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C.8 Cost benefit analysis and carbon 
accounting

Overview

Cost Benefit Analysis

This section summarises our approach to cost benefit analysis (CBA) and how we have used 
it to develop our Final Business Plan.  We then provide a summary of our approach to carbon 
accounting.

We have followed best practice guidance in our application of cost benefit analysis in our 
Final Business Plan.  Benefits of interventions included in our Draft Business Plan were 
ascertained predominantly by assessing our customers’ views, via a questionnaire, on 11 
attributes. 

We have applied cost benefit analysis to all appropriate areas of our investment programme 
in compliance with the Ofwat guidance. All new schemes that improve on our current levels of 
service have been tested.  Our technical approach to cost benefit analysis conforms to 
Ofwat’s suggested methodology.  We have been able to construct benefit and cost estimates 
for most investment areas, though we do not consider them all to be very robust.  

In many investment areas we have been able to show that all intended AMP5 investments 
pass a benefit cost test – indeed some elements of the programme have been selected to 
ensure this.  There are two main areas where we have not been able to show this.

Firstly, some elements of the statutory wastewater quality investment programme do not pass 
our simple benefit cost test.  We must proceed with the schemes and clearly they have merit.  
We consider that it is possible that as the identification of impacts and values can be 
improved in future the CBA results may improve.

The second main area is for sewer flooding schemes.  Here our day to day experience in 
AMP4 and our stakeholder and deliberative customer research have convinced us that 
customers and the community place a very high priority on eliminating unacceptable flooding 
risks. We have applied a minimum service standard across our region, identifying the most 
worthwhile schemes to make up a programme which maintains steady progress in this area. 
By contrast, scheme by scheme CBA, using our customers’ willingness to pay values for the 
benefits, would lead to a smaller programme which would not deal with some situations we 
and our stakeholders consider unacceptable.  No doubt the CBA approach can be improved 
and that effort may eventually show that more schemes are worthwhile, but the real difference 
is more fundamental.  This difference is between our approach of expecting that a minimum 
service standard should be applied to all sewer flooding situations, which is the mandated 
regulatory approach for many other aspects of the quality of our service, and the CBA 
approach of scheme by scheme evaluation however bad the local situation is.  Under a 
narrow version of CBA testing, many unacceptable sewer flooding situations will never be 
addressed.

The table below provides a summary of our application of CBA and of the results, though we 
do not show the capital maintenance and supply demand programmes where all the schemes 
are cost effective and cost beneficial as relevant – they are reported on extensively in other 
sections of this document.  As already stated, in many categories of investment all schemes 
are cost beneficial according to our test, as is shown by the series of 100% figures in the right 
hand columns of the table.  
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Investment 
area

Total AMP5 
projects (#)

Total AMP5 
capex (£m)

AMP5 
Projects 

subject to 
CBA (#)

AMP5 
Capex 

subject to 
CBA (£m)

AMP5 
capex with 
project B>C

(CBA 
applied) 

(% of £m)

AMP5 
projects 
with B>C

(CBA 
applied) (% 

of #)

Water

QE 16 10 100 100

Growth 5 5 100 100

ESL 1 1 0 0

Sewerage

ESL

Odour 4 4 100 100

Sewer 
flooding

59 53 62 51

QE

UWWTD 17 16 47 88

Habitat 
Directive

10 10 19 67

Freshwater 
Fish 
Directive

8 8 31 75

CROW Act 10 7 100 100

Shellfish 
Directive

79 2 100 100

Groundwater 
Directive

22 23 47 91

Water 
Framework

44 35 100 100

BAP 5 1 100 100

Discharge 
Flow Limits

20 20 83 95

Security of 
Sites

1 1 0 0

These results can be shown graphically.

NPV Benefits

N
P
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o
s
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Carbon Accounting

To assess the impacts of the interventions proposed in our Final Business Plan we have 
developed a Carbon Calculator and adopted a detailed ‘bottom up’ Carbon Accounting 
approach to assess the carbon impacts of all our proposed interventions.  

During the development of our business plan we have worked with the Carbon Trust to 
identify opportunities for carbon savings and we have a number of ‘carbon mitigation’ 
schemes identified which are predicted to deliver a saving in the region of 32 ktCO2e.

Carbon mitigation 
activity

Predicted 
savings
kt/CO2

Capex
Investment

£,000

Cost/ktCO2

saved
£,000

Comments

1 Enhanced power 
consumption monitoring

8.26 283

Opex savings in power 
reinvested in process 
optimisation hence no Opex 
savings reported.

2 Automatic Meter 
Reading (AMR) devices - -

Good potential for emission 
reduction but difficult to 
quantify hence none quoted

3 Pump performance 
monitoring/refurbishment

15.69 319

Opex savings in power  
reinvested in pump 
refurbishment hence no 
Opex savings reported.

4 Water meter – demand 
reduction 3.00 - -

Main driver is demand 
reduction hence Capex for 
metering covered elsewhere

5 Real time process 
control 2.48 1,234

6 Optimisation of sludge 
transportation and 
treatment

- - -

Feasibility at this stage 
hence no emission reduction 
quoted. 
Note: 15 ktCO2e savings 
reported for AMP 5 in Draft 
Business Plan.

7 General operational 
optimisation 

- - -

Savings delivered during 
remainder on AMP 4 
therefore not reported here.
Note: 11 ktCO2e savings 
reported for AMP 5 in Draft 
Business Plan.

