques. 

The model accommodates these likely impacts by applying a confidence factor to 

each efficiency activity in the toolbox and to each asset category.  

The following confidence grading table has been applied to elements of the bottom 

up capex efficiency model. 

Table 6 Confidence grading  

 

 

 

 

 

 

 

 

 

 

 

 

2.2.3 Toolbox model output 

The bottom up efficiency model outputs a minimum likely efficiency of 4.6%, and a 

maximum theoretical potential efficiency of 14.6%. In reality, to achieve the upper 

bound would require all the efficiency initiatives to be executed at the very outset, 

and across the whole portfolio, which itself requires all efficiency enabling work to be 

implemented ahead of April 2020 and that they are all perform as expected. 

Experience shows that it takes time for efficiency initiatives to be developed, to bed in 

and mature before full benefits can be delivered. Hence a realistic efficiency position 

from this model is for an average efficiency at the midpoint or below of the efficiency 

range quoted. 

Confidence Grade

applied to values

Confidence Level Data Sources

1 Very Low

▪ Unverified engineering assessment

▪ Unverified project data sources

▪ Minimal sample of project data < 3 projects per programme type

2 Low
▪ Engineering assessment based on unverified data sources

▪ Limited sample of project data < 10 projects per programme type

3 Medium
▪ Engineering assessment based on previous or current investment planning experience

▪ Medium - large sample of historical project data < 20 projects per programme type

4 High

▪ Engineering assessment based on comprehensive and fully verified business plan or 

project data set

▪ Large current or historical project data set for similar programmes of work > 20 

projects per programme type

5 Very High
▪ Comprehensive and fully mapped current or historical project data set for similar 

programmes of work
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2.2.4 Cost tower efficiency model _ capex 

The Cost Tower model is an alternative method of evaluating the impact of the 

efficiency initiatives in the Capital Efficiency Toolbox. The model breaks down the 

investment plan into its constituent functional parts in a granular way as follows: 

 Disaggregated into: Programme Overheads, Contractor Overheads, MEICA 

construction and Civil Construction and calibrated against the actual 

proportions of each within the current period delivery model 

 The breakdown of MEICA to Civil split and Infra to Non-Infra split is calibrated 

against the bottom up asset type elements of from bottom up investment plan. 

 Overheads are broken down into optioneering, design, environmental, SEW 

staff costs and risk. 

 Construction is broken down into labour, plant, materials and specialist sub-

contractors. 

Each efficiency initiative is mapped to each appropriate element of the cost tower 

and the efficiency calculated for each component in the cost tower. The model is 

further calibrated with specific efficiency caps for each element of the cost tower that 

represent the realistic maximum efficiency that might be achieved for a given cost 

tower element.   

The confidence grades are applied to this model as per the bottom up toolbox capex 

efficiency model in Table 6.  

2.2.5 Bottom up cost tower model summary – capital efficiency 

The cost tower efficiency model outputs the following:  

 For non-infrastructure: a minimum likely efficiency of 4.8%, and a maximum 

theoretical potential efficiency of 14.3%.  

 For infrastructure: a minimum likely efficiency of 5.2%, and a maximum 

theoretical potential efficiency of 13.6%. 

As per the bottom up toolbox capex efficiency model the same caution must be 

applied to the upper end estimate, which is shown in both cases to border on the limit 

of the best possible outcome cap values. 

2.2.6 Bottom up efficiency model _ opex 

The bottom up opex efficiency model is based on the 10 key opex efficiency 

initiatives that are applied to each element of the 2020 to 2025 business plan 

operations budget.  
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Table 7 The opex efficiency toolbox 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The model makes allowance for the following: 

 Efficiency initiatives are mapped to each element of the opex cost tower 

 Likely maximum and minimum efficiency impacts are set for each initiative and 

are applied to the appropriate elements of the cost tower. The efficiency 

impacts have been calibrated against the analysis undertaken independently 

by Saur and Jacobs in their assessments of efficiency potential. 

2.2.7 Model output – opex summary 

The opex efficiency model outputs a minimum likely efficiency of 1.4%, and a 

maximum theoretical potential efficiency of 5.5%.  Caution must be applied to the 

upper end estimate, as to achieve all the benefits listed in the Innovation Toolbox 

would require implementation and embedment of a number of cultural and emerging 

digital technology changes and these will require to bed in and mature before full 

benefit can be achieved. 

2.2.8 Bottom up model summary 

Taking each of the bottom up assessments, we have various data points that provide 

the likely range of efficiencies based on bottom up modelling. Based on this work we 

have assessed the capex efficiency gap as 6.4% and the opex efficiency gap as 

MIN MAX

Energy Reduction Programme 0.5% 1.5%

Optimising Totex Planning Approaches 0.5% 2.0%

Predictive Perfomance Analytics using Real-time Monitoring of 

Above Ground Assets to Reduce Opex costs
0.0% 1.0%

Predictive Asset Health Analytics with Real-time Monitoring of 

Critical Above Ground Assets to Reduce Maintenance Costs
1.0% 5.0%

SMART networks - analytics driving insights, customer feedback 

and experience management, calm networks
0.5% 2.0%

Supply chain incentivisation focussed on customer experience 0.0% 0.5%

Customer vulnerability anaytics to enable faster assistance and 

reduce bad debt outcomes
0.0% 0.2%

Integrated Operational Engineering to drive low cost 

maintenance
0.5% 1.0%

Optimisation of field staff deployment using Real-time data 2.0% 4.0%

Real-time predictive response to bursts and leakage events 0.3% 1.0%
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3.0%, which combine to provide a totex efficiency gap of 4.8 %. On the basis of 

these assessments, we have deducted the following scenario as a reasonable but 

challenging totex efficiency target suite for the 2020 to 2025 period.  

Figure 7 Calculated efficiency gap 

 

2.2.9 Derived profile applied to plan 

Experience shows that it takes time for efficiency initiatives to be developed, and to 

bed in before full benefits are delivered, hence to apply a realistic efficiency position 

from this model to the plan, we created a compound efficiency table as below. As 

previously stated this considers: 

 the time required to embed the efficiency 

 targets the greater efficiency required from our infrastructure costs 

 results in an average efficiency of: 

o capex 6.3% 

o opex 3.3%    
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Generating the total totex efficiency challenge of 5.1% and a saving of £45m, when 

applied to our controllable costs within our base and enhancement plan. 

 

Table 8 Resulting plan efficiency’s profile applied 

Efficiency Profile (Compounded) 

Programme Area Y1 Y2 Y3 Y4 Y5 Avg. % 

Infrastructure 2.53 5.00 7.40 9.74 12.03 7.34 

Non-Infrastructure 1.80 3.57 5.30 7.01 8.68 5.27 

Opex 1.13 2.24 3.34 4.42 5.50 3.32 

 

2.3  (3) Benchmarking of our relative performance  

As our unit cost database is the cornerstone of our future cost prediction we 

undertook an independent assessment by ChandlerKBS of the potential efficiency in 

this area. 

2.3.1 ChandlerKBS cost assessment 

The capital cost of asset renewal and asset creation is predominantly defined by the 

unit cost of construction of the key asset elements. We have built our capital 

investment plan using our Unit Cost Data Base. From the assessment of the 

investment plan, we have selected the top 20 unit cost lines that combined account 

for 32% of the capital investment total.  

2.3.2 Methodology applied 

To assess the relative efficiency of these critical cost lines we commissioned 

ChandlerKBS to independently develop the expected cost range for each cost line 

using their own database industry costs. 

 ChandlerKBS is a market leader in the development of cost databases within the 

water industry. They have managed cost databases for Thames Water, Southern 

Water, Welsh Water, South West Water, Scottish Water and Bristol Water. Their 

detailed knowledge of cost databases has enabled them to develop expertise in cost 

modelling at process level and elemental level. They are often requested to 

benchmark clients’ data against other water industry companies and have delivered 

services to many other water companies and to Ofwat themselves. 

ChandlerKBS split the work into three parts as follows: 

1. Graphical illustration of the cost curves. 
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a. A table of our cost curve equations was provided to ChandlerKBS to 

produce graphical illustrations of the cost curves. 

b. For each of our cost curves, a Microsoft Excel sheet was used with a 

graph to represent our cost curves by producing a scatter plot with 

smooth lines from 10 evenly spaced data points. 

 

2. Alignment of ChandlerKBS industry data to our Unit Cost Database. 

 

3. Graphical illustration of industry high costs and low costs against our cost 

curves. The output allows comparison of the relative efficiency of each critical 

line. 

a.  A review was carried out of ChandlerKBS industry cost data to ensure 

a like-for-like comparison to our Cost Curves. 

b. The ChandlerKBS industry costs have been adjusted to September 

2017 prices to align price base. 

c. adjustments to account for different issues including: 

i. Yardstick maximum and minimum range and / or unit. 

ii. Cost curve scope inclusions / exclusions. 

iii. Adjustments for regional costs are included using published 

indices from Building Cost Information Service (BCIS) to enable 

direct comparison 

2.3.3 Assessment results 

The base cost benchmark assessment shows that: 

 Infrastructure cost lines are on average 9% less efficient than the equivalent 

portfolio of leading industry unit rates and are applicable to 56% of the 2020 to 

2025 plan. 

 Non Infrastructure cost lines are on average 7.2% more efficient than the 

equivalent portfolio of leading industry unit rates and are applicable to 36% of 

the 2020 to 2025 plan. 

The figure below shows resulting ChandlerKBS cost variance from ours for each cost 

function considered. 
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Figure 8 Average top 20 results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The combined efficiency gap from the bottom up cost line benchmarking indicates an 

overall weighted efficiency position on prime cost of a 3% catch up required to 

match industry leading positions. 

The assessment highlights that we have an efficiency opportunity to improve the cost 

of our pipe laying and pipe rehabilitation work in urban areas, where our rates for 

doing such work in roads is currently more inefficient than the leading utilities 

company norms. In response to the identified shortcomings we have included 

specific opportunities in our Capital Efficiency Toolbox to bring these unit rates to be 

at least equivalent to the matching industry leading position. The efficiency 

shortcoming on working on pipelines in the roadway is a major element of the 

immediate catch up efficiency and will be implemented at the outset of the 2020 to 

2025 period.  

Full report can be found in Annex B.  
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3. Implementing the AMP7 efficiency plan 

3.1 Delivery of future efficiencies  

We enter the next regulatory planning period with a significantly better understanding 

on how to derive efficiencies across the totex investment planning cycle. Couple this 

with the adoption of disruptive digital technologies and the period represents a new 

paradigm in opportunities for efficient delivery and customer service.  Our business 

plan is based on the following insights: 

 We have undertaken a top down econometric botex modelling of our business 

to support and establish the relative totex efficiency relative to the competitor 

companies in the UK water sector.  

 We have undertaken an extensive and detailed review of the causes of 

industry wastage within the capital investment planning processes in the UK 

water sector and have identified key lessons learned that we are now applying 

to our 2020 to 2025 model. We have assessed our current position against 

industry benchmarks, and whilst we perform well against these measures, we 

have identified where we have more progress to make to maintain our position 

as leading value for money for the customer.  

 We have undertaken analysis of the top 20 cost lines in our Unit Cost Data 

Base, which reflect the cost of building new assets and account for circa 32% 

of the investment plan for 2020 to 2025. We have compared these to 

independently developed set of equivalent benchmark costs to compare our 

cost of construction to the best in class, most efficient within the sector.  

 We have benchmarked our current delivery model against the best practice in 

industry, both within the water sector and across wider industry, and are using 

these insights to revamp our 2015 to 2020 model into a leaner version for the 

2020 to 2025 period. This means keeping and enhancing the best bits, and 

applying best practice features from other sectors to gain new efficiencies. Key 

opportunities include: 

o Improved front end planning processes 

o More extensive use of totex optimisation tools 

o Increasing the certainty of project outcomes, through better risk and 

value challenge approaches 
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o Tailoring our contracting arrangements to incentivise greater 

collaboration and innovation 

 To improve our operational efficiency position we are planning to embrace 

innovations that will change the industry over the next ten years. Specifically, 

we will be putting in place opportunities to:  

o Improve the effectiveness of our operations: helping our front line 

staff respond quickly and effectively to issues in the network through 

deployment of technology that provides better data and visual media 

aids – promoting safer working, giving insightful data to the staff at the 

right time.  

o Improve the efficiency of our operations. Helping our technicians 

optimise their work and manage the network using real time SMART 

data and predictive analytics – guiding our teams to early emerging 

issues and allowing them to head off problems before they impact on 

customer service.  

o Improve the efficiency of our asset improvement work. Helping our 

engineers to deliver more cost efficient solutions in quicker time using 

appropriate tools for reality capture, BIM and linking these tools to 

connected enterprise data. This helps the teams to optimise existing 

assets and make best use of existing infrastructure.  

o Improve the customer experience. Innovations in metering 

technology and the ability of modern data science platforms to analyse 

real time information in a granular fashion now allows us to start taking 

far greater control of the performance of the asset stock, for example 

calming networks susceptible to bursts and minimising the disturbance 

to the network flows during shut down events. We are also pioneering 

the development of tools to help manage customers’ experiences using 

unique sentiment based approaches that facilitate a more tailored, 

personalised approach to engaging the customer. These technologies 

open the door to sharing greater information to the individual customer, 

allowing the customer to assist in the management of their own water 

consumption patterns.  

o Improve the experience for our most vulnerable customers. We 

can better help our vulnerable customers through early identification of 

emerging issues and early engagement in dialogue. We are 

researching emerging customer and billing data analytics to help form a 

new more responsive approach to customer vulnerability.    
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We have commenced the journey from historical Capex centric planning in AMP5 to 

totex and outcomes approaches in AMP6, which are now resulting in a subtle and 

increasing shift in the balance of capital to operational expenditure. This is resulting 

in an emerging focus on more numerous small projects and operational solutions 

where once a larger capital solution would have been deployed.  

Recognising the increasing future balance in favour of more small capital projects, 

and the need to better optimise existing asset performance, we must respond by 

changing the nature of the planning and investment delivery approaches we deploy.  

Future delivery efficiency must be nimble and steam-lined in response. New 

contracting models and data driven asset management will drive customer value and 

move from capex efficiency to totex efficiency regimes.   

Opportunities will require a quantum shift in approach to make best use of the 

opportunity from the digital revolution and several pathfinder projects will need to be 

executed before the start of the next period, notably to embrace the emerging 

abundance of real time data and new techniques for applying actionable analytics. 