8 Hydro recovery 3.07 1,806
9 Brighton & Hove CHP

- ROC sold hence no 
reportable carbon savings

10

Other CHP 
Opportunities

- - ROC sold hence no 
reportable carbon savings

Totals 32.50

Finally we have estimated our 2014/15 operational emissions and provided an overview of 
how our investment decisions have shaped our future carbon footprint. AMP5 Waste water 
quality enhancement schemes have dominated our additional operational emissions and we 
are predicting an increase of 18% from 2007/08 emissions based on Defra reporting and 10% 
based on CRC.
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C.8.1.Cost benefit analysis

Southern Water’s AMP5 investment programme has been formed to enable us to fulfil our 
functions as the appointed company for our defined water and sewerage regions.  A 
substantial number of our investment projects are necessary to meet statutory quality 
obligations and these have been agreed with the relevant quality regulator, Drinking Water 
Inspectorate or Environment Agency (EA).  Some projects are necessary to maintain a 
reasonable rate of progress towards eliminating all unacceptable impacts on properties from 
our sewerage service (sewer flooding, odour).  Further projects are necessary to provide 
sufficient resilience and to meet tightening statutory limits on our ability to withdraw water 
from the environment, and these projects similarly have the backing of the EA where relevant 
(supply demand including metering).  Finally projects are necessary to maintain our assets in 
a state which prevents deterioration in service or in environmental impacts (capital 
maintenance)  

Whilst, in forming our investment programme, we need to meet a range of forces as outlined 
above, in all those areas we regard cost benefit analysis (CBA) as an important tool for 
helping ensure that our investment programme delivers value for money for our customers.  
This Section provides a detailed description of how we have used CBA techniques to inform 
the focus and size of our investment programme. 

We have taken the opportunity in the Final Business Plan to re-present our CBA work and to 
address all of the comments received from Ofwat with regard to our Draft Business Plan
submission.  The key issues that Ofwat identified were that we had not subjected a proportion 
of our capital programme to CBA, and that we had provided insufficient evidence to support 
our proposals.  Since the submission of our Draft Business Plan, we have worked hard to 
extend CBA to those elements which had not been completed.  With the exception of a small 
number of cases where there are good reasons (e.g. investigation projects re environmental 
improvements), we can confirm that all of our relevant schemes have been subject to CBA, 
and we set out a comprehensive description of our analysis by programme area in this 
chapter.

Most but not all of the schemes in our final investment programme have been shown to be 
justified on strict cost benefit grounds.  The remaining schemes are essentially of three sorts.  
All are necessary for us to fulfil our functions as we understand them, and all should be 
allowed for in full by Ofwat within our base programme.  

The first and most significant set of such schemes are some of those required to meet our 
statutory obligations with regard to environmental quality standards.  In these instances we 
have a statutory requirement to meet and we have identified a scheme to do this at least cost, 
but we have been unable to use the evidence available within a reasonable time to show that 
the scheme is cost beneficial.  Often this is because there is insufficient detail on the 
environmental impact, or on the value of that exact type of impact, to allow us complete a 
convincing full CBA - lengthy and costly site specific studies would be needed in such 
circumstances.  

The second area where a group of schemes is necessary and should form part of the base 
AMP5 investment programme, but where we have not been able to show that all the schemes 
in our programme pass a basic benefit cost test, relates to a significant reduction in sewer 
flooding risk.  We have made good progress towards this aim in the current period, working 
closely with stakeholders including CCWater, local government, MPs, as well as those 
affected, but there remains more to do.  In our extensive stakeholder research for AMP5 
making more progress on sewer flooding emerged as a high priority for key stakeholders and 
for the customer base in general, evidenced in both deliberative and willingness to pay 
research, as set out in section C1.  We have formed an AMP5 programme, smaller than that 
in AMP4 but enough to maintain steady progress, using a succession of investigations and 
steps to filter and prioritise the problems addressed.  In this we draw on a method developed 
closely with CCWater in the current period to score and rank schemes.  Our method focuses
on schemes which eliminate unacceptably high risks of an internal sewer flooding and/or high 
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consequence external flooding and pollution incidents.  Many but not all of the selected 
individual schemes pass a simple benefit cost test which relies on our willingness to pay 
survey work as the basis for the benefit estimate.  Our approach of wishing to provide a 
minimum service standard across the board (maximum acceptable flooding 
risk/consequence) is consistent with the approach to many other service attributes where 
minimum standards are mandated.  

The third area where schemes are necessary and should form part of our AMP5 base 
programme, but where we have not explicitly demonstrated that they pass a benefit cost test, 
is investigations.  Investigation schemes are required to generate the information we need to 
optimise our future activities and investment programmes.  They form a small proportion of 
our costs and have clear benefits in terms of reducing the potential future costs of delivering 
environmental improvements.  We present the investigation schemes under each programme 
driver heading below.

The remainder of this Section is structured as follows:

§ Section 1.1 provides an overview of the process we have undertaken in identifying 
schemes’ costs and their benefits.

§ Sections 1.2 through to 1.4 provide detailed descriptions of the CBA for water and 
sewerage quality programmes and level of service programmes;

§ Section 1.5 provides a description of our approach to CBA in capital maintenance and in 
our schemes to address our carbon reduction commitments.

§ Section 0 concludes.

C.8.1.1 Methodology and Process

Our CBA work has required a lot of time and attention and utilised many different consultants, 
on both cross-cutting CBA issues (e.g willingness to pay, discounting) and programme 
specific CBA issues (e.g. identification of the scheme impacts in a form suitable for monetary 
valuation).  We have endeavoured to allocate effort to make the CBA as robust as possible, 
focussing most attention on the factors which will make most difference.  

The consultants included:

Eftec - development of WtP research, application of CBA
Accent - customer research
NERA - application of CBA
Tynemarch - application of CBA in sewerage infrastructure deterioration modelling

We have as before paid a lot of attention to the step of identification of the least cost solution 
for each required output, as well as the step of identification of customer and other benefits.

C.8.1.1.1 Identifying Benefits

We have considered several possible types of benefit, and several possible sources of 
monetary values for each type.  We have found the most important single source to be our 
own primary research with our own customers.  We have conducted extensive customer 
research involving over 1500 domestic customers and 300 business customers.  The process 
we followed is described in detail in Part C.1, and the full reports are included in the 
appendices for C1.  As well as deliberative research with stakeholders and customers, we 
utilised willingness to pay surveys to establish monetary values for the benefits.  Our survey 
sought customer benefit valuations, for households and for businesses, in relation to 11 
attributes grouped into three areas: sewerage service, water service, and environmental 
services.  For each attribute we offered survey respondents three levels of service:
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• Current service level – status quo;

• An improvement of approximately 10% – level +1; and

• An improvement of approximately 20%– level +2.

We estimated the monetary values customers place on improvements to each individual 
attribute for different service levels using a technique called choice modelling.  In addition, as 
a cross check, we used contingent valuation techniques to estimate the value customers 
place on a package of improvements in service levels.  In this case, we presented a choice 
between two alternatives:

• To pay a specified cost for a package of the highest level of improvements (level 
+2); and

• To stay at the current level of service, with no bill increase.

Eftec, our benefit valuation consultants, undertook the survey work with peer review by 
academic experts in non-market valuation, notably Professor Ian Bateman (University of East 
Anglia) and Professor Riccardo Scarpa (University of Waikato, New Zealand), and with field 
work undertaken by the specialist willingness to pay survey consultancy Accent.  Eftec 
undertake a series of tests of validity of the individual responses – for protest responses and 
the like - and the validity of the results of the analysis. The latter includes applying the cross 
check of the customers’ individual attribute valuations, derived from the choice modelling,
using the overall contingent valuation figure (CV), as derived from the question about the 
package of measures.  In doing this check they recognise the difficulty that no such 
comparison can be fully exact. Eftec conclude that the individual attribute valuation estimates 
from choice modelling constitute a robust estimate of consumers’ WtP for the service 
improvements presented, and therefore we have used these estimates within our CBA 
framework.

Ofwat queried the check of the choice modelling values with the CV result, as presented by 
us in the Draft Business Plan.  For CBA work we need individual attribute valuations and our 
questionnaire was focussed on obtaining them by choice modelling.  Eftec considered that the 
individual valuations obtained are sufficiently reliable for CBA work.  They drew additional 
comfort from the check against the CV figure, which showed that the confidence interval 
around a CV figure for consumers’ mean wtp for the package overlaps with the confidence 
interval around the sum of the individual attribute WtP valuations.  

Responding to the Ofwat query Eftec reiterate that the choice modelling results are not called 
into question by the fact that they are a degree higher than the CV mean value of the package 
Eftec present.  The confidence intervals overlap.  The difference between the means is a 
common result, and here it is highly likely for a technical reason:  the package CV valuation 
figure Eftec present is a non-parametric “Turnbull” estimate, which is inherently a lower-bound 
estimate of the mean value.

Ofwat queried two further technical aspects of the willingness to pay benefit derivations, 
where again Eftec reject any need to change.  They have reassured us as to the soundness 
of their treatment of “protest” responses.  Studies show that these are best treated as if they 
have the same distribution of genuine underlying value for service improvements as other 
respondents. Similarly they have reassured us that the grouping of attributes into blocks for 
presentation to respondents – necessary to prevent cognitive overload – should not lead to 
any bias in results. They comment that this structure avoids a different possible bias, where, 
if presented with a very long list of attributes, respondents focus on the money attribute alone 
and give answers which understate how they really value the service improvements.  Eftec’s 
comments on the Ofwat queries are set in full as Appendix C.8.1 at the end of this section.

In the remainder of this Section we briefly summarise our customers’ WtP estimates for each 
service attribute in relation to an improvement from the current service level to level +1, i.e. an 
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approximate 10% improvement in current service levels.  Our plan does not include any 
schemes which propose improvements beyond this level. 

Table C.8.1 sets out our domestic customers’ willingness to pay (WtP) per unit of attribute per 
household, as well as the change in service range which was presented to them.  

Table C8.1 - Domestic Customers’ WTP: Current Service Level to Level + 1

Attribute WTP

(£ / hh / year)

For a unit 
improvement

Units Service Level 
Change:  range 
presented

Internal sewer flooding 0.15 Affected properties 188 – 150

External sewer flooding 1.12 Per 100 incidents 32 – 26

Odour nuisance 1.12 Per 100 complaints 52 – 47

Interruptions to supply 1.04 Per 100 properties 16 – 13.5

Water Restrictions 1.00 Hosepipe bans in 20 years 8 – 5

Poor pressure 0.19 Per 10 properties 49 – 42

Tap water quality 1.56 Per 100 complaints 36.4 – 33

Pollution incidents - Per pollution incidents 90 – 72

River water quality 1.17 Percentage points of river 
length below EA standard.

16 – 13

Bathing water quality 0.44 Percentage points of 
bathing waters meeting EU 
standard

79 – 90 

Green House Gas 0.45 Equivalent HH energy use 500-480

Table C.8.2 sets out similar analysis for business customers.  In this case, the WtP is 
expressed as a percentage of the customer bill.

Table C8.2 - Business Customers’ WTP: Current Service Level to L+1

Attribute WTP

(% of annual 
bill)

for a unit 
improvement

Units Service Level 
Change:  range 
presented

Internal sewer flooding 0.07 Affected properties 188 – 150

External sewer flooding 0.73 Per 100 incidents 32 – 26

Odour nuisance 0.28 Per 100 complaints 52 – 47

Interruptions to supply 0.72 Per 100 properties 16 – 13.5

Water Restrictions 0.37 Hosepipe bans in 20 years 8 – 5

Poor pressure - Per 10 properties 49 – 42

Tap water quality - Per 100 complaints 36.4 – 33

Pollution incidents - Per pollution incidents 90 – 72

River water quality - Percentage points of river 
length below EA standard

16 – 13
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Attribute WTP

(% of annual 
bill)

for a unit 
improvement

Units Service Level 
Change:  range 
presented

Bathing water quality - Percentage points of  
bathing waters meeting EU 
standard