Investment will be needed moving the business from an analogue to digital state, not 

just in digital technology but in the transformative way this impacts what we do and 

enables how the business can be run.  

3.1.1 Our innovation approach 

With many new and disruptive technologies maturing in the market at the same time, 

we are creating an ecosystem where the benefit of each could be combined to 

supplement or replace traditional methods of working. We are in the process of 

implementing a staged approach to achieving a sustainable innovation culture 

through enabling agile and design led innovation. We are is creating this focused on: 

 Knowledge management – capturing tacit and sticky knowledge as well as 

sourcing opportunities from external collaborators. 

 Idea management – either internally generated or externally sourced via 

campaign. How are ideas/improvements identified, communicated, assessed, 

prototyped and progressed within the organisation Sharing risk and catalysing 

resource and insight from supply chain/research partners etc. 

 Skills sharing and empowering staff – innovation is everyone’s 

responsibility and providing tools through dedicated training processes.  

 Cultural shift – What do you value?  How do your reward your teams? Are 

those values and rewards in line with our stated organisational goals? Are 

staff’s jobs framed so that they are empowered to contribute improvement 

suggestions? 
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This staged approach to sustainable innovation will reduce risks in innovation funding 

by finding new ways of sharing costs and leveraging support. We will aim to exploit 

potential for sponsorship, enterprise grants and supply chain contribution in 

innovation delivery. We will enable better sharing of responsibly with supply chain, 

this will increase the adoption of innovative technologies. This means we will focus 

on: 

 Co-design and design led thinking represent new ways of ensuring effective 

solution realisation versus abstract technology development.  

 Tangible outcomes we expect more realised commercial benefit of innovative 

solutions. 

 Building capacity while mitigating costs. Providing the capacity for 

operationalisation / realisation and adoption internally we see this as the 

biggest challenge to overcome in the medium to short term.  

 Developing and transferring skills to develop new thinking and support 

culture change to new means for problem solving, enterprise thinking and new 

methods for applied innovation.  

o We are starting an innovation champions training course that will run for 

6 months starting in October. This accredited course will provide the 

skills and tools to preselected staff to develop a creative community that 

embraces change and different thinking. 

We believe that this approach to sustainable innovation will provide benefit to our 

customers and the company. It provides the tools and techniques we need while 

incorporating the wider community and supply chain to achieving our objectives“ 

3.1.2 Innovation toolboxes for the future 

To generate an enabling environment for efficiency driven by innovation we also 

recognise we must implement a number of activities early in the period. These 

activities are needed to position the business to harness the benefits to the customer 

of emerging technology and the new approaches these new opportunities give us.  

From the respective insights and lessons learned collated and channelled in the 

formulation of this business plan, we will implement the following efficiency and 

innovation toolboxes for implementation across the business plan: 

 Innovation toolbox 

 capital efficiency toolbox 

 operational efficiency toolbox 

We will deliver our services using our innovation and efficiency toolboxes and use 

these to implement our efficiency and innovation plans for capital, operational and 

customer experience. We will test, monitor and validate that the activities in the plans 

will deliver benefits to customer service and give improvements in value for money.  
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Figure 8 Efficiency toolboxes 

 

We will approach the application of new technology, such as the Internet of Things by 

seeking to understand and take cognisance of customers concerns on data security, 

intrusion and control.  

We will continue to build collaborations with our neighbour water companies, as we 

have with Southern Water and SES Water and others inside and outside the sector, 

such as Northern Ireland Water, and our partner network that provides access to 

many other sectors. Through these networks we will seek cross sector innovation 

and adopt an open minded position – accepting that the industry must change and 

embrace innovation. 

We will encourage innovation from within and start our cultural journey now to 

engender a new culture on innovation within our business and supporting supply 

chain. 

Figure 9 Efficiency toolboxes 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

We have devised a novel lean approach in AMP6 to assessing and delivering 

the benefit of innovation into AMP7 and beyond. The Innovation Toolbox 

approach is used to identify, assess, test, adapt and manage the adoption of 

new technologies, new ways of establishing resilient service and new ways of 

improving customer experience 

We will execute our 20 Point Capital Efficiency Toolbox, whilst evolving our 

highly efficient AMP6 construction delivery model. The impact of each 

efficiency enabler has been mapped to the key investment areas and the 

overall impact assessed and aggregated to give our estimate of capital 

efficiency. In accordance with the Business Planning Guidance the average 

efficiency is 7.34% for infrastructure and 5.27% for non-infrastructure, relative 

to the AMP6 baseline.  

We will execute our 10 Point Operational Efficiency Toolbox where each 

activity in the Toolbox is an enabler to operational efficiency. These activities 

form a novel plan to improve specific aspects of the efficiency and 

effectiveness of the operations and maintenance of the business. The impact 

of each enabler has been mapped to key operational activity areas and the 

overall impact assessed and aggregated to give our estimate of operational 

efficiency of 3.32% relative to the AMP6 baseline.  
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We will challenge the conservative culture of the water industry and, to underpin our 

commitment to a culture of innovation, we will accept that a few of the innovation 

ideas might fail, but equally this will not stop us from striving to deliver value by 

pushing the boundaries for appropriate adoption of new technologies. 

3.1.3 Capital efficiency toolbox  

The findings of our efficiency reviews, and the continuation of key activities we have 

commenced, such as standardisation, productisation, modularisation and digital 

engineering are assimilated into our capital efficiency toolbox. This outlines the key 

areas we will focus effort at reducing costs, and increasing value, and is summarised 

below: 
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Figure 9 Efficiency toolbox summary 

 

3.2 Operational efficiency toolbox  

The need to drive a totex approach gives companies renewed incentive to reduce the 

overall cost of operational activities required to run the treatment works, pumping 

stations, service reservoirs and pipe network that form the asset base needed to 

deliver water to customers. We have been evaluating how to deliver improvements to 
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both the effectiveness and efficiency of our operations whilst driving improvement to 

the customer service we provide.   

3.2.1 Energy efficiency opportunities 

We have undertaken a review of the potential energy efficiency opportunities through 

implementing an energy strategy gap analysis looking for potential across over 30 

different opportunity types. We evaluated those that will provide cost effective returns 

and have a number of programmes well established including treatment works 

Production Planning and Pump Station scheduling using optimisation software to 

control energy costs and plans for high peak tariff avoidance including the use of our 

standby generator asset stock.  

A number of further opportunities have been assessed and plans are being 

progressed to implement in the current period and these include: 

 Pump testing and refurbishment programmes; 

 Pump control system improvements (including most efficient drive selection 
controls, variable speed drive control, pumping head optimisation); 

 Time of day control systems and changes to operational tasks to take 
advantage of peak price avoidance; 

 Building services upgrades; and 

An example of a key area we have progressed significantly relates to smart 

networks.  Smart water networks (SWN) is a solution that enables us to visualise, 

analyse, monitor, predict and improve the real-time performance of our water 

network—i.e bringing the network to life. Integrating relevant internal and external 

data sources into one platform by also combining new sensors and smart meters, the 

solution enables users to correlate and analyse this data while providing different 

views and capabilities suited to specific job roles and customer needs.  

We have worked with our partners Veolia to share information on its smart water 

network project in Lyon and conduct a gap analysis on our current operational 

performance. In order to derive quantitative estimates on the costs and potential 

benefits of Smart Water Networks. The annual opex savings generated from SWN 

deployment ranged between £6m and 1.5m per year. A performance baseline has 

been calculated and we predict potential savings over future AMP’s if a full roll out is 

implemented focused on priority DMAs: 

 Water losses    £2.6M 

 Headcount reduction  £2.6M 

 Overtime    £1.575M 

 Energy consumption  £0.52M 
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 Unplanned interventions             £6.5M 

 Leak detection costs savings £1.4M 

Although the total savings expected is £15.3m, the investment required for such a 

smart water network would equal the longer term savings made. We are therefore 

undertaking a trial that will run from November 2018 to November 2019 that will 

provide further guidance on potential savings specifically observed in our area. 

Although the benefit of a SWN does not only covers leak and PCC reduction, this is 

the main quantifiable benefits and will assist in our ambitious targets for leak and 

PCC reductions going forward. 

3.2.2 Optimisation efficiency opportunities 

We are evaluating and assessing a variety of potential digital enablers that can help 

us to deliver greater operational efficiencies. The opportunities in this rapidly 

expanding field are numerous and there are many offerings in the supply chain that 

are innovative albeit many are largely untested. Several of those we wish to take 

forward are being tested in pilot projects to prove they provide value to our 

customers, these include: 

 Using real time data and analytics to optimise the work schedules and 

minimize travel time for our field technicians. This will reduce cost and 

increase productivity of our teams managing the assets base. 

 Using data analytics to better understand and manage the occurrence, and 

our response, to leakage and burst events and associated discolouration in 

the main that can be a knock on effect of these events. This will improve the 

effectiveness of our response and reduce our response times allowing for 

improvements in customer experience. 

 Using real time data and predictive analytics and dashboards to support our 

move from reactive to pro-active maintenance regimes at our key sites. Three 

pilot sites are being progressed currently and we will use these pilots to 

assess the value of deployment of the emerging range of low cost Internet of 

Things sensors and supporting analytics platforms.   
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Figure 10 Key components of the operational efficiency toolbox 

 



 

PR19 Supporting Appendix 13, Wholesale efficiency assessment | 3 September 2018 
 

Not confidential | Author: Richard Dixon | Last saved: 01/09/18 

File name: Appendix 13 Wholesale Efficiency FINAL 180901  Page 42 of 47 
 

4. Summary 

In summary our totex efficiency position has been good, when compared to other 

companies in the sector, but there are defined opportunities in the 2020 to 2025 

period to improve and provide better value to our customers.  

The findings from our three stream approach all show efficiencies of the same 

magnitude. Hence provide a high degree of consensus on the magnitude of the 

required efficiency. This approach has allowed us to triangulate these estimates to 

provide a robust efficiency catch up challenge with a reasonable degree of 

confidence. 

Figure 11 Triangulation of efficiency estimates 

 

The key finding of the assessment is that to maintain an industry leading efficiency 

position in the UK sector we require: 

 initial efficiency catch-up 

 efficiency increases through development of technologies and techniques 

within the industry.  

 greater efficiency challenge required for our infrastructure cost 

 realisation of efficiency through innovation example would be Smart Networks  

Table 9 below shows the efficiency requirements from our 3 modelling streams and 

the resulting effect from applying our compounded efficiency profile. 
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Table 9 Summary of efficiency evaluations  

Assessment Modelling Results Key Finding 

1. Econometric Totex Modelling 0.5% pa net frontier shift, with a 

modelled catch up of 1% 

Catch Up Botex Efficiency 

Challenge of 3.46%  

2. Bottom Up Totex Models Capex  6.4% catch up  

Opex 3.0% catch up 

Combined Totex Efficiency 

Challenge of 4.8% 

3. UCDB Benchmarking of Capital 

Base Cost 

Infra 9% catch up 

Non Infra 0% no catch up required 

Combined 3.0% Challenge with 

targeted improvements for pipe 

laying in roadway 

Resulting Bottom up Model Applied 

to Plan 

Infra 7.3% 

Non Infra 5.3% 

Opex 3.3% 

Results in a 5.1% Reduction in our 

Plan (controllable costs) 

 

From the triangulation assessment it also highlighted that our infrastructure cost 

faced a larger efficiency challenge to move us to a frontier position. It was decided 

therefor to split our efficiency’s by infrastructure and non-infrastructure programmes, 

as reflected in our resulting plan efficiency’s as table 10 below. This improves our 

understanding and granularity of how we will embed our efficiency targets and track 

our progress going forward. 

Table 10 Resulting plan efficiency’s profile applied 

Efficiency Profile (Compounded) 

Programme Area Y1 Y2 Y3 Y4 Y5 Avg. % 

Infrastructure 2.53 5.00 7.40 9.74 12.03 7.34 

Non-Infrastructure 1.80 3.57 5.30 7.01 8.68 5.27 

Opex 1.13 2.24 3.34 4.42 5.50 3.32 
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Executive summary 

South East Water (SEW) has commissioned Oxera to provide an 
independent assessment of its historical base total expenditure (BOTEX) 
performance for wholesale water services, as well as an estimate of the 
ongoing efficiency assumption that would be appropriate at PR19.  

As part of the PR19 final methodology, Ofwat indicated its intention to 
distinguish between BOTEX and enhancement expenditure, from a 
modelling perspective, to provide input into the setting of TOTEX efficiency 
targets.1 Ofwat’s consultation on econometric cost modelling, published in 
March, confirmed this approach and presented aggregate and granular 
econometric models for wholesale water activities as well as separate 
econometric models for enhancement expenditure.2 

To determine SEW’s relative efficiency on wholesale BOTEX, models 
submitted by SEW as part of Ofwat’s modelling consultation were taken as 
a starting point.3 Ofwat’s published models in this consultation were also 
considered. The estimation approaches used in the modelling consultation 
were examined, alongside alternative approaches. Based on data published 
by Ofwat in the consultation, companies’ expected cost levels were 
predicted based on their operational characteristics (i.e. cost drivers) using 
a pooled ordinary least squares (OLS) approach. The suite of models used 
to estimate SEW’s relative efficiency comprised both aggregate and 
granular models submitted by SEW and Ofwat. 

While a pooled OLS approach was the most common estimation approach 
considered in the modelling consultation, its limitations in terms of ability to 
accommodate company heterogeneity and isolate inefficiency from 
uncertainty has been widely acknowledged. To overcome such limitations, 
we considered alternative approaches, such as panel data models (Random 
Effects) and Stochastic Frontier Analysis (SFA).4 Random Effects models 
were also considered as part of the modelling consultation, while SFA has 
been widely used by UK and continental European regulators.5  

Based on the last six years of data (2011/12–2016/17), multiple model 
specifications to enable a balanced consideration of industry operational 
drivers, estimation approaches and a wider consideration of aggregation 
and triangulation possibilities, SEW’s historical efficient BOTEX expenditure 
over an AMP6 is estimated to be in the range of £496m–£524m, with a 
central estimate of £518m (in 2017/18 prices). Given its historical AMP 
outturn expenditure of £524m,7 SEW’s required historical catch-up is 
estimated to be around 1% (c. £6m).  