79 – 90 

Green House Gas 0.13 Equivalent HH energy use 500-480

Table C.8.3 below shows how we use our customers’ willingness to pay benefit values for 
these attributes in undertaking CBA for the different areas of our investment programme

Table C8.3 - Mapping Service Attribute Benefit Values to Investment Areas

Attribute valued Investment Areas

Internal sewer flooding Wastewater levels of service and capital maintenance 

External sewer flooding Wastewater levels of service and capital maintenance

Odour nuisance Wastewater enhanced levels of service

Interruptions to supply Water capital maintenance 

Hosepipe bans Water growth

Poor pressure Water capital maintenance

Tap water quality Water quality enhancements

Pollution incidents Wastewater capital maintenance and environmental 
improvement

River water quality Wastewater capital maintenance and environmental 
improvement

Bathing water quality Wastewater capital maintenance and environmental 
improvement

We use benefits estimates based on our own customer research where these are relevant.  
We draw on benefit estimates from other studies (known as “benefits transfer”) in the cases 
where we do not have relevant evidence from our own survey, e.g. WtP for measures to 
improve water service resilience and lower the risk of severe water service disruptions (which 
we did not value). 
In addition to benefits arising because of changes in the water or wastewater service 
delivered, within our CBA framework we take account of financial opex and capex costs, and 
of significant benefits or costs arising from wider impacts of changes in our activities, i.e. of 
social and environmental costs, where we can estimate these practically.  For example, with 
regard to schemes to reduce carbon emissions we draw on the DETR estimate of the social 
cost of carbon. We discuss these further estimates below, in the sections where they are 
used.

C.8.1.1.2 Identification of Costs  

With regard to costs, we first identify the least cost solution to delivering a specific output, i.e. 
the technically efficient solution.  An example of how this is achieved for wastewater quality 
schemes is described below, and a similarly rigorous approach is taken for all other 
investment categories.  
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The process selections for the wastewater quality enhancement schemes are determined by 
application of three main criteria. 

• SW’s Technical Specifications for wastewater treatment PSWWT 4001 which 
define acceptable process solutions as defined by various Plant sizes and effluent 
consent scenarios. This is supported by a series of Standard design guides which 
are the agglomeration of other sections of the Technical Specification Manual 
resulting in specific designs for the appropriate stages of treatment that are 
repeated on a number of sites. These designs do not only look at design but 
incorporate operation and maintenance issues to ensure safe economic operation 
and maintenance of the plant. This is further supported by SWs Standard Assets 
List which defines specific types of plant or materials to again standardise on 
approach to plant/material selection that drives towards least cost solution

.
• The solution that makes best use of existing assets wherever practical.

• The lowest whole life cost (WLC) solution which provides a robust process, within 
the site constraints, and that it is able to meet process guarantees.

The process selection is determined principally by the new consent parameters. For schemes 
at existing treatment sites, three options shall be considered to meet new effluent consents:

• Provide additional capacity of existing treatment processes (‘like for like expansion’)

• Provide additional capacity using either a parallel stream using a different process 
or tertiary treatment of effluent from the existing process.

• Replace existing treatment processes with new processes capable of meeting 
effluent consents.

Several WLC models have been created for comparing process solutions that meet the 
Process Selection Matrix within the SWS Technical Specification.

The sites were selected to represent a group of schemes where quality drivers have imposed 
similar new consent parameters. The Design Output for the ‘preferred’ solution was then 
compared with the Design Output of an alternative process solution. Capex and opex was 
calculated for each solution to develop a WLC for each scenario. Capex was determined 
utilising the company’s historical cost data wherever available and opex calculated from 
analysis of past operational practices.  In these scenarios the selected solution was always 
the lowest WLC solution.

In addition to the robust process above, each scheme was challenged at technical and cost 
stage by a SW expert panel with technical and operational staff input and this was 
instrumental in ensuring that least cost solutions were adopted. 

Once the least cost solution is identified we then assess whether the least cost solution is 
justified in cost benefit terms, i.e. we check our plan for overall efficiency.  The cost of each 
scheme/programme comprises the following elements:

• Capital cost of delivery of the intervention: estimate of construction and associated 
costs;

• Opex costs: additional costs associated with the ongoing operation of the new 
asset;

• Social and environmental costs: e.g. any costs associated with transport during 
construction, effects on transport (road closures), etc., where likely to be significant 
enough to make a difference; and
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• Carbon costs:  embedded (associated with construction) and operational (e.g. 
power).

C.8.1.1.3 Discounting

In discounting costs and benefits, first we convert the initial and replacement capital and 
operating costs of the scheme into an equivalent annualised value (EAV) using the weighted 
average cost of capital (WACC) as the discount rate, to represent the impact of such costs on 
customers’ bills.  We then discount the annualised costs and all benefits at the social time 
preference rate (STPR) of 3.5% (years 0-30) and 3.0% (years 31-40) based on the Treasury’s 
Green Book, though using the lower Green Book values for environmental benefits where 
appropriate.  The period over which we discount costs and benefits is generally 40 years.  

This approach is consistent with Ofwat’s guidance.
1

C.8.1.2 Water Quality and Enhancements: CBA

C.8.1.2.1 Water Quality and resilience schemes

 

   
.  In 

the event of plant closure, we would need to provide potable water by emergency means 

(bowsers, etc) whilst a permanent solution is sought.  The best solution is to install a GAC 
plant in AMP5 to address the problem and minimise the risk to supply.  Greater details on this 
scheme can be found in Section B4.

The need for this scheme and the proposed solution are supported by the DWI.

 
 

.  The optimisation therefore is around the timing of the 
intervention.  For example, we could adopt a “fix on fail” approach but given the costs this 
would imply to our customers in terms of supply interruption this is unlikely to be optimal.  

To make the optimisation problem tractable, we calculated the benefits and costs of 
undertaking the scheme in AMP5 compared to delaying the investment until AMP6.  This 
analysis tells us if we should wait before undertaking this scheme until (at least) AMP6.  

The cost of undertaking the scheme in AMP5 instead of delaying till AMP6, is equal to 
approximately five years’ payments of the annuitised cost of the scheme.  The benefit to 
undertaking the scheme in AMP5 is the reduction in the probability that the asset fails during 
AMP5, i.e. a reduction in the expected cost of asset failure.  

We have WtP figures for avoiding short water supply interruptions, and hosepipe bans.  
These are not representative of the severity of the total loss of supply for a sustained period, 
so we have utilised the WtP value for one fewer days of expected severe restrictions (drought 
orders and rota cuts) as determined in the Thames Water Thames Gateway Water Treatment 
Plant survey using the Stated Preference approach. This research produces a value of £53.3 
hh/yr. per expected day of severe restriction avoided.  The number of households affected is 
2300 households, and we conservatively assume a disruption of 60 days whilst the necessary 
process plant is procured and installed.  We note that a longer length of disruption is quite 
plausible.

  
1

See Ofwat (19 December 2007) Further Ofwat Guidance on the Use of Cost Benefit Analysis 

for PR09, Section 3.3.2. 
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We do not know the precise probability of failure of the asset during AMP5.  Instead, we 
calculate the probability of asset failure in AMP5 such that it is just cost beneficial to 
undertake the scheme now rather than wait to AMP6 (i.e. such that the AMP5 scheme 
benefits equal the advancement costs).  This shows that, given our qualitative assessment of 
the asset condition, the scheme is worthwhile because the asset is more likely to fail than this 
threshold probability.  

Table C.8.4 sets out the high-level results.  We calculate that if the probability of failure of the 
asset is more than 6% p.a. then undertaking the scheme in AMP5 is cost-beneficial.  Based 
upon actual historic evidence, the source has breached contamination levels once in the last 
10 years (equivalent to a 10% probability). We conclude the scheme is cost beneficial. Full 
details on the scheme can be found in B.4.3.2

Table C8.4 -  Cost Benefit Analysis

Capex
(£m)

Cost of undertaking 
Investment in AMP5 

relative to AMP6 (c. 5 
years of annuity, £m)

Wtp to avoid service 
disruption of 60 days 

(£m per year)

Required probability of asset 
failure such that wtp to avoid 
service disruption = cost of 

undertaking scheme in AMP5

1.9
(= approx 5 years of 

depreciation + financing 
charges)

7.6  
(=53.33 £/hh/yr*2300

hh*60 days)

6% p.a.

Source: NERA analysis.  

This scheme involves improving the resilience of water supply.   
 
 

.  The proposed solution is the installation of replacement secure mains.

The need for this scheme and the proposed solution are supported by the DWI.

The annual benefits are calculated as the reduction in the annual probability of failure 
multiplied by our estimate of customers’ WTP for one fewer expected day of severe restriction 
of £53.3 hh/yr, multiplied by the households affected.  We very conservatively assume that 
disruptions will last 15 days, which should be recognised as a best case scenario. There is a 
strong possibility that such disruptions could last in excess of one month.  

We solve for the annual probability of failure which equates the present value of costs and 
benefits. For this threshold probability is 1% p.a. Although  has not 
experienced a 1 in 100 year flood event, EA flood maps for the 1 in 100 event show that 
conditions that will lead to the failure of the mains will be experienced. We conclude the 
scheme is cost beneficial.  Greater details on this scheme can be found in Section B4.6.3.

  
2

Potable water is fed into the distribution zone via four mains within a culvert, which cross two 
rivers and the flood plain.  Failure of any single main is likely to lead to the failure of the other mains and 
the total loss of supply.  
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Table C8.5 -  Cost Benefit Analysis
Capex 
(£m)

PV costs 
(£m)

Wtp to avoid service 
disruption of 15 days  
(£m per year)

Annual probability of 
failure such that PV 
benefits = PV costs

13.5 84.00
(=£53/hh/yr*105,000hh*15)

1%

Source: NERA analysis 

Woolmans Wood (BGAUK0093A) 

This scheme relates to the replacement of mains to reduce the number of customer 
complaints relating to discoloured water.  Based upon the current level of complaints, we 
estimate that the improvements will reduce the number of customer complaints by 80 p.a. 

Our estimate of the annual benefits is equal to the reduction in complaints multiplied by 
Southern customers’ WtP for a reduction of one complaint of £15,302 p.a.  The scheme has a 
capex of and an annual opex of .

The tables below summarises the costs and benefit values for Woolmans Wood.  This shows 

that the scheme has a benefit: cost ratio of 0.95, i.e. it is marginally not cost beneficial.  

Table C8.6 - Woolmans Wood: Cost Benefit Analysis
Capex (£m) PV costs

(£m)
Wtp for one 
fewer
complaints
(£m/p.a)

EAV 
benefits 
(£m)

NPV 
benefits 
(£m)

NPV/ 
Benefit:Cost 
ratio

0.015
1

1.22
2

20.18

Notes: (1)  This is calculated as: £5.3 hh/yr (for service improvement fro SQ to L+1) divided by 340 
(L+1-SQ)*981,657 (total households) = 15,302 £ per complaint p.a. (2) = 15,302* 80 (reduction in 
complaints). 

Failure to deliver this project will mean 18,000 properties will continue to be at risk to suffering 
discoloured water, which on occasions can be particularly severe. Customers typically 
overcome the problem by running their taps for very long periods; this obviously results in 
significant levels of wastage which is counter to our water efficiency aims. Due to the severe 
nature of some of the incidents it is inevitable that the sediment causing dirty water will settle 
out in customers’ hot water tanks, boilers and central heating systems, leading to their 
premature failure. Further details on this scheme can be found in B6.3.4.