                                                
1 Ofwat (2017), ‘Delivering Water 2020: Our final methodology for the 2019 price review’, December.  
2 Ofwat (2018), ‘Cost assessment for PR19: a consultation on econometric cost modelling’, March. 
3 Ibid. 
4 Kumbhakar, S. and Knox Lovell, C.A. (2000), Stochastic Frontier Analysis, Cambridge University Press. 
Kumbhakar, S.C., H.-J. Wang, A. P. Horncastle, (2015), A Practitioner's Guide to Stochastic Frontier 
Analysis Using Stata, Cambridge University Press. 
5 For example, the Office of Rail Regulation has used SFA to assess the efficiency of both Network Rail 
and Highways England (see ORR (2013), ‘PR13 Efficiency Benchmarking of Network Rail using LICB’, 
August; ORR (2017), ‘Benchmarking regional maintenance costs on England’s Strategic Road Network’). 
Meanwhile, as required by law, the German energy regulator has used SFA and DEA (see: Article 12 of 
the Incentive Regulation Ordinance ARegV). 
6 Asset Management Plan period, which is a five-year time period used in the English and Welsh water 
sector. 
7 Based on average per annum expenditure in the modelling period, i.e. 2011/12–2016/17. 

http://www.cambridge.org/gb/academic/subjects/economics/econometrics-statistics-and-mathematical-economics/practitioners-guide-stochastic-frontier-analysis-using-stata?format=PB#bookPeople
http://www.cambridge.org/gb/academic/subjects/economics/econometrics-statistics-and-mathematical-economics/practitioners-guide-stochastic-frontier-analysis-using-stata?format=PB#bookPeople
http://www.cambridge.org/gb/academic/subjects/economics/econometrics-statistics-and-mathematical-economics/practitioners-guide-stochastic-frontier-analysis-using-stata?format=PB#bookPeople
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The wholesale water BOTEX models submitted by Ofwat and SEW were 
reassessed in light of the 2017/18 data submission in July 2018. We note 
that the model results and estimated efficient cost predictions were largely 
insensitive to the additional year and the updated data indicated an overall 
improvement in SEW’s performance across models. However, they were 
not used in the assessment presented in this report as we acknowledge that 
the data released is yet to undergo Ofwat’s quality assurance and may 
subsequently be amended. 

We also note that the historical relative efficiency position estimated for 
SEW through econometric modelling may be driven, to some extent, by 
SEW’s and the industry’s historical levels of activity as well as expenditure 
profiling over the modelled period. As such, the estimated historical 
relationship between cost categories and cost drivers may be 
unrepresentative of future cost elasticities and may produce inappropriate 
AMP7 cost predictions if a naïve roll-forward of the historical relationship is 
adopted. 

Besides catch-up efficiencies, wholesale water costs are affected by real 
price effects and ongoing efficiency considerations reflecting cost reductions 
that are feasible through technological improvements, learning effects, etc. 
as well as input price pressure affecting water wholesale activities. 
Assuming that there are no changes to the quality and quantity of the 
outputs produced by SEW and based on information provided by SEW on 
its expected mix of activities and inputs over AMP7, the ongoing efficiency 
improvement is given by the net effect of frontier shift and weighted input 
real-price effects. 

To estimate the input price pressure faced by SEW, we considered SEW’s 
input mix and linked each input to an appropriate inflationary forecast. Third-
party forecasts were used to obtain forward-looking estimates of the 
selected inflationary indices. Our results suggest real price effects (i.e. net 
of CPIH) of approximately 0.3% per annum on BOTEX. At the disaggregate 
levels, this corresponds to a real price effect (RPE) of 0.4% p.a. for water 
resources and 0.3% p.a. for network plus BOTEX.  

The assessment of frontier shift is based on Total Factor Productivity (TFP) 
measures estimated from the EU KLEMS productivity database.8 The TFP 
approach is well established in the academic literature and widely used in 
regulatory determinations.9 The economic framework followed in this report 
is discussed in Oxera’s 2016 report for the Netherlands Authority for 
Consumers and Markets (ACM).10 

On the assumption that the past rate of technological progress is a good 
indicator of the potential future rate, and that the rate of technological 
progress in the selected set of comparators is a good indicator of the rate of 
technological progress in the wholesale water market, this approach 
provides useful evidence for establishing a benchmark for the future 
potential for frontier shift. 

Our analysis estimates productivity improvements both at an aggregate and 
disaggregate level. Considering different scenarios and sensitivity analyses, 

                                                
8 EU KLEMS Growth and Productivity Accounts, www.euklems.net/index.html, accessed 26 July.  
9 For example, see Ofgem (2012), ‘RIIO-T1/GD1: Initial Proposals—Real price effects and ongoing 
efficiency appendix’, July, sections 3 and 4.  
10 Oxera (2016), ‘Study on the ongoing efficiency for Dutch gas and electricity TSOs’, prepared for the 
ACM, April, https://www.acm.nl/sites/default/files/old_publication/publicaties/15537_agendapunt-5-study-
on-ongoing-efficiency.pdf. 

http://www.euklems.net/index.html
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TFP is estimated at approximately 0.8% per annum for BOTEX and 0.7% 
and 0.8% for water resources and network plus respectively. The TFP 
estimate for capital maintenance is approximately 0.7% across the price 
controls.  

The combination of input price inflation and frontier shift results in a net 
frontier shift of approximately 0.5% per annum on BOTEX overall. In other 
words, productivity growth is expected to outstrip the input price pressure 
over AMP7 at about 0.5% per annum. This corresponds approximately to 
0.3% for water resources BOTEX and 0.5% for network plus BOTEX.  
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1 Introduction 

South East Water (SEW) has commissioned Oxera to provide an 
independent assessment of its historical base total expenditure (BOTEX) 
performance for wholesale water services using top-down econometric 
modelling.  

The starting point for this assessment is to recognise that efficient wholesale 
water costs are affected by a number of factors, including:  

 catch-up efficiencies—i.e. cost reductions from catching up to the 
efficiency frontier, as set by best practice in the water industry; 

 real price effects—i.e. changes in the price of labour, capital and raw 
materials net of CPI; 

 frontier-shift efficiencies—i.e. cost reductions from technological 
improvements, learning effects etc.  

The analysis presented in this paper focuses on estimating each of these 
three factors for SEW as its efficient wholesale water costs over 2020–25 
will depend on the impact of these factors, among other things. For 
example, the assessment presented in this report does not account for 
forward-looking effects, such as anticipated volume growth (e.g. number of 
properties), changes in unit costs and/or decrease/increase in activities in 
specific cost categories. 

To determine SEW’s relative efficiency on wholesale BOTEX, models 
submitted by SEW as part of Ofwat’s recent modelling consultation were 
taken as a starting point, along with the data provided in the consultation.11 
Ofwat’s published models in this consultation were also considered. The 
estimation approaches used in the modelling consultation were examined, 
alongside alternative approaches.   

For the assessment of ongoing efficiency, the methodology and data 
sources used included publicly available databases, academic sources and 
regulatory precedents. 

The report is structured as follows. 

 Section 3 provides an overview of Ofwat’s approach to model wholesale 
water costs at PR19, including a description of the dataset used, 
modelled cost categories, the key cost drivers, and the alternative 
estimation approaches that we considered. 

 Section 4 provides a top-down assessment of SEW’s wholesale water 
BOTEX based on its efficiency position and gap to the industry frontier 
(catch-up assessment).  

 Section 5 describes our approach to estimate ongoing efficiency 
improvements—i.e. the productivity improvements that an efficient water 
company operating in the wholesale water market can achieve due to 
technological improvement (also referred to as ‘frontier shift’) net of real 
price pressure over AMP7.  

 Section 6 concludes. 

                                                
11 Ofwat (2018), ‘Cost assessment for PR19: a consultation on econometric cost modelling’, March. 
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2 Methodology 

At PR14, Ofwat set only two wholesale controls for water and wastewater. 
As part of PR19 final methodology, Ofwat indicated that it will set separate 
binding wholesale revenue controls for water resources and network plus 
water at PR19. Ofwat also indicated the intention to distinguish between 
BOTEX and enhancement expenditure to provide input into the setting of 
TOTEX efficiency targets.12 

Ofwat’s consultation document on econometric cost modelling, published in 
March, confirmed this approach and presented aggregated and granular 
econometric models for wholesale water modelling, as well as a separate 
set of econometric models for enhancement expenditure. 

In this section, we outline the dataset, the modelled expenditure used in the 
econometric models, the cost drivers used in the analysis and the modelling 
approach we have used to determine SEW’s efficient historical level of 
expenditure. 

2.1 Dataset 

Our analysis is based on the dataset published by Ofwat as part of the 
consultation on the econometric cost modelling (March 2018).13 The data for 
wholesale water modelling spans a six-year period from the financial year 
2011/12 to the financial year 2016/17, and therefore includes data from both 
AMP5 and AMP6.  

The first five years include data on 18 companies, and the last year includes 
data on 17 companies due to the merger of South West Water and 
Bournemouth Water, giving a total of 107 observations. 

2.2 Wholesale water BOTEX modelling 

This report focuses on SEW’s efficient historical level of BOTEX. To be 
consistent with Ofwat’s modelling approach, we have excluded cost items 
from modelled costs that are either not within management control or could 
provide perverse incentives with respect to cost reduction. All expenditure 
has been deflated to 2017/18 prices using CPIH, and as such, all results 
presented in this report are also in 2017/18 prices. 

The excluded costs are: abstraction charges/discharge consent; business 
rates; third-party costs; costs associated with the Traffic Management Act; 
costs associated with statutory water softening; enhancement CAPEX 
(including infrastructure network reinforcement); pension deficit recovery 
payments; and atypical costs.  
 
Note that the modelled costs used in Ofwat’s models (above) are defined 
differently to the modelled cost used in the models submitted by SEW for 
the consultation. As such, SEW’s models have been reassessed with the 
new definition of modelled costs. 

Unless stated otherwise, both outturn expenditure and efficient predicted 
expenditure presented throughout the report refer to expenditure over an 
AMP.14 Given the modelling period uses four years of data from AMP5 and 

                                                
12 Ofwat (2017), ‘Delivering Water 2020: Our final methodology for the 2019 price review’, December. 
13 Ofwat (2018), ‘Cost assessment for PR19: a consultation on econometric cost modelling’, March. 
14 Asset Management Plan (AMP) period, which is a five-year time period used in the English and Welsh 
water sector. 
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two years of data from AMP6, this involves taking the average per annum 
expenditure and multiplying by five to derive expenditure over a five-year 
period.  

2.3 Cost drivers 

Ofwat included a number of cost drivers in the 12 BOTEX models to control 
for industry characteristics such as density, scale, network and treatment 
complexity and maintenance-related costs. These are described briefly 
below. 

 Connected properties and length of network: these variables are used 
as alternative proxies for the scale of operation. Each variable is used as 
a scale driver in half of the BOTEX models. When using length of mains 
as a scale variable, Ofwat has also included a density variable to account 
for the fact that a company that serves a larger population per km of 
mains may incur higher distribution costs. 

 Density: Ofwat’s models control for density by including either the 
number of properties over mains or a weighted average density measure, 
which is a measure of population density at the company service area, 
constructed using data from the ONS. Density could affect companies’ 
costs in different ways. On the one hand, companies could face lower 
costs in densely populated areas as they can make more efficient use of 
the resources. On the other hand, they may also face higher costs as 
working in urban areas may result in higher costs of maintenance. 

 Renewal activity and age of assets: the proportion of mains relined and 
renewed and the proportion of mains laid or refurbished after 1981 are 
used as proxies for renewal activity and the age of the network 
respectively, and they are expected to capture maintenance costs. 

 Treatment complexity: in three out of the twelve BOTEX models, Ofwat 
uses the percentage of water treated in treatment plants of complexity 
levels 3–6 to control for treatment complexity. Depending on the quality 
of the water and water requirements, water treatment works provide 
different levels of treatment. As such, treatment costs are expected to 
increase with the complexity of these treatments and, in turn, have a 
positive impact on total costs.  

 Network complexity: booster pumping stations and reservoir towers per 
length of mains reflect the asset intensity of a company and are used as 
alternative measures to control for sparsity/topography/network 
complexity in Ofwat’s models. A more complex network will increase 
network operation and maintenance costs. 

 Average pumping head for water resources plus: Ofwat’s BOTEX 
models control for average pumping head as an alternative to the 
treatment complexity variable. Average pumping head is expected to 
capture the amount of effort the company needs to undertake to pump 
the water in its water resources operations.  

Figure 2.1 shows SEW’s position in comparison to the industry average for 
the key cost drivers included in Ofwat’s wholesale water modelling. The 
industry average value of the cost driver is normalised to 100% and the bars 
represent the interquartile range across the industry. Such a chart shows 
not only how SEW compares to the industry average, but also by how much 
it deviates from ‘normal’ values (taken to be within the interquartile range). 
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For example, according to the weighted average density measure, SEW is 
less dense than the average company and also less dense than the lower 
quartile, indicating that SEW may be abnormal in this variable.  

Figure 2.1 SEW’s position in comparison to the industry average 
(Ofwat’s models) 

 

Source: Oxera analysis. 

As discussed in Oxera’s paper on SEW’s special factor claim,15 SEW’s 
unique groundwater treatment complexity may not be adequately captured 
in Ofwat’s current aggregate models as they place less emphasis on 
geological factors, such as the number of sources and treatment plants, and 
tend to control for average pumping head instead of treatment complexity 
explicitly. Although average pumping head may capture treatment 
complexity to a very limited degree by reflecting topography and the volume 
of water pumped, explicit measures of treatment complexity are only 
included in a quarter of Ofwat’s wholesale water models and half of network 
plus models.16  

In the consultation document, Ofwat has recognised that companies with 
more sources are expected to incur higher operating costs due to 
diseconomies of scale.17 Along with treatment complexity, these drivers are 
operationally relevant to the industry as a whole, as discussed in our 
response to the econometric models and the model submissions in March.18 

The models submitted by SEW capture the impact of the number of 
sources on expenditure by including the number of sources over 
distribution input (DI) among the explanatory variables. The number of 
sources drives a number of costs—including employment costs (travel 
time), maintenance costs and capital costs—as each require control 
systems, pumps, borehole maintenance, monitors, and chemical delivery 
costs, among others.  