These issues have not been included as benefits due to the difficulty of applying a monetary 
value without significant additional research. Adding such benefit values would undoubtedly 
produce a CBR far in excess of 1.

BGAUK0178A Mains Cleaning

This scheme involves the cleaning of mains in Sussex to reduce the number of customer 
complaints relating to discoloured water.  The current level of complaints is around 330 p.a.  
We anticipate that the scheme will address the majority of the discolouration events and 
therefore we assume that the scheme will reduce the level of complaints by 75%, i.e. by 
around 250 p.a.  

The estimate of annual benefits is equal to the reduction in complaints multiplied by our
customers’ WtP for a reduction of one complaint of £15,302 p.a.  The scheme has a capex of 

.  We calculate the present value of the costs and benefits over a 40-year period. 
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The Table below summarises the cost and benefit values for this scheme. It shows that the 
scheme has a benefit: cost ratio of 19.3, i.e. it is very cost beneficial. Full details of this 
programme of works can be found in B4.
 

Table C8.7 - Mains Cleaning: Cost Benefit Analysis
Capex (£m) PV costs 

(£m)
Wtp for one 
fewer 
complaints 
(£m/p.a)

EAV 
benefits 
(£m)

NPV 
benefits 
(£m)

Benefit:Cost 
ratio

0.015
1

3.82
2

81.9

Notes: (1) This is calculated as: £5.30 hh/yr (for service improvement from SQ to L+1) divided 
by 340 (L+1-SQ)*981,657 (total households) = £15,302 per complaint p.a.  (2) = 15,302*250 
(reduction in complaints)

AGAW0056A 
This scheme involves providing site security at 32 water treatment installations.  The security 
measures will prevent breaches of site security that lead to either vandalism or acts of 
terrorism.  The greatest concern for these sites is an act of major vandalism/ terrorism and the 
loss of supply for several weeks.  

The annual benefits are calculated as follows: the reduction in the annual probability of an 
incident (leading to service interruption) multiplied by our estimate of customers’ WtP for one 
fewer expected days of severe restriction of £53.3 hh/yr, multiplied by the number of 

households affected.
3

 
.  We also assume that the period of disruption following a major event will last 60 days.  

Finally, we calculate the benefit: cost ratio assuming that major acts of vandalism/terrorism 
events at these sites is a 1-in-200 year event.  (We have no empirical data to support this 
assumption but believe it to be reasonable.)

The scheme has a capex value of . We calculate the present value of the costs and 
benefits over a 40-year period. 

The table below summarises the cost and benefit values for this scheme.  It shows that the 
scheme has a benefit:cost ratio of 14.6, i.e. it is very cost beneficial. Full details of this 
scheme can be found in B4.2.

Table C8.8 - Security of Water Assets: Cost Benefit Analysis
Capex 
(£m)

PV costs 
(£m)

WtP for 
one fewer
event
(£m/p.a)

Annual 
probability of 
an event at a 
given site

EAV 
benefits 
(£m)

PV benefits 
(£m)

Benefit:Cost 
ratio

1,008
1

0.5% 5.0 108

Source: NERA Analysis.  Notes: (1) Calculation: £53.33 hh/p.a.*60 days*315,000 households

  
3

If we were to use Southern customers’ wtp for supply interruptions of 12 hours, and extrapolate 
this to the longer disruption, this would lead to much higher benefit estimates. However, we consider 
that Southern’s wtp estimate is less applicable than Thames Water’s wtp for severe long term
restrictions. 
4

This is calculated as:  the proportion of total treatment works which are being secured 
(32/99=0.32) multiplied by Southern’s number of water customers (980,000). 
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Borehole Protection Works –

This scheme increases the security protection at this site to comply with the DEFRA guidance 
note. The greatest threat to these sites is an act of major vandalism or terrorism and the 
consequential loss of supply, the proposed security improvements will minimise the risk of 
such an event. It is estimated that the loss of the source will affect 11,000 properties.

Capex 
(£m)

PV costs 
(£m)

WtP for 
one fewer
event
(£m/p.a)

Annual 
probability of 
an event at a 
given site

EAV 
benefits 
(£m)

PV benefits 
(£m)

Benefit:Cost 
ratio

35.2
1

0.5% 0.17 4

Notes: (1) Calculation: £53.33 hh/p.a.*60 days*11,000 households

Borehole Protection Works –

 
. This scheme increases the security protection at this site 

to comply with the DEFRA guidance note. The greatest threat to these sites is an act of major 
vandalism or terrorism and the consequential loss of supply the proposed security 
improvements will minimise the risk of such events.  

.  

Capex 
(£m)

PV costs 
(£m)

WtP for 
one fewer
event
(£m/p.a)

Annual 
probability of 
an event at a 
given site

EAV 
benefits 
(£m)

PV benefits 
(£m)

Benefit:Cost 
ratio

160.0
1

0.5% 0.80 18 41.9

Notes: (1) Calculation: £53.33 hh/p.a.*60 days*50,000 households

 – SEMD (AGAW0029)

 
 
 

Capex 
(£m)

PV costs 
(£m)

WtP for 
one fewer
event
(£m/p.a)

Annual 
probability of 
an event at a 
given site

EAV 
benefits 
(£m)

PV benefits 
(£m)

Benefit:Cost 
ratio

160.0
1

0.5% 0.80 18

Notes: (1) Calculation: £53.33 hh/p.a.*60 days*50,000 households

Borehole Protection Works – )

 The land 
surrounding the site is open to the public and therefore there is a continued risk of intrusion. 
This scheme increases the security protection at this site to comply with the DEFRA guidance 
note. The greatest threat to these sites is an act of major vandalism or terrorism and the 
consequential loss of supply, the proposed security improvements will minimise the risk of 



Southern Water
Final Business Plan 2009
C.8 Cost benefit analysis and carbon accounting

- 18 -

such events.  