Moreover, although SEW’s source mix consists largely of water from 
boreholes, the quality of the abstracted water from these boreholes is more 

                                                
15 Oxera (2018), ‘Impact of diseconomies in sources, treatment plants and abnormal groundwater 
complexity in Ofwat’s models’.  
16 It is also unclear why Ofwat has controlled control for average pumping head in water resource plus in 
BOTEX models and average pumping head in water treatment in network plus models, thus always 
excluding pumping activity in treated water distribution. Average pumping head in treated water 
distribution plays a major role in capturing SEW’s overall pumping activity, which is not accounted for in 
any of the models currently submitted by Ofwat.  
17 Ofwat (2018), ‘Cost assessment for PR19: a consultation on econometric cost modelling’, March. 
18 Several companies apart from SEW have considered geological factors and treatment complexity 
measures in their submissions. 
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complex than that of SEW’s comparators with a similar source mix, owing to 
the largest sandstone formation in the UK encompassing much of SEW’s 
eastern region. This results in water extracted from these sources being of 
similar quality to water extracted from rivers. To capture such treatment 
complexity, all SEW’s models control for the percentage of water treated in 
water treatments in complexity levels 3–6. The scale drivers considered in 
SEW-submitted models include connected properties, population served 
and distribution input. 

While Ofwat uses explicit density measures in its models, sparsity is also a 
key driver of costs. Ofwat considers network complexity measures such as 
booster pumping stations and reservoir towers per length of mains, which 
may capture the impact of sparsity to some extent. . The percentage of area 
with more (less) than 4000 (600) people per squared km is used to explicitly 
control for density (sparsity) simultaneously in SEW’s models. Finally, the 
share of mains renewed and relined is used to control for maintenance 
costs.  

Key operating characteristics for SEW and the industry, such as sparsity 
and number of sources, are shown in Figure 2.2, which presents SEW’s 
position in comparison to the industry average for the key cost drivers 
included in SEW’s wholesale water modelling.  

Figure 2.2 SEW’s position in comparison to the industry average 
(SEW’s models) 

 

Source: Oxera analysis.  

Given the discussion and chart above, while there appears some 
consistency between SEW’s and Ofwat’s models, Ofwat’s models may 
inadequately capture SEW’s cost requirements as they do not appropriately 
capture factors such as treatment complexity, number of sources, number of 
treatment plans and sparsity.  

2.4 Modelling approach  

Pooled Ordinary Least Squares (OLS) regression was the most common 
estimation approach used in the modelling consultation. The OLS model 
pools the data and assumes that each observation represents an 
independent company, ignoring the fact that the data consists of repeated 
observations on the same companies over time.  

The limitations of the pooled OLS method in terms of its ability to account 
for company-specific heterogeneity and statistical errors (noise) from 
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inefficiency is acknowledged widely.19 Ignoring company-specific effects and 
noise in the data could result in incorrect estimates of inefficiency and, 
therefore, cost allowances. In particular, OLS assumption that any 
difference between a firm’s actual and predicted costs is entirely due to 
inefficiency may result in overestimating inefficiency, as a company can be 
estimated to be inefficient simply because its inefficiency is confounded with 
noise and/or company heterogeneity not controlled for in the model 
specifications.  

One approach to account for noise is to make an ad hoc adjustment, such 
as using an upper-quartile (or similar) benchmark rather than ‘correcting’ the 
OLS regression to the first-ranked company. Indeed, at PR14, efficiency 
scores were corrected by Ofwat to the upper quartile of the efficiency levels 
in order to adjust, to some extent, for modelling uncertainty. In contrast, 
when considering Bristol Water’s appeal of PR14, the CMA considered that 
the average benchmark was appropriate for Bristol Water based on the cost 
models it developed in the inquiry.20 As shown in Oxera (2013),21 such ad 
hoc adjustments may overcompensate or undercompensate for specific 
companies, even when the adjustment is broadly correct across the industry 
as a whole. 

As such, we widen the evidence base to provide an unbiased estimate of 
SEW’s efficient level of expenditure. Part of this requires that multiple model 
specifications are considered that control for different sets of industry cost 
drivers to account for heterogeneity in the industry. Different cost drivers 
could proxy for key operational factors to different extent for companies and 
we consider that a triangulation of results across appropriate model 
specification can provide a more balanced view of companies’ cost 
performance. In addition, we consider estimators that can take into account 
the panel structure of the data and possible unobserved company 
heterogeneity. To this end, we consider Random Effects (RE) models and 
Stochastic Frontier Analysis (SFA).  

While comparable to the pooled OLS estimator, the RE estimator can take 
into account unobserved firm heterogeneity in the sample when estimating 
model coefficients. RE models were used in the PR14 assessment,22 and 
the enhancement expenditure models developed in the consultation 
process.  

Based on the estimated parameters on the cost drivers, the RE estimator 
gives two efficiency estimates for each company: one is time-varying and 
the other time-invariant (i.e. the unobserved company-specific effect not 
captured through cost drivers). Whether the time-invariant prediction 
represents legitimate differences in efficient expenditure based on 
unobserved differences in regional operating environments, or permanent 
differences in efficiency, requires regulatory judgement. As at PR14, we 
assume that the time-invariant prediction represents permanent differences 
in efficiency when using this approach and test this assumption under the 

                                                
19 Greene, W. H. (2008), ‘The Econometric Approach to Efficiency Analysis’, in Fried, H. O., Knox Lovell, 
C. A. and Schmidt, S. S. (eds), Chapter 2, Section 2.3.2.4, The Measurement of Productive Efficiency 
and Productivity Change, Oxford University Press; Kumbhakar, S., Wang, H.-J., and Horncastle, A. 
(2015), A Practitioner’s Guide to Stochastic Frontier Analysis using Stata, Cambridge University Press. 
20 CMA (2015), ‘Bristol Water plc: A reference under section 12(3)(a) of the Water Industry Act 1991’, 
October, paras 4.205–4.245. 
21 Oxera (2013), ‘Recommendations on cost assessment approaches for RIIO-ED1’, February. 
22 Ofwat (2014), ‘Basic cost threshold models’, April. 
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SFA model described below. To that end, similar to pooled OLS, the RE 
estimator requires an ad hoc adjustment to derive efficient cost predictions.  

One way to further adjust for uncertainty can be to use Stochastic Frontier 
Analysis (SFA).23 SFA is an econometric method that estimates the 
parameters of a cost function and the inefficiency for each observation and 
has been widely used in regulatory determinations.24 Specifically, SFA can 
separate the estimated residual into noise and efficiency by imposing 
assumptions on the distribution of the inefficiency and noise terms. This has 
particular advantages over the other two estimators considered in this 
report, including that no ad hoc adjustment is required since statistical noise 
is separated from inefficiency.  

The particular SFA model we use in this report, based on Kumbhakar et al. 
(2012),25 is often referred to as the ‘four-component model’. This is because 
it can separate the residual (the estimated gap between companies actual 
cost and the benchmark)  into four components: (i) uncontrollable fixed 
differences in firms’ operating environments; (ii) permanent differences in 
efficiency; (iii) time-varying noise; and (iv) time-varying efficiency 
differences. 

To summarise, our catch-up assessment is based on three main estimation 
approaches. 

 Pooled OLS approach: this assumes that each observation represents 
an independent company, ignoring the fact that the data consists of 
repeated observations on the same companies over time. 

 Random Effects (RE) approach: this estimation technique accounts for 
the panel structure of the data and treats the unobservable individual 
effects (i.e., company-specific factors) as random. No distributional 
assumption for the inefficiency component is needed for this approach. 

 SFA (four-component) approach: Further extensions in an SFA panel 
setting allow for explicit interpretation of the results in terms of 
uncontrollable company-specific effects, noise in data/modelling errors, 
persistent inefficiency, and transient inefficiency. Such a decomposition 
and interpretation is currently not possible using the other approaches. 

  

                                                
23 Kumbhakar, S. and Knox Lovell, C.A. (2000), Stochastic Frontier Analysis, Cambridge University 
Press. Kumbhakar, S., Wang, H.-J., and Horncastle, A. (2015), A Practitioner’s Guide to Stochastic 
Frontier Analysis using Stata, Cambridge University Press. 
24 For example, the Office of Rail Regulation has used SFA to assess the efficiency of both Network Rail 
and Highways England (See: ORR (2013), ‘PR13 Efficiency Benchmarking of Network Rail using LICB’, 
August, and ORR (2017), ‘Benchmarking regional maintenance costs on England’s Strategic Road 
Network’); while, as required by law, German energy regulator has to use SFA alongside DEA (see: 
Article 12 of the Incentive Regulation Ordinance ARegV. 
25 Kumbhakar, S.C., Lien, G. and Hardaker, J.B. (2012), ‘Technical efficiency in competing panel data 
models: A study of Norwegian grain farming’, Journal of Productivity Analysis, September, pp. 1–7. 
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3 Historical relative efficiency assessment 

In this section we present our top-down assessment of SEW’s potential for 
cost reduction and its gap to the industry frontier for base expenditure 
(BOTEX) on wholesale water services.  

The catch-up assessment reflects a building-block approach that comprises 
several components, including: 

 the selection of models used to estimate SEW’s predicted costs and 
approach to ‘triangulation’; 

 the approach to selecting the benchmark to obtain an estimate of SEW’s 
efficient cost baseline; 

 the approach to combining the estimated efficient costs from multiple 
approaches to arrive at a final baseline value. 

These steps are described in detail in the sections below.  

3.1 Model selection and approach to triangulation 

Our assessment of SEW’s efficient baseline level of expenditure focuses on 
the following suites of models.26 

 SEW-submitted models: wholesale BOTEX models submitted by SEW 
in March 2018 as part of the consultation on econometric cost modelling. 
Note that the modelled expenditure considered in those models has been 
updated to be consistent with Ofwat’s definition and the models have 
been re-estimated using the data provided in the consultation.  

 Ofwat’s models: Ofwat’s wholesale water BOTEX models presented in 
the same consultation document.  

In their models, both SEW and Ofwat aim to capture a wide range of 
industry characteristics and consider a number of different variables to 
measure a specific factor (e.g. scale, maintenance, treatment complexity). 
However, the performances of some companies may be sensitive to the 
exact choice of variable used to capture each characteristic (i.e. the model 
specification). To avoid biases that could develop in focusing on specific 
variables alone, our approach triangulates results from different suites of 
models with the expectation that biases (positive and negative) for individual 
companies could be mitigated/negated in the process. Our triangulation 
approach specifically consists of taking an average cost prediction across 
different suites of models and then applying an efficiency correction derived 
from the appropriate benchmark.  

We note that Ofwat’s models can be developed further as to ensure they 
capture appropriate industry drivers and the model outputs are aligned with 
operational, economic and statistical expectations. We have made such 
suggestions in the March submission on behalf of SEW. In this report, we 
consider a selection of Ofwat’s models based on what industry 
characteristics are considered and the level of statistical uncertainty, as 
presented in section 3.4. We also use the results from Oxera (2018),27 
which examined the impact of impact of diseconomies in sources, treatment 

                                                
26 The regression output of both SEW and Ofwat’s models is shown in Appendix A1. 
27 Oxera (2018), ‘Impact of diseconomies in sources, treatment plants and abnormal groundwater 
complexity in Ofwat’s models’, August. 



 

 

Final South East Water Wholesale BOTEX assessment 
Oxera 

12 

 

 

plants and abnormal groundwater complexity in Ofwat’s models for SEW, in 
this report. 

More generally, we stress that both Ofwat and SEW models presented in 
this report require further development in light of additional data (2017/18 
data undergoing Ofwat’s quality assurance as well as companies’ business 
plan data) and reinforced with bottom-up analysis from an operational 
perspective. 

Ofwat provided econometric cost models at the price control level, which we 
examine as a further cross-check on the results from the aggregate BOTEX 
analysis.28 When aggregating results from value chain models, our 
approach is to take an average prediction across the various suites of 
models, sum the relevant predictions to the aggregate BOTEX level, and 
then apply the appropriate efficiency correction. This is to ensure that 
potential trade-offs between water resources and network plus are captured 
and companies are benchmarked to actual achieved leading performance in 
the industry.  

Value chain modelling may be able to better capture the relationships 
between costs and specific cost drivers at the price control level. It also 
allows the efficient level of expenditure to be calculated directly, rather than 
relying on assumptions to apportion the predicted efficient expenditure from 
aggregate models into the two relevant price controls. However, value chain 
models can be sensitive to data allocation issues and reporting 
inconsistences, as noted by several companies in their responses to the 
March consultation.29 As such, the core body of evidence focuses on 
aggregate BOTEX, and value chain models (aggregated to the overall 
BOTEX level) are used only as a cross-check.  

3.2 Approach to select the benchmark 

At PR14, Ofwat assessed companies’ efficiency using OLS and RE 
estimation approaches to determine, at the company level, the relationship 
between costs and a set of explanatory factors (cost drivers). Ofwat then 
used corrected ordinary least squares (COLS) to shift the OLS model to the 
upper-quartile efficient company, and used this as a benchmark for 
estimating companies’ relative efficiency. However, this choice was based 
on regulatory judgement. 

To inform our choice of an appropriate benchmark for SEW on RE and 
pooled OLS models, we use the SFA four-component model.30 As SFA can 
separate noise from inefficiency at company level, the estimated efficiency 
scores can be used to inform the choice of benchmark in OLS and RE 
models for a particular company. For example, if an SFA model predicts a 
company to have a lower efficiency score than upper-quartile-corrected 
pooled OLS or RE, it may indicate that an upper-quartile benchmark is 
lenient possibly overcompensating for noise or advantageous company 
effects. The converse may hold if the SFA model predicts a higher efficiency 
score than pooled OLS or RE. This makes the choice of upper-quartile (or 
another benchmark) for a particular company less dependent on ad hoc 
adjustments and judgements. 

                                                
28 We do not consider models that do not represent a complete price control, e.g. water treatment. 
29 For example, see Welsh Water’s response, p. 3, which can be found here: 
https://www.ofwat.gov.uk/wp-content/uploads/2018/03/WSH-consultation-cover-letter.pdf. 
30 Kumbhakar, S. C., Lien, G. and Hardaker, J. B. (2012), ‘Technical efficiency in competing panel data 
models: A study of Norwegian grain farming’, Journal of Productivity Analysis, 41:2, April, pp. 321–337. 

https://www.ofwat.gov.uk/wp-content/uploads/2018/03/WSH-consultation-cover-letter.pdf
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The following two sections detail our approach to estimating SEW’s efficient 
historical cost level using SEW and Ofwat models. Specifically, section 3.3 
focuses on the catch-up assessment based on SEW models and section 3.4 
focuses on Ofwat’s models.  

3.3 Historical relative efficiency assessment, SEW models  

As discussed earlier, we consider that the models submitted by SEW as 
part of the consultation process capture key industry-wide characteristics, 
and they therefore form part of our assessment of SEW’s relative efficiency. 
These models were consistent from an operational and engineering point of 
view as well as being statistically robust, with the estimated coefficients 
being of the right sign and of plausible magnitude.  

In this section, we assess SEW’s historical relative efficiency based on such 
models by applying the three estimation techniques described in section 
2.4, i.e. pooled OLS, RE and SFA. 

Table 3.1 shows SEW’s rank in the four models used in the historical 
assessment. SEW appears to be efficient based on the three different 
approaches, being always ranked in the top three companies (out of 17).  

Table 3.1 SEW’s relative ranking—SEW models  
 

SEWWW1 SEWWW2 SEWWW3 SEWWW4 

Rank (pooled OLS) 3 1 1 2 

Rank (RE) 3 1 1 2 

Rank (SFA) 3 1 2 2 

Source: Oxera analysis.  

As explained in section 3.2, predicted costs obtained with OLS and RE need 
to be adjusted based on an appropriate benchmark. Possible options we 
have considered include upper quartile (i.e. the fifth company), upper 
quintile (i.e. the fourth company) and upper decile (i.e. the third company). 
We use the SFA results to assist in determining an appropriate efficiency 
benchmark for SEW. 

Table 3.2 below shows SEW’s efficiency scores assuming these three 
levels of benchmarks. Note that the triangulated results (last column of the 
table) provide results based on average of cost predictions across models 
benchmarked to the appropriate level; this is our preferred approach. SEW 
has an efficiency of 1 if it is estimated to be at least as efficient as the 
chosen benchmark.  

Table 3.2 SEW’s estimated efficiency—SEW models  
 

SEWWW1 SEWWW2 SEWWW3 SEWWW4 Triangulated 
average 
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OLS—upper quartile 1 1 1 1 1 

OLS—upper quintile 1 1 1 1 1 

OLS—upper decile 1 1 1 1 1 

RE—upper quartile 1 1 1 1 1 

RE—upper quintile 1 1 1 1 1 

RE—upper decile 1 1 1 1 1 

SFA four-component 
model 

0.99 1 1 0.99 1 

Note: SEW’s efficiency scores were derived as the ratio between predicted costs and actual 
costs. 

Source: Oxera analysis. 

As SEW is ranked within the upper decile across the four models and 
estimation techniques, its estimated efficiency gap is 0%. As such, the 
choice of a particular benchmark does not affect SEW’s historical efficient 
cost predictions. To that end, an upper-quartile benchmark, as considered 
by Ofwat at PR14 and Ofgem in the RIIO controls, would indicate that 
SEW’s historical expenditure is efficient. 

Based on the above assessment, a summary of SEW’s performance and 
the implied level of catch-up is shown in Table 3.3. SEW’s historical efficient 
cost baseline ranges between £522m and £524m over an AMP, with a 
catch-up target of 0%.  

Table 3.3 Summary of triangulated results—SEW models  
 

OLS RE SFA 

SEW actual AMP costs, £m 524 524 524 

Efficiency-corrected predicted AMP costs, £m  524* 524* 522 

Catch-up target 0% 0% 0% 

Note: All costs are in 2017/18 prices. * Given SEW was estimated to be more efficient than 
the benchmark in some of the models, the efficient expenditure was set to the outturn 
expenditure. 

Source: Oxera analysis.  

3.4 Historical relative efficiency assessment, Ofwat models 

Ofwat’s econometric cost models provide an alternative assessment of 
SEW’s efficient level of base expenditure. As described in Section 2.3, 
these models capture SEW and the industry’s key characteristics to different 
extents and therefore are likely to provide an alternative view on SEW’s cost 
performance depending on the model specification considered.  

Ofwat’s models suggest a wide range of SEW’s rank positions, as shown in 
Table 3.4.31 The higher ranks are driven by models that do not robustly 
capture key operating characteristics for the industry and SEW, such as 
geological factors and treatment complexity.32  

Table 3.4 SEW’s relative ranking—Ofwat models 
 

OLS RE SFA 

Rank range (out of 17) 5–13 5–13 3–13 

                                                
31 A summary of SEW’s performance in each model can be found in appendix A1. 
32 Regression outputs and statistical diagnostics can be found in appendix A1. 
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Source: Oxera analysis.  

Consistent with the approach used for SEW-submitted models, SFA results 
are considered to inform an appropriate efficiency benchmark for SEW on 
these.  

All estimation techniques predict a wide range in SEW’s performance, 
suggesting that further model development is required (Table 3.5).33  

In particular, SEW’s average efficiency gap is estimated at approximately 
7% with SFA, which is broadly aligned with an adjustment between the 
upper-quartile and upper-quintile benchmarks using OLS and RE. As such, 
for the whole set of Ofwat’s models, an upper-quartile benchmark may be 
the most appropriate for SEW given the wide range of results from Ofwat’s 
models. This is consistent with the regulatory precedent followed by Ofwat 
at PR14 and Ofgem in the RIIO price controls.34 

Table 3.5 SEW’s estimated efficiency —Ofwat models 

  Range  Triangulated average 

OLS—upper quartile 0.88–1 0.94 

OLS—upper quintile 0.84–0.99 0.92 

OLS—upper decile 0.83–0.98 0.91 

RE—upper quartile 0.88–1 0.94 

RE—upper quintile 0.85–1 0.92 

RE—upper decile 0.84–0.98 0.92 

SFA four-component 0.82–1 0.93 

Note: For each model, SEW’s efficiency scores were derived as the ratio between predicted 
costs and actual costs. SEW’s efficiency scores across all models and estimation techniques 
are shown in Appendix A1.3.  

Source: Oxera analysis. 

As Ofwat’s models may underestimate or overestimate SEW’s efficient cost 
baseline, we have triangulated different suites of models based on a 
statistical or operational criteria before applying an upper-quartile 
benchmark. Two core approaches have been considered in this respect.  

Approach 1: select the triangulated sets based on the ability of the models 
to appropriately control for key operational characteristics (e.g. treatment 
complexity). These models specifically include the following. 

 Ofwat’s full suite. A triangulation across the twelve BOTEX wholesale 
water models submitted by Ofwat’s.  

 Ofwat’s models controlling for treatment complexity. A triangulation 
across all Ofwat models explicitly controlling for treatment complexity 
(OWW4, OWW5 and OWW6). 

 Ofwat’s models non-controlling for treatment complexity. A 
triangulation across all Ofwat models not controlling for treatment 
complexity explicitly (all models except OWW4, OWW5 and OWW6).  

Approach 2: select models based on the relative certainty with which they 
predict either (i) SEW’s expenditure or (ii) the benchmark companies’ 

                                                
33 A summary of SEW’s efficiency in each model can be found in appendix A1. 
34 SEW’s efficiency scores across all SFA models techniques are shown in Appendix Error! Reference 
source not found.. 
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expenditure. We refer to this as a ‘noise to signal’ approach and identify 
models where companies have a noise to signal ratio (i.e. a measure of 
prediction uncertainty) less than the industry median.35 We consider the 
following selection approaches. 

 Noise to signal ratio (benchmark or efficient companies)—models 
are selected if a majority of benchmark companies had a noise to signal 
ratio less than the median in the industry (OWW2, 3 and 7–12). The 
notion is that the models that predict the cost of the benchmark 
companies with reasonable certainty are able to determine the 
benchmark (i.e. cost frontier) with reasonable certainty. 

 Noise to signal ratio (SEW)—models are selected if they predict SEW’s 
expenditure with relative certainty, defined as having a noise to signal 
ratio lower than the median in the industry (all models except OWW5 and 
6). The overall allowance for SEW is a function of the cost predictions for 
it from the models and the benchmark correction (if more stringent than 
the average). In this approach, we identify models that predict SEW’s 
cost with reasonable certainty even where the benchmark may not be 
identified accurately to provide an alternative view.    

We have added to the cost predictions from Ofwat’s models that do not 
account for key operational factors such as geological factors and treatment 
complexity, an efficiency-corrected cost claim for SEW estimated in Oxera’s 
separate note.36 The main approach that we have used in estimating the 
cost adjustment claim involved comparing the predictions for SEW when 
appropriate drivers capturing geological features (i.e. the number of sources 
and treatment complexity) are included in Ofwat’s models that did not 
control for those. This approach enabled the incremental impact of the 
geological factors to be assessed while ensuring that comparisons across 
models (Ofwat’s original and the amended ones) were like-for-like and 
results were sensible from an economic and operational perspective. In 
particular, the Oxera note quantified the impact of diseconomies of sources 
on resources to be £2.7m over an AMP based on an upper-quartile 
efficiency level. Similarly, the impact of diseconomies of treatment plants 
and treatment complexity, on network plus is estimated to be about £20m 
over an AMP. At the overall BOTEX level, the efficient value of claim added 
to the model predictions from Ofwat’s models amounted to £23m.  

Table 3.6 illustrates SEW’s catch-up targets on the triangulated sets of 
models using pooled OLS and RE respectively. SEW’s historical efficient 
baseline ranges between £506m and £524m depending on the triangulated 
suite. 

                                                
35 Each econometric model predicts costs with a degree of uncertainty that can be calculated. For 
example, a 95% confidence interval would be a range of cost predictions from a model where one would 
expect the true cost to fall 95% of the cases. The noise-to-signal ratio is the range normalised to the 
predicted cost and can be used as a proxy for the degree of uncertainty in predicting a company’s 
expenditure. 
36 Oxera (2018), ‘Impact of diseconomies in sources, treatment plants and abnormal groundwater 
complexity in Ofwat’s models’, August.  
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Table 3.6 SEW’s historical efficient cost baseline (OLS and RE) 

  
SEW AMP actual 

costs (£m) 

Pooled OLS 
historical 

efficient cost 
baseline (£m) 

RE historical 
efficient cost 
baseline (£m) 

Full suite (Ofwat) 524 514 (2%) 513 (2%) 

Ofwat models controlling for 
treatment complexity 

524 524* (0%) 524* (0%) 

Ofwat models not controlling 
for treatment complexity 

524 507 (3%) 507 (3%) 

Noise to signal ratio 
(benchmark companies) 

524 511 (3%) 510 (3%) 

Noise to signal ratio (SEW) 524 506 (3%) 516 (2%) 

Note: All costs are in 2017/18 prices. Numbers in parentheses refer to SEW’s catch-up 
target. The historical efficient cost baseline includes special cost adjustments in all suites. 
*Given that SEW was estimated to be more efficient than the benchmark in some of the 
models, the efficient expenditure was set to the outturn expenditure.  

Source: Oxera analysis. 

To complete the assessment based on Ofwat’s models, Table 3.7 shows 
SEW’s efficient cost predictions using SFA. This suggests a catch-up in the 
range of 2% to 9% when no claim is added to cost predictions.   

However, the wider variation in SFA results across models described above 
suggests that different model specifications substantially affect SEW’s 
efficient cost predictions, thus suggesting that the SFA model is not 
sufficient to overcome model specification issues. Indeed, the robustness of 
the SFA (and other estimation approaches) is dependent on the robustness 
of the cost model. As such, the SFA results may still underestimate SEW’s 
expected costs in some of Ofwat’s models (for example, where key 
operational drivers are excluded). To that end, the last column of Table 3.7 
shows SEW’s efficient predicted costs once the cost claim is added to SFA 
estimates.37  

Table 3.7 SEW’s historical efficient expenditure (SFA) 
 

SEW AMP 
actual costs 

(£m) 

Historical 
efficient cost 
baseline (£m) 

Historical 
efficient cost 

baseline - with 
claim (£m) 

Full suite (Ofwat) 524 489 (7%) 511 (3%) 

Ofwat models controlling for 
treatment complexity 

524 511 (3%) 524* (0%) 

Ofwat models not controlling for 
treatment complexity 

524 475 (9%) 496 (5%) 

Note: All costs are in 2017/18 prices. Numbers in parentheses refer to SEW’s catch-up 
target. * Given that SEW was estimated to be more efficient than the benchmark in some of 
the models, the efficient expenditure was set to the outturn expenditure.  

Source: Oxera analysis. 

The full results from Ofwat’s models are shown Table 3.8 below. SEW’s 
efficient historical expenditure is estimated to be in the range of £511m to 

                                                
37 A proper assessment of the claim in this context would require the SFA four-component model to be 
run on the amended set of models used to estimate the claim. As such, the SFA efficiency and cost 
estimates adjusted for the claim need to be considered as indicative and directional only. 
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£513m over an AMP with a corresponding catch-up target of between 2% 
and 3%.38 

Table 3.8 Summary of SEW’s efficient predicted costs—Ofwat’s 
models (£m) 

 
OLS RE SFA 

SEW actual AMP costs, £m 524 524 524 

Efficiency-corrected predicted AMP costs 
(£m) 

511 513 511 

Catch-up target 
3% 2% 3% 

Note: All costs are in 2017/18 prices.  

Source: Oxera analysis. 

3.5 Value chain analysis 

Separate modelling of the components of base TOTEX—for example, water 
resources and network plus separately—could provide an alternative view 
on SEW’s efficiency, and may better capture company-specific factors 
affecting the cost components.  

While we have noted reservations regarding value chain modelling on the 
limited dataset available for consideration and given reporting concerns 
noted by companies in the consultation response, it can serve as a cross-
check to the aggregate analysis shown in the previous sections. Given the 
limitations, a rigorous selection of the benchmark was not considered for the 
value chain models, an upper-quartile benchmark is supported by the 
evidence presented in section 3.4.  

The efficient cost estimates by price control are shown in the table below. A 
triangulation across Ofwat’s value chain models provides an aggregate 
estimate between £515m and £520m (i.e. 0%–2% catch-up), which is in line 
with the results obtained by modelling aggregate BOTEX.  