Capex 
(£m)

PV costs 
(£m)

WtP for 
one fewer
event
(£m/p.a)

Annual 
probability of 
an event at a 
given site

EAV 
benefits 
(£m)

PV benefits 
(£m)

Benefit:Cost 
ratio

448.0
1

0.5% 2.24 49

Notes: (1) Calculation: £53.33 hh/p.a.*60 days*140,000 households

 – SEMD (AGAW0050)

This scheme increases the security protection at this site to comply with the DEFRA guidance 
note.  

 the proposed security improvements will minimise the risk of 
such events.  

  

Capex 
(£m)

PV costs 
(£m)

WtP for 
one fewer
event
(£m/p.a)

Annual 
probability of 
an event at a 
given site

EAV 
benefits 
(£m)

PV benefits 
(£m)

Benefit:Cost 
ratio

89.6
1

0.5% 0.45 10

Notes: (1) Calculation: £53.33 hh/p.a.*60 days*28,000 households

Borehole Headworks Protection – SEMD (AGAW0023A)

The Company has considered the advice note ref AN/12 ed1 dated May 2007 and has 
assigned sites to the appropriate risk category from which the appropriate security 
enhancements have been identified. This scheme will upgrade the security at the site for all 
priority sites.  

Capex 
(£m)

PV costs 
(£m)

WtP for 
one fewer
event
(£m/p.a)

Annual 
probability of 
an event at a 
given site

EAV 
benefits 
(£m)

PV benefits 
(£m)

Benefit:Cost 
ratio

640.0
1

0.5% 3.2 70

Notes: (1) Calculation: £53.33 hh/p.a.*60 days*200,000 households

C.8.1.2.2 Other Water Quality Schemes

In addition to the above schemes there are a number of investigations that fall into the water 
quality expenditure category; these schemes are identified in the following table. Greater 
details on these schemes can be found in Section B4.5.

Table C8.9 – Investigations under water quality expenditure

Scheme No Scheme Capex

AGAW0183 Lewes Winterbourne Study

AGAW0177 Little Stour Sustainability Study
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Scheme No Scheme Capex

AGAW0171 NEP Study – River Test

AGAW0184 River Itchen NEP Scheme

AGAW0178 Wingham River Sustainability Study

The application of cost benefit analysis has not been undertaken on these schemes as the 
investigations will not deliver any direct customer or environmental benefit. The investigations 
will determine the need and extent of future capital interventions that will lead to the delivery 
of environmental improvements possibly in AMP6. It is believed that the AMP5 investigation 
expenditure will provide significant future capital savings by ensuring appropriate solutions 
are delivered.  

There is one further scheme within the water quality programme, PPC Compliance with EPR
(AGAW0185) with an associated capital cost of . This scheme relates to the need to 
apply for the appropriate licence under future legislation and is likely to lead to site 
improvements to ensure compliance with the licence conditions.  CBA has not been applied to 
this scheme as again no direct customer or environmental benefits are available.

C.8.1.2.3 Water Metering

In this business plan as in the draft we are proposing universal metering in AMP5 as one of 
the measures necessary to meet future demands and restrictions on abstraction. This is a 
major undertaking and extensive work has been undertaken to determine its viability and its 
cost effectiveness relative to other measures, with substantial input from the EA through the 
Water Resources Planning process.  In addition, a stream of work has reviewed the metering 
programme on cost benefit terms.  In short, that work shows that the metering programme is 
both cost-effective and cost-beneficial.  The associated detailed report is appended to C4
(Appendix C.4(A).6).  

In summary, drawing on our estimates regarding the expected improvement in the number of 
days restrictions from the adoption of universal metering relative to the current change of 
occupier metering scenario and utilising the preferred estimate of customers’ WtP for an 
expected reduction in one day of restrictions, the estimated present value of universal 
metering is £930,000m. This is significantly higher than the incremental cost of universal 
metering relative to metering on change of occupier of  and demonstrates that the 
universal metering programme is justified on cost-benefit grounds. If using the lower bound 
WtP value the present value of the benefits still exceed the present value costs. Universal 
metering remains. 

Figuratively, the optimum level of resource capacity for the Company as a whole occurs at q*, 
where the marginal scheme cost is p*. This is the point where the total benefit to customers 
from security of supply interventions minus the total cost of the resources is maximised.  Our 
cost-benefit analysis demonstrates that universal metering has a positive net present value as 
represented by the customer WtP for an incremental improvement in security of supply 
(wtpm) minus the scheme costs (pm). This implies that universal metering forms part of 
Southern Water’s optimal resource plan, i.e. the scheme is to the left of q*.
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In conclusion, based on conservative assumptions and omitting a number of relative benefits, 
universal metering is considered the least cost plan to meet the Water Resources 
Management Plan’s defined security standard. Further the cost benefit analysis shows that 
the company-wide policy of universal metering forms part of our optimal plan to provide 
security of supply at the Company level.

C.8.1.3 Wastewater Quality: CBA

Our wastewater quality programme is required to meet statutory objectives and is all 
supported by the EA. The programme captures the content of the EA’s National Environment 
Programme (NEP).

We have used the percentage of river improved to EA standards as the basis for our benefit 
estimates in this area.  Our customers expressed a willingness to pay value for this of £1.17 
hh/p.a. or around £1.15 million p.a. across Southern’s customer base per percentage point 
improvement in the length of river meeting standards.  This WtP estimate relates to general 
improvements in river quality, and is therefore only directly applicable to around half of our 
122 wastewater quality schemes that address river quality issues.
 