Table 3.9 Value chain modelling results 

  Water 

Resources 
Network plus BOTEX 

SEW actual AMP costs, £m 46 478 524 

OLS efficient AMP cost, £m  46 469 515 (2%) 

OLS rank 7 10 10 

RE efficient AMP cost, £m  46 474 520 (0%) 

RE rank 5 8 8 

Note: All costs are in 2017/18 prices. Numbers in parentheses refer to SEW’s catch-up 
target. 

Source: Oxera analysis. 

3.6 Summary of results  

Based on the last six years of data and a wide consideration of model 
specifications, aggregation and triangulation possibilities, SEW historical 

                                                
38 The central estimate corresponds to the median value across the different triangulated suites used for 
OLS, RE and SFA. 
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efficient BOTEX expenditure is estimated to be in the range of £496m to 
£524m, with a central estimate of £518m (in 2017/18 prices).39  

Given that outturn expenditure equals £524m,40 SEW’s catch-up is 
estimated to be around 1% (c. £6m). The graph below shows SEW’s 
estimated efficient costs over an AMP based on historical data, comparing 
to the estimated efficient BOTEX at PR14 and SEW’s outturn expenditure.  

Figure 3.1 Summary of SEW’s historical efficient water wholesale 
BOTEX expenditure (£m)  

 

Note: Ofwat did not set BOTEX allowances at PR14. An efficient BOTEX allowance was 
estimated using the triangulated results from the BOTEX feeder models and the overall 
results. As such, it can be considered an approximation only. All costs are in 2017/18 prices 

Source: Oxera analysis.

                                                
39 Specifically, the final estimate is obtained as the median value across the central estimates obtained 
on SEW models and Ofwat models using OLS, RE, and SFA estimation approaches.  
40 Based on average per annum expenditure in the modelling period, i.e. 2011–12 to 2016–17. 
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4 Ongoing efficiency assessment  

As described in the introduction, wholesale water costs are determined by a 
number of factors, including: 

 catch-up efficiencies—i.e. cost reductions from catching up to the 
efficiency frontier, as set by best practice in the industry; 

 input price effects—i.e. changes in the price of labour, capital and raw 
materials;  

 frontier-shift efficiencies—i.e. cost reductions from technological 
improvements. 

The efficient level of wholesale water costs over 2020–25 will depend on the 
impact of these factors, among other things.41 A company could be affected 
by input price effects in a materially different way through its ability to offset 
any increase in input prices through further efficiencies.  

For example, if a company is inefficient, it will have scope to reduce the cost 
base and offset input price effects through catch-up efficiencies. By 
contrast, if a company is already at the efficiency frontier, it can offset these 
effects through frontier-shift efficiencies.  

In section 2, we estimated SEW’s potential for catch-up efficiency. In this 
section, we assess the potential for productivity improvements due to 
technological improvement (also referred to as ‘frontier shift’) net of real 
price pressure over AMP7. 

4.1 Input price pressure assessment 

In this section, we quantify the input price pressure that will apply to SEW 
over AMP7. Unlike for retail, wholesale controls are indexed to general 
inflation. As such, input price pressure is determined as ‘net’ of CPI. While 
Ofwat will index wholesale controls to CPIH, given the lack of reliable CPIH 
forecasts and the general closeness of the two indices, CPI forecasts were 
deemed sufficient for this analysis. 

The methodology we have adopted in order to derive the net input price 
pressure includes the following key steps: 

 identification of SEW’s key wholesale cost components (section 4.1.1);  

 selection of appropriate inflationary drivers (section 4.1.2).  

4.1.1 Identification of input price mix  

SEW provided Oxera with a breakdown of its wholesale water OPEX split by 
price controls and at aggregate level for CAPEX. In this section we present 
the input mix information at the BOTEX level and results by price control 
can be found in Appendix 2. 

The composition of SEW’s cost base is examined in Table 4.1 for OPEX 
and Table 4.2 for CAPEX. The former shows that the largest single input of 
SEW’s operating costs relate to labour (21%) and the second-largest 

                                                
41 We do not consider other issues, such as the impact of future changes in cost drivers (e.g. the growth 
in the number of properties served) in this report.  
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contribution to its costs is energy (18%). A majority of OPEX is considered 
as ‘other’ (52%). 

Table 4.1 Composition of SEW’s OPEX cost base 

Input Percentage of OPEX costs 

Labour 21% 

Energy  18.3% 

Chemicals 2.7% 

Materials 6% 

Other 52% 

Source: Oxera analysis based on information provided by SEW. This information was not 
verified by Oxera. Percentages may not sum to 100% due to rounding. 

Table 4.2 shows that the majority of SEW’s CAPEX costs relate again to 
labour (52%). Materials, plant and equipment account for 39% and the 
residual represents only 9% of expenditure. Such a split is broadly similar to 
those published by the Northern Ireland utility regulator in relation to a 
notionally efficient water company, although SEW’s share for materials, 
plant and equipment represent a lower proportion of the total (39% 
compared to 50% in the Northern Ireland precedent).42  

 Table 4.2 Composition of SEW’s CAPEX cost base 

Input Percentage of CAPEX costs 

Labour 52% 

Materials, plant and equipment  39% 

Other 9% 

Source: Oxera analysis based on information provided by SEW. This information was not 
verified by Oxera. 

As a sensitivity, we have estimated input price pressure using the input mix 
from the Northern Ireland precedent (both for OPEX and CAPEX) and the 
results are broadly robust to these changes. For this analysis, we have 
focused on SEW’s input mix to identify the input price pressure for it. 
Section 2 indicated that SEW’s outturn expenditure is relatively efficient, and 
hence its cost share43 can be considered representative of an efficient mix 
of inputs. 

4.1.2 Selection of inflationary drivers 

Labour costs  

As noted previously, the analysis requires estimates of input price pressure 
for SEW for the period 2020/21 to 2024/25. In the case of staff-related input 
price pressures, the Office for National Statistics (ONS) publishes monthly 
updates on the UK labour market.44 Its most recent forecasts for the annual 
change in average earnings up to 2022/23, published in March 2018, are 
set out in the table below, along with our assumptions for the final two 
years. 

                                                
42 Utility Regulator, Northern Ireland (2015) ‘PC15 Annex O, The Rate of Frontier Shift Affecting Water 
Industry Capital Costs’, July. 
43 Developed based on a projection of the outturn spend. 
44 Office of Budget Responsibility (2014), ‘Economic and fiscal outlook’, March. 
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Table 4.3 Forecast annual percentage change in average earning  

Forecast 2018–19 2019–20 2020–21 2021–22 2022–23 2023–24 2024–
25 

Average 
earnings 

2.7% 2.4% 2.5% 2.7% 2.9% 2.7%* 2.7%* 

Note: * As no forecast is available for 2023–25, it is assumed that the expected annual 
change in average earnings is the same as the average over the period 2018–19 to 2022–
23, i.e. 2.7%. 

Source: ONS (2018), ‘UK labour market: March 2018’, Statistical bulletin, March.   

Others 

As there were no forecasts available for most of the inflationary drivers other 
than labour, the historic average wedge between CPI and the corresponding 
inflationary index was used to generate forecast.45 The national grid Future 
Energy Scenarios (FES) was used to proxy power costs,46 the Machinery 
and Equipment Price Index (ONS) was used for materials and equipment, 
and the Producer Price Index (ONS) was used for chemicals.  

For Environment Agency, bad debt and other OPEX and CAPEX costs,47 
forecast CPI was used.48 The Office of Budget Responsibility’s CPI inflation 
forecasts are shown in Table 4.4. 

Table 4.4 Forecast annual inflation rate  

Forecast 2018–19 2019–20 2020–21 2021–22 2022–23 2023–24 2024–25 

CPI 2.4% 1.8% 1.9% 2.0% 2.0% 2.0%* 2.0%* 

Note: * As no forecast is available for 2023–25, it is assumed that the expected annual 
inflation rate is the same as the average over the period 2018–2023, i.e. 2% for CPI. 

Source: Office of Budget Responsibility (2014), ‘Economic and fiscal outlook’, March.  

Based on SEW’s input mix, the following tables show the forecast for all 
inputs considered in the analysis. The estimated weighted input price 
pressure over AMP7 equals 2.4% p.a. both for OPEX and CAPEX. Results 
by price control can be found in the appendix.  

Table 4.5 OPEX aggregate input price inflation (per annum) 

Input Weighting IPP forecast p.a. 

Labour 21% 2.8% 

Energy  18.3% 3.5% 

Chemicals 2.7% 0.8% 

Materials 6% 1.8% 

Other 52% 2.0% 

Weighted average  
 

2.4% 

Source: Oxera analysis. 

                                                
45 In a similar fashion, Ofgem’s approach to estimating RPEs for RIIO-T1/GD1 was to draw on outturn 
data and short-term independent forecasts where available, and use the real average 
historical rate for relevant input price indices for all other years. See Ofgem (2012), ‘RIIO-T1/GD1: Real 
price effects and efficiency appendix’, 17 December.  
46 National Grid (2018), ‘Future Energy Scenarios’, July.  
47 It is not clear what the most appropriate driver of other CAPEX costs should be. A construction price 
index was considered, but this may double-count the effect of labour and materials on overall input 
prices. As such, a general price index (in this case, CPI) was considered. 
48 The use of general price indices to forecast “other” expenditure has regulatory precedent. For 
example, see: First Economics (2014), ‘PC15 Annex O – The Rate of Frontier Shift Affecting Water 
Industry Capital Costs’. 
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Table 4.6 CAPEX aggregate input price inflation (per annum) 

Input Weighting IPP forecast p.a. 

Labour 52% 2.8% 

Materials 39% 1.8% 

Other CAPEX 9% 2.0% 

Weighted average  
 

2.3% 

Source: Oxera analysis. 

For wholesale services, Ofwat allows companies to recover the impact of 
general inflation on their cost base, as measured by CPIH. Therefore, input 
price pressure is finally estimated ‘net’ of CPIH. The table below 
summarises the real price effect (RPE) estimates for wholesale by price 
control (net of CPIH). 

Table 4.7 RPE estimates by price control (per annum) 

Expenditure type  RPE 

Water resources OPEX 0.6% 

Network plus OPEX 0.3% 

Maintaining the long-term capability of infrastructure  0.3% 

Maintaining the long-term capability of non-infrastructure 0.3% 

Wholesale BOTEX 0.3% 

Source: Oxera analysis. RPEs are based on the IPP forecasts presented in previous tables 
and a CPIH annual estimate of 2% per annum.  

4.2 Productivity analysis  

In this section, we estimate a benchmark for frontier-shift efficiencies for 
SEW over AMP7. At a high level, the ongoing efficiency targets of UK 
regulators tend to be based on a framework that has previously been used 
across a number of sectors, although its implementation varies. We broadly 
follow the framework set out in Oxera’s April 2016 report for the ACM.49 In 
summary, the framework reaches a conclusion on the potential for 
productivity improvement in the assessed industry through the use of 
indirect comparisons, such as estimates of total factor productivity (TFP) 
change achieved in whole sectors of the economy.50 

The framework is made up of several components, and important decisions 
need to be taken for the assessment, including on: 

 the productivity measure(s) and database to be used. This report 
specifically focuses on TFP value-added (VA) measure and the EU 
KLEMs database; 

 the period over which historical productivity performance will be 
examined; 

 the type and number of external comparators that will inform the 
benchmarks. 

                                                
49 Oxera (2016), ‘Study on the ongoing efficiency for Dutch gas and electricity TSOs’, prepared for the 
ACM, April, https://www.acm.nl/sites/default/files/old_publication/publicaties/15537_agendapunt-5-study-
on-ongoing-efficiency.pdf. 
50 Such estimates are based on information from the National Accounts. See EU KLEMS Growth and 
Productivity Accounts, www.euklems.net/index.html, accessed 27 July. 

http://www.euklems.net/index.html
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4.2.3 Productivity measures 

TFP analysis has often been used in a regulatory setting to derive an 
estimate of the performance improvements that are likely to be available in 
the future (usually until the next price control review). This analysis typically 
examines the productivity growth of a number of sectors of the economy 
that are deemed comparable to the various activities of the assessed 
companies, referred to in this report as the ‘comparator set’. The analysis 
uses this information to form a view on the potential for frontier shift or 
‘ongoing efficiency’ improvements. In essence, the comparator set forms the 
comparator group used to provide a frontier shift benchmark for the 
regulated company.  

For RIIO-GD1, Ofgem calculated productivity measures based on two 
available output measures: value-added (VA) and gross output (GO).51 The 
choice of output measure on which to base the productivity estimates is very 
important because VA-based TFP measures will always display larger 
productivity changes (both positive and negative) than GO-based TFP 
measures,52 and the differences can be quite significant. However, deciding 
which output measure is more appropriate is difficult and requires some 
judgement.  

Both of these types of TFP measure are theoretically valid means of 
measuring productivity. The main advantage of using GO-based TFP 
measures is that gross output is the appropriate output concept at the 
company level since it includes the contribution of intermediate inputs to 
production. VA-based TFP measures are immune to changes in the vertical 
structure of firms. If, for example, capital and/or labour are outsourced, 
intermediate inputs will play a relatively larger role. Such change in the 
composition of inputs will affect GO TFP more than VA TFP measure. 
Ideally, both VA- and GO-based TFP measures could be used to inform the 
potential for productivity growth in the industry. However, the EU KLEMS 
dataset only produces VA output measures, so we are limited to the use of 
VA-based TFP measures only.  

The EU KLEMs database is our preferred data source, given its widespread 
usage in similar analyses in the regulated utility sector. It shows historical 
changes in total factor productivity (TFP) across a number of sectors in 
countries across Europe.  

4.2.4 Selecting the appropriate period of analysis  

The timeframe over which productivity performance is measured in the 
comparator set is important for the comparison, mainly because productivity 
tends to be influenced by the business cycle.53 Compared with the long-run 
trend, TFP growth tends to be lower during recessionary periods (e.g. since 
companies typically do not shed labour immediately, in order to maintain 
capacity at the expense of reductions in productivity) and higher during 
growth periods (as this excess capacity is used). Therefore, TFP growth 
comparisons are made over a complete business cycle to avoid 
misrepresenting the impact of recessionary or growth periods. 

                                                
51 Ofgem (2012), ‘RIIO-T1/GD1: Initial Proposals—Real price effects and ongoing efficiency appendix’, 
July, sections 3 and 4. 
52 When the productivity analysis is based on growth accounting (the methodology adopted by both 
Ofgem and EU KLEMS). 
53 Business cycles are periodic swings in an economy’s pace of demand and production activity, 
characterised by alternating phases of growth and recession. 
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An analysis of total economy trend-adjusted VA output suggests the 
following two potential business cycles over which TFP can be examined: 

 a shorter business cycle from 2002 to 2010;  

 a longer business cycle from pre-1996 to 2014. 

On the former, both 2002 and 2010 could represent small deviations from 
the norm in VA growth as they are inconsistent with neighbouring data 
points. In addition, this cycle comprises quite a small sample size compared 
to the overall size of the dataset and gives a lot of weight to the ‘irregular’ 
period during the financial crisis, without accounting for most recent years.  

The longer business cycle from 1996 to 2014 is therefore considered as 
more appropriate. Although this might not necessarily represent a ‘full’ 
business cycle (data pre-1996 is not comparable), more data points 
generally tend to lead to a more reliable estimate. As a result, our preferred 
timeframe for the analysis includes this longer business cycle whereas the 
shorter one is considered as sensitivity analysis.  

 Figure 4.1 Annual trend-adjusted change in VA, UK (total 
industries) 

 

Source: Oxera analysis based on EU KLEMS data. 

4.2.5 Comparator selection 

Based on data on comparable sectors in the economy, it is possible to 
estimate the historical rate of frontier shift that other sectors have achieved.  

Our set of comparators aims to reflect the activities and operations of water 
wholesalers as closely as possible within the limitations of the available 
productivity dataset. Based on the cost breakdown adopted by Ofwat, the 
key activities in wholesale operations include: water resources, raw water 
distribution, water treatment, and water treated distribution. CAPEX includes 
infrastructure and non-infrastructure activities. Using Ofwat’s data, we have 
mapped sectors to relevant activities that form part of OPEX and CAPEX, 
as shown in Table 4.8.  
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Table 4.8 Mapping OPEX and CAPEX-related activities 

  Industry 
average 

share 

Sector 1 Sector 2 Sector 3 

Water resources 
OPEX 

6% Construction Total 
manufacturing 

Electricity, gas and 
water supply 

Raw water 
distribution OPEX 

2% Construction 
 

Electricity, gas and 
water supply 

Water treatment 
OPEX 

16% Chemicals and 
chemical 
products 

Construction Electricity, gas and 
water supply 

Treated water 
distribution OPEX 

30% Construction 
 

Electricity, gas and 
water supply 

CAPEX—
infrastructure 

28% Other 
manufacturing; 
repair and 
installation of 
machinery and 
equipment 

Construction 
 

CAPEX— 
non-infrastructure 

18% Other 
manufacturing; 
repair and 
installation of 
machinery and 
equipment 

Construction 
 

Source: Oxera analysis based on EU KLEMS (2016) and historical OPEX data provided by 
Ofwat.  

The key comparator sectors are examined in more detail below.  

Construction 

‘Construction’ covers several relevant activities, such as the construction 
and connection of new pipes. ‘Construction’ also covers activities that deal 
with maintaining, expanding and enhancing physical infrastructure, which is 
a large part of the on-the-ground operations of water and wastewater 
companies.  

One of the main sub-classifications for the construction industry is civil 
engineering, which is a very good fit for the water industry. However, 
productivity data is not available at this level of disaggregation. As such, the 
analysis uses the aggregate (headline) ‘Construction’ industry as the main 
comparator for all activities performed within wholesale water services. We 
also note that Ofgem used this sector as the main comparator to estimate 
TFP growth for CAPEX and replacement expenditure.54  

Repair and installation of machinery and equipment (manufacturing) 

This sector covers i) the repair of fabricated metal products, machinery and 
equipment and ii) installation of industrial machinery and equipment. The 
presence of repair activities makes this sector relevant to CAPEX. 
Moreover, installation activities are relevant to the construction of pipes. 

Electricity, gas and water supply (EGW) 

‘Electricity, gas and water supply’ contains the following industries: i) 
electricity, gas, steam and air conditioning supply, water collection, 

                                                
54 Ofgem (2012), ‘RIIO-T1/GD1: Real price effects and ongoing efficiency appendix’, December, p. 15. 
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treatment and supply; ii) sewerage; iii) waste collection, treatment and 
disposal activities; (iv) materials recovery; and v) remediation activities and 
other waste management services.  

By construction, the EGW sector includes water/waste collection, treatment 
and supply activities. Therefore, using this sector as a benchmark might (i) 
introduce a degree of endogeneity in the benchmarking process, since the 
benchmarks would be partially informed by the past performance of the 
companies under assessment; and (ii) capture the impact of catch-up post-
privatisation.  

Consistent with precedents from other regulators, our preferred approach 
would be to exclude the EGW sector from the set of comparator industries. 
However, results including the EGW sector as a comparator would be 
presented for sensitivity. 

Other comparator sectors  

Among the other comparator sectors, the ‘Chemicals and chemical 
products’ sector is used to reflect complex water treatment activities, 
whereas ‘Total manufacturing’ is used as additional comparator for the 
water resources activity to capture activities such as water abstraction 
(which has a large component relating to the operation and maintenance of 
pumping stations). For these processes, the ‘Gas transmission and 
distribution’ sector could be a more suitable comparator, but data is not 
available at this disaggregate level and the analysis does not make use of 
the EGW sector for its primary estimates (but is used as a sensitivity) due to 
the circularity concerns (as discussed below). Therefore, ‘Total 
manufacturing’ is used here as the closest available alternative. 

4.2.6 Aggregate TFP estimates 

The aggregate TFP are derived using weighted and unweighted average. 
Both averaging approaches use the same comparator set, but the weighted 
average weighs the contribution of each comparator on the basis of the 
distribution of costs across each activity. The unweighted average measure 
is a simple average of the comparator set, with no assumptions on the 
importance of each activity to the cost base.  

The weighted average measure could be considered a more ‘complete’ 
measure, as it takes into account more industry-specific information relative 
to the unweighted average; however, it also rests on the assumption that 
the weights used for the analysis are accurate. If this is not the case, the 
unweighted average measure should take precedence or both results 
considered in the process. 

The table below presents the average growth rates of VA-based TFP for the 
comparator set over our preferred business cycle, i.e. 1996–2014.  
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Table 4.9 Average growth rates of VA-based TFP for the 
comparator set, 1996–2014 

Sector Annual TFP 
estimate 

Total manufacturing 1.2% 

Chemicals and chemical products 1.4% 

Other manufacturing; repair and installation of 
machinery and equipment 

1.3% 

Electricity, gas and water supply* -1.8% 

Construction 0.2% 

Note: * EGW to be considered as a sensitivity.  

Source: Oxera analysis based on EU-KLEMS data. 

Table 4.10 summarises the TFP estimates based on a weighted and 
unweighted average approach over the period 1996–2014 and excluding 
EGW from the set of comparators. TFP results are split by price control as 
requested by Ofwat’s template as part of the business plan submission. 
Aggregate BOTEX TFP estimates have been calculated as the weighted 
average of TFP estimates for individual activities (i.e. 47.4% for network 
plus, 6.3% for water resources and 46.3% for capital maintenance).  

Table 4.10 TFP estimates  

Activity Business cycle Weighted average Unweighted average 

WR OPEX 1996–2014 0.7% 0.7% 

N+ OPEX 1996–2014 0.4% 0.8% 

All CAPEX 1996–2014 0.7% 0.7% 

BOTEX 1996–2014 0.6% 0.8% 

Note: * Overall BOTEX TFP estimates have been calculated as the weighted average of TFP 
estimates for individual activities.  

Source: Oxera analysis.  

The decision regarding whether a weighted or unweighted measure should 
be preferred requires careful consideration. With the removal of the EGW 
sector from the set of comparators, the comparator set remains dominated 
by ‘Construction, a sector that can be quite sensitive to changes in demand. 
This is important in the analytical framework because rapid changes in 
demand/output can make input adjustment difficult, resulting in underutilised 
inputs (e.g. idle plant, equipment and construction crews), which will result 
in the analysis as reduced productivity performance. 

The water sector is instead less sensitive to such issues, due to the nature 
of the output and the price control arrangements. A way of lessening the 
impact of the construction sector in the analysis is to focus on the 
unweighted average measure, which assigns equal weight to all comparator 
sectors. An alternative may be to consider an average between the 
weighted and unweighted average. In the conclusions below, we have 
focused on the latter (higher) estimate, but also provided the former as a 
sensitivity. 

The robustness of these estimates were checked against sensitivities using 
alternative comparator sets and timeframe of analysis (see appendix A3). 
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4.3 Net frontier shift  

Assuming that there are no changes to the quality and quantity of the 
outputs produced by South East Water, the ongoing efficiency improvement 
over AMP7 is given by the combined effects of frontier shift and RPEs.  

Our wholesale analysis indicates a net frontier shift (TFP less RPE) of 0.4% 
per annum on water BOTEX based on an unweighted average approach. 
Put differently, BOTEX is expected to improve, relative to the CPIH, by 
about 0.5% p.a. on water.55 This corresponds to 0.3% p.a. on water 
resources and 0.5% on network plus.  

Table 4.11 Net frontier shift  

Business 
cycle 

Aggregation 
Wholesale 

water BOTEX 

Water 
resources 

BOTEX 

Network plus 
BOTEX 

1996–2014 Weighted average 0.3% 0.3% 0.3% 

1996–2014 
Unweighted 

average 
0.5% 0.3% 0.5% 

1996–2014 Average 0.4% 0.3% 0.4% 

Source: Oxera analysis, based on SEW’s data.

                                                
55 Should an average between weighted and unweighted average be considered, the net frontier shift 
would equal 0.5% (range is 0.3–0.7%). 
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5 Conclusions 

Using data published by Ofwat as part of the cost modelling consultation,56 
Oxera has assessed the historical relative efficiency of South East Water 
(SEW)’s expenditure on water BOTEX and estimated the ongoing efficiency 
assumption that could apply to SEW at PR19.  

To determine SEW’s relative efficiency on BOTEX, models submitted by 
SEW and published by Ofwat as part of Ofwat’s modelling consultation were 
considered. The pooled OLS estimation approach used in the modelling 
consultation was examined, alongside SFA and RE, which are able to 
accommodate company heterogeneity and isolate inefficiency from 
uncertainty/noise. The alternative approaches are used widely by UK and 
continental European regulators. 

Based on the last six years of data and a wide consideration of model 
specifications, aggregation and triangulation possibilities, SEW’s historical 
efficient BOTEX expenditure over an AMP is estimated to be in the range of 
£496m to £524m, with a central estimate of £518m (in 2017/18 prices). 
Given its AMP outturn expenditure of £524m,57 SEW’s required historical 
catch-up to get to this estimated efficient level is estimated to be around 1% 
(c. £6m).  

The wholesale water BOTEX models submitted by Ofwat and SEW were 
reassessed in light of the 2017/18 data submission in July 2018. The model 
results and estimated efficient cost predictions were largely insensitive to 
the additional year and the updated data indicated an overall improvement 
in SEW’s performance across models.  

This catch-up assessment has been complemented by an analysis of input 
price effects and productivity improvements. On the assumption that there 
are no changes to the quality and quantity of the outputs produced, the net 
effect between these two components will determine SEW’s ongoing 
efficiency improvement over AMP7. 

To estimate the input price pressure faced by SEW, we considered SEW’s 
input mix and linked each cost component to an appropriate inflationary 
forecast. Our results suggest real price effects (net of CPIH) of 
approximately 0.3% per annum on BOTEX. At the disaggregate levels, this 
corresponds to a RPE of 0.4% p.a. for water resources and 0.3% p.a. for 
network plus BOTEX. 

The assessment of productivity improvements based on Total Factor 
Productivity (TFP) in comparable sectors of the economy suggests a TFP 
estimate of 0.8% per annum for BOTEX and 0.7% and 0.8% for water 
resources and network plus BOTEX respectively.  

The combination of input price inflation and frontier shift results in a net 
frontier shift of approximately 0.5% per annum on BOTEX overall. In other 
words, productivity growth is expected to outstrip the input price pressure 
over AMP7 at about 0.5% per annum.

                                                
56 Ofwat (2018), ‘Cost assessment for PR19: a consultation on econometric cost modelling’, March. 
57 Based on average per annum expenditure in the modelling period, i.e. 2011–12 to 2016–17. 
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A1 Regression output 

A1.1 Ofwat’s wholesale water BOTEX models 

Table A1 and Table A2 show regression results from Ofwat’s models, based 
on the dataset published by Ofwat as part of the consultation on 
econometric cost modelling in March 2018.58  

Two key diagnostic tests are shown at the bottom of the regression table 
using pooled OLS (Table A1)—the RESET test and the Breusch–Pagan 
Lagrangian multiplier test. The former is used to detect whether the 
functional form of the model is correctly specified, whereas the latter tests 
for panel structure in the data. 

The higher the p-value of the RESET test, the more likely it is that the model 
is well-specified. The null p-value of the Breusch–Pagan test recognises a 
panel structure in the data and therefore justifies the use of panel estimation 
techniques such as Random Effects (RE).  

Results from RE regressions are shown in Table A2. The diagnostic tests 
(Hausman and over-identification tests) suggest that a RE panel 
specification tends to be preferred over an alternative panel specification 
such as Fixed Effect.  

SEW’s estimated efficiency scores and ranking in each of Ofwat’s models 
can be found in Table A3 and Table A4, respectively. 

 

 

                                                
58 Ofwat (2018), ‘Cost assessment for PR19: a consultation on econometric cost modelling’, March. 
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Table A1 Regression results—Ofwat’s BOTEX models (pooled OLS) 

 OWW1 OWW2 OWW3 OWW4 OWW5 OWW6 OWW7 OWW8 OWW9 OWW10 OWW11 OWW12 

Dependent variable  Ln(wholesale water base cost) 

Ln(connected properties) 1.109*** 1.078*** 1.114*** 1.053*** 1.037*** 1.081*** 
      

Ln(length of mains)       1.114*** 1.072*** 1.114*** 1.086*** 1.031*** 1.082*** 

% mains renewed and relined 0.177 0.185* 0.191* 0.286** 0.247** 0.276*** 0.210* 0.174 0.197* 0.184 0.130 0.165 

% mains laid or refurbished after 1981 -0.007* -0.007 -0.007 -0.005 -0.005 -0.006 -0.008* -0.006 -0.007* -0.009* -0.007 -0.008* 

Ln(average pumping head of water 
resources plus) 

0.272*** 0.170* 0.199** 
   

0.231** 0.172* 0.196** 0.252** 0.207* 0.231* 

Ln(booster pumping stations per length 
of main) 

 
0.280** 

  
0.392*** 

  
0.320* 

  
0.353** 

 

Ln(service reservoirs and water towers 
per length of mains) 

  
0.202** 

  
0.336*** 

  
0.183 

  
0.165 

% water treated in water treatments in 
band 3–6 

   
0.004 0.003 0.004** 

      

Ln(density) 
      

0.918*** 1.148*** 1.071*** 
   

Ln(weighted average density) 
         

0.248*** 0.330*** 0.290*** 

Constant -11.53*** -9.491*** -10.42*** -10.12*** -8.036*** -8.976*** -10.57*** -9.571*** -10.31*** -8.201*** -6.600*** -7.676*** 

 
            

Observations 107 107 107 107 107 107 107 107 107 107 107 107 

Estimation technique OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS 

Adjusted R-squared 0.972 0.976 0.975 0.963 0.974 0.973 0.973 0.976 0.974 0.968 0.971 0.969 

RESET test 0.372 0.145 0.684 0.0464 0.0467 0.161 0.346 0.162 0.476 0.0252 0.0211 0.0194 

Breusch–Pagan Lagrangian multiplier 
test 

0 0 0 0 0 0 0 0 0 0 0 0 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera analysis. 
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Table A2 Regression results—Ofwat’s BOTEX models (RE) 

 OWW1 OWW2 OWW3 OWW4 OWW5 OWW6 OWW7 OWW8 OWW9 OWW10 OWW11 OWW12 

Dependent variable  Ln(wholesale water base cost) 

Ln(connected properties) 1.110*** 1.083*** 1.114*** 1.056*** 1.039*** 1.079*** 
      

Ln(length of mains)       1.115*** 1.087*** 1.116*** 1.086*** 1.048*** 1.085*** 

% mains renewed and relined 0.214** 0.216** 0.213** 0.251** 0.245** 0.245** 0.216** 0.217** 0.215** 0.201** 0.200** 0.199** 

% mains laid or refurbished after 1981 -0.008** -0.007* -0.008** -0.007** -0.006* -0.006* -0.009** -0.008** -0.008** -0.009** -0.008* -0.008** 

Ln(average pumping head of water 
resources plus) 

0.261*** 0.183** 0.208*** 
   

0.223*** 0.184** 0.205*** 0.252*** 0.220** 0.243*** 

Ln(booster pumping stations per length 
of main) 

 
0.257** 

  
0.382*** 

  
0.228 

  
0.287* 

 

Ln(service reservoirs and water towers 
per length of mains) 

  
0.181** 

  
0.315*** 

  
0.122 

  
0.0980 

% water treated in water treatments in 
band 3–6 

   
0.003* 0.002* 0.003*** 

      

Ln(density) 
      

0.881*** 1.037*** 0.984*** 
   

Ln(weighted average density) 
         

0.252*** 0.318*** 0.279*** 

Constant -11.48*** -9.704*** -10.55*** -10.01*** -8.042*** -8.949*** -10.37*** -9.660*** -10.23*** -8.251*** -7.020*** -7.978*** 

 
            

Observations 107 107 107 107 107 107 107 107 107 107 107 107 

Estimation technique RE RE RE RE RE RE RE RE RE RE RE RE 

R-squared (overall) 0.973 0.977 0.976 0.964 0.975 0.974 0.974 0.977 0.976 0.970 0.972 0.970 

R-squared (between) 0.983 0.988 0.986 0.975 0.986 0.985 0.985 0.987 0.986 0.980 0.983 0.980 

R-squared (within) 0.143 0.138 0.138 0.117 0.112 0.110 0.148 0.140 0.143 0.160 0.158 0.158 

Hausman test 0.856 0.786 0.769 0.735 0.710 0.607 0.992 0.872 0.910 0.492 0.485 0.519 

Over-identification test 0.697 0.326 0.308 0.554 0.551 0.529 0.969 0.117 0.0213 0.156 0.0278 0.00560 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera analysis. 
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Table A3 SEW’s estimated efficiency – Ofwat’s models  
 

OWW1 OWW2 OWW3 OWW4 OWW5 OWW6 OWW7 OWW8 OWW9 OWW10 OWW11 OWW12 Average* 

OLS 
     

      
  

UQ 0.90 0.97 0.93 0.96 1.00 0.99 0.96 0.96 0.93 0.92 0.88 0.90 0.94 

UQi 0.88 0.95 0.91 0.95 0.99 0.98 0.94 0.95 0.92 0.90 0.84 0.89 0.92 

UD 0.88 0.94 0.90 0.90 0.98 0.96 0.93 0.94 0.91 0.89 0.83 0.83 0.91 

RE 

     
      

  

UQ 0.90 0.96 0.93 1.00 1.00 1.00 0.98 0.97 0.96 0.90 0.88 0.89 0.94 

UQi 0.90 0.95 0.92 0.95 1.00 0.99 0.95 0.96 0.94 0.89 0.85 0.89 0.92 

UD 0.88 0.94 0.91 0.91 0.98 0.96 0.95 0.94 0.94 0.89 0.84 0.85 0.92 

SFA  

     
      

  

Four-
component 
model 

0.86 0.95 0.90 0.92 1.00 1.00 0.96 0.95 0.91 0.89 0.82 0.86 0.93 

Note: * Average refers to the triangulated efficiency across all twelve models. 

Source: Oxera analysis.  

Table A4 SEW’s relative position—Ofwat’s models 
 

OWW1 OWW2 OWW3 OWW4 OWW5 OWW6 OWW7 OWW8 OWW9 OWW10 OWW11 OWW12 Average* 

POLS 8 7 8 7 5 6 7 9 7 10 13 11 8 

RE 9 8 8 5 5 5 7 7 7 10 13 11 7 

SFA 9 7 8 5 3 4 6 7 7 10 13 11 8 

Note: * Average refers to the triangulated position across all twelve models. 

Source: Oxera analysis.  
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A1.2 SEW-submitted BOTEX models 

Regression results from SEW-submitted models based on the data 
published by Ofwat in March 2018 are shown in the tables below. The 
RESET and Breusch–Pagan test have the expected p-value under OLS.  

Table A5 Regression results of SEW-submitted BOTEX models 
(OLS)  

 
SEWWW1 SEWWW2 SEWWW3 SEWWW4 

Dependent variable  Ln(wholesale water base cost) 

Ln(connected properties) 1.100***   1.081*** 

Ln(population served)  1.091***   

Ln(distribution input)   1.076***  

% area with more than 400 people per 
squared km 

0.539*** 0.373*** 0.133 0.597*** 

% area with less than 600 people per 
squared km 

0.504*** 0.589*** 0.412** 0.487*** 

% DI treated at complexity band 3–6 0.523*** 0.485*** 0.531*** 0.493*** 

Sources over DI 0.500*** 0.421** 0.451** 0.545*** 

% mains renewed and relined 23.19*** 20.25** 24.63**  

Year 2016 dummy -0.0710*** -0.0766*** -0.0528*** -0.110*** 

Constant  -11.42*** -4.587*** -2.915*** -11.04*** 

     

Observations 107 107 107 107 

Estimation technique  OLS OLS OLS OLS 

Adjusted R-squared 0.979 0.978 0.975 0.976 

RESET test 0.530 0.945 0.170 0.239 

Breusch–Pagan Lagrangian multiplier 
test  

0 0 0 0 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera analysis. 

Table A4 shows the Random Effect (RE) regression results.  
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Table A6 Regression results of SEW-submitted BOTEX models 
(RE) 

 
SEWWW1 SEWWW2 SEWWW3 SEWWW4 

Dependent variable  Ln(wholesale water base cost) 

Ln(connected properties) 1.103***   1.084*** 

Ln(population served)  1.095***   

Ln(distribution input)   1.076***  

% area with more than 400 people per 
squared km 

0.560*** 0.390*** 0.145 0.613*** 

% area with less than 600 people per 
squared km 

0.539*** 0.627*** 0.414** 0.518*** 

% DI treated at complexity band 3–6 0.437*** 0.404*** 0.469*** 0.392*** 

Sources over DI 0.442*** 0.365** 0.455*** 0.487*** 

% mains renewed and relined 22.22** 20.76** 19.58*  

Year 2016 dummy -0.0713*** -0.0748*** -0.0578*** -0.108*** 

Constant      

     

Observations 107 107 107 107 

Estimation technique  RE RE RE RE 

R-squared (overall) 0.980 0.980 0.976 0.977 

R-squared (between) 0.991 0.990 0.987 0.990 

R-squared (within) 0.152 0.170 0.152 0.0510 

Hausman test 0.904 0.990 0.901 0.342 

Over-identification test 0.348 0.478 0.397 0.0792 

Note: *** significant at 0.1%; ** significant at 1%; * significant at 5%. 

Source: Oxera analysis. 

A1.3 SFA results  

The table below shows SEW’s estimated efficiency scores on wholesale 
BOTEX models with the SFA four-component estimation approach.  

It also shows the p-value for the corresponding likelihood ratio test, which 
tests for the presence of time-invariant and time-varying inefficiency.  
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Table A7 SEW’s estimated efficiency on wholesale BOTEX models 
(SFA four-component) 

Model  SEW’s estimated 
efficiency 

Likelihood ratio test 
(time-varying 
inefficiency) 

Likelihood ratio test 
(time-constant 
inefficiency) 

SEWWW1 0.99  0.02   0.00  

SEWWW2 1  0.03   0.00  

SEWWW3 1  0.04   1  

SEWWW4 0.99  0.05   0.00  

OWW1  0.86   0.02   0.00  

OWW2  0.95   0.04   0.02  

OWW3  0.90   0.04   0.00  

OWW4  0.92   0.01   0.00  

OWW5  1   0.02   1  

OWW6  1   0.02   1  

OWW7  0.96   0.03   0.18  

OWW8  0.95   0.04   0.02  

OWW9  0.91   0.03   0.00  

OWW10  0.89   0.03   0.00  

OWW11  0.82   0.04   0.00  

OWW12  0.86   0.04   0.00  

 

Source: Oxera analysis. 
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A2 Input price pressure by price control 

The business plan submission requires input price pressure at the price 
control level rather than at the aggregate level. As such, this section shows 
input price pressure results for SEW’s OPEX for both water resources and 
network plus.  

A2.1 Identification of input mix 

SEW provided Oxera with a breakdown of its OPEX by price control. These 
shares are shown in the table below. 

Table A8 Composition of SEW’s OPEX cost base 

Input Water resources Network + 

Labour 13% 22% 

Energy  32% 16% 

Chemicals 1% 3% 

Materials 1% 7% 

Other 53% 52% 

Source: Oxera analysis based on information provided by SEW. This information was not 
verified by Oxera. Percentages may not sum to 100% due to rounding. 

‘Water resources’ is notably more energy intensive than ‘Network +’, with 
energy taking approximately twice as much of the expenditure share. ‘Other’ 
OPEX is the majority for both price controls.  

A2.2 Inflationary drivers 

The same inflationary drivers are used for each input, regardless of the 
price control under consideration. As such, the input price forecasts are 
identical to those shown in Table 4.5 and are repeated below for water 
resources and network plus for completeness. 

Table A9 Water resources OPEX input price inflation (per annum) 

Input Weighting IPP forecast p.a. 

Labour 13% 2.8% 

Energy  32% 3.5% 

Chemicals 1% 0.8% 

Materials 1% 1.8% 

Other 53% 2.0% 

Weighted average  
 

2.6% 

Source: Oxera analysis. 

Table A10 Network plus OPEX input price inflation (per annum)  

Input Weighting IPP forecast p.a. 

Labour 22% 2.8% 

Energy  16% 3.5% 

Chemicals 3% 0.8% 

Materials 7% 1.8% 

Other 52% 2.0% 

Weighted average  
 

2.4% 

Source: Oxera analysis. 
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The input price pressure SEW faces is approximately 0.2 percentage points 
higher in water resources than it is in network plus, driven mainly by 
differences in the share of energy expenditure.  
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A3 TFP sensitivities 

This appendix provides sensitivities to the productivity analysis with respect 
to the following. 

 Time period of analysis. The core analysis focused on the longer 
business cycle from 1996–2016. The sensitivity provided in this section 
runs equivalent analysis on a shorter time period, 2002–10. 

 Comparator set. The core analysis omitted the EGW sector from the 
analysis due to potential endogeneity issues. The sensitivity provided in 
this section includes the EGW sector in the comparator set.  

Table A9 shows the TFP estimates when considering the time period 2002–
2010. 

Table A9 TFP estimates, 2002–2010 

Activity Weighted average Unweighted average 

Water resources OPEX 1.3% 1.3% 

Network+ OPEX 0.9% 1.7% 

All CAPEX 1.4% 1.4% 

BOTEX  1.1% 1.5% 

Note: Overall BOTEX TFP estimates have been calculated as the weighted average of TFP 
estimates for individual activities.  

Source: Oxera analysis. 

These estimates are notably higher than what is estimated using the longer 
period of analysis. However, given that this time period only encompasses 
data from a highly volatile period for the UK (and global) economy, the 
estimates in the main report should take precedence.  

Table A10 shows the TFP estimates when the EGW sector is added to the 
comparator set. 

Table A10 TFP estimates, 1996–2014 including EGW  

Activity Weighted average Unweighted average 

Water resources OPEX -0.1% -0.1% 

Network+ OPEX -0.5% 0.0% 

All CAPEX 0.7% 0.7% 

BOTEX  0.1% 0.3% 

Note: Overall BOTEX TFP estimates have been calculated as the weighted average of TFP 
estimates for individual activities.  

Source: Oxera analysis. 

Including the EGW sector significantly reduces the TFP estimates in all 
parts of the value chain. Note that CAPEX does not include the EGW 
sector, so the results are unchanged. 
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Annex B Annex B Independent Cost Report 

ChandlerKBS 

This standalone annex contains confidential information and will not be made 

publically available. 

  



 

PR19 Supporting Appendix 13, Wholesale efficiency assessment | 3 September 2018 
 

Not confidential | Author: Richard Dixon | Last saved: 01/09/18 

File name: Appendix 13 Wholesale Efficiency FINAL 180901  Page 46 of 47 
 



 

 

 