Most of the remaining schemes in our programme will deliver improvements to groundwater,
non-riverine designated water bodies, e.g. marine estuarial shellfish. For these schemes, we 
do not have our own benefit estimates which correspond to the schemes’ improvements, and 
despite extensive research, we have not found valid benefit estimates published elsewhere 

(or “transferable benefits”).
5

 Therefore we have also used the improvement in river quality as 

  
5

We have searched extensively for benefit estimates undertaken elsewhere to use in our CBA.  
Defra has published an estimate of the benefit relating to different degrees of improvement in 
watercourse quality in the context of the collaborative research programme (CRP), see The Benefits of 
Water Framework Directive: Programmes of Measures in England and Wales: A Final Report to Defra re 
CRP Project 4b/c.  However, this estimate applies to watercourses in general, and the benefit values 
represent national averages rather than a value specific to Southern customers.  Furthermore the total 
benefit value consists of the sum of a value for local improvements (within 30 miles of the household) 
and a value for national improvements, therefore the consequent geographical range of the 
improvements to which the benefit value applies does not closely overlap with the SWS sewerage area.  
For these reasons an accurate translation of the CRP benefit values to the improvements accruing from 
Southern’s wastewater quality schemes is far from straightforward.  We therefore do not consider that 
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the benefit value for schemes delivering improvements other than to river quality, although we 
acknowledge it is a poor proxy for a number of schemes. Ideally site specific studies would 
be made, but this would be both time consuming and expensive.  As the valuation field 
improves we will be happy to apply the estimates emerging.  We would also be happy to 
promote further valuation studies if Ofwat were to agree that they are a priority for funding.

Another area of uncertainty is the detailed environmental impact of each scheme, which the 
EA has not provided us.  In the absence of the schemes’ impacts, we have calculated the 
number of schemes that are cost beneficial under different plausible assumptions in relation 
to the river length improved, which as set out above we use as a proxy measure for all 
schemes.  For example, our analysis shows that under an assumption that each scheme 
improves up to (an equivalent of) 20km of river, using our customers’ willingness to pay figure 
as our benefit parameter suggests that around 90% of the statutory wastewater quality 
schemes are justified on cost-benefit grounds, representing around 50% of the capital 
investment value. 

Table C.8.10 - Proportion of Schemes with Benefit: Cost Ratio > 1 under Different 
Assumptions of Length of River Improved

River Length Improved by Scheme to EA status 
(kms). Up to:Number of schemes:

2 6 10 20

No of schemes Where B:C>1 32 80 96 111

% of schemes (out of 121) 26% 66% 79% 92%

Capital value

Capital investment value for schemes 
where : B:C>1 (£ million) 20 103 161 249

% of schemes by value (out of £495m) 4% 20% 32% 50%

As indicated in the Table above, there are eleven large schemes (out of 122) which do not 
pass a cost benefit test when we define the benefit as an improvement of up to 20km in river 
length (or an equivalent impact).  In the following sections, we describe the expected 
qualitative impact of each of these 11 schemes, and set out why our proxy WtP estimate 
might significantly understate the prospective benefits given the current environmental 
harm/expected improvement.  As a general point, we note that the suggested improvement in 

the river quality that respondents were asked to value was relatively limited.
6

For many 
schemes the scale of improvement will be greater than the limited improvement to which the 
WtP estimate corresponds, and therefore we will be understating the benefits.  Of course, for 
many of these large schemes the length of river improved is not a good representation of the 
outputs of the scheme and accordingly the WtP figure is a poor proxy measure of the benefit.  
Detailed and site specific studies would be required to provide a better monetary benefit 
estimate.

We have included in the Final Business Plan a large programme of wastewater quality 
enhancements which reflects the Environment Agency (EA)’s National Environment 
Programme.  The investment required represents around 30% of the total proposed capital 

     
the CRP value has any advantage over our own benefit estimate, which we have preferred for use in our 
CBA rather than use an imperfect benefit transfer measure.  
6

The environmental good that respondents valued was described as follows:  “The quality of 
rivers and habitats for wildlife can be affected by treated water discharged from sewage treatment 
works.  By upgrading sewage treatment works, the environmental quality of rivers in the SWS region 
could be improved over the long term, supporting a wider range of wildlife such as plants, birds and 
fish.”  Source: Eftec (April 2008) ‘PR09 Willingness to Pay Customer Survey: A final Report for Southern 
Water’
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investment. It is therefore important that the benefits of such a large programme are fully 
assessed and compared to the costs. 

There are a number of different quality drivers that form part of the overall quality 
enhancement programme as described in detail in Section B4 (B).  The drivers are: 

• Urban Wastewater Treatment Directive

• Habitats and Birds Directive 

• Freshwater Fish Directive

• Bathing Waters Directive (Current and Revised)

• Shellfish Waters Directive

• Groundwater Directive

• Water Framework Directive

• Countryside and Rights of Way (CROW) Act

• Biodiversity Action Plan 

• Compliance with Consent Discharge Flow Limits

We describe the schemes below by the legislative driver. Greater details on these schemes 
can be found in Section B4 (B).

Included within the programme, and described section by section, are investigations under a 
variety of drivers.  CBA has not been applied to these schemes.  However the investigations 
will remove or reduce the risk of poorly targeted investment with the prospect of saving many 
times their costs.

In the tables below we generally present both the “NPC” which is the net present cost, 
comprising all capex and opex discounted at the WACC of 5.5% real, and the “PV cost”.  The 
latter applies the STPR discount rate to a 40 year series of the equivalent annual cost (EAC) 
of all capex and opex, where the EAC has been formed assuming a discount rate of 5.5% 
real.  It is the PV cost which enters our benefit cost test, along with the “NPB” or net present 
benefit, which is the stream of benefits discounted at the Green Book STPR rate.  For the 
CBA test itself we generally present the “BCR”, or benefit cost ratio.  If this is greater than 
one, the scheme is cost-beneficial.

Urban Wastewater Treatment Directive (UWWTD)

The AMP5 UWWTD schemes involve phosphorous stripping (U3 code) or nitrogen stripping 
(code U5) to enable effluents to meet the sensitive waters classification requirements.  These 
schemes are not discretionary and reflect Defra’s range of new designated areas.

Site Driver

Programme 
Code

Capex

(£000)

PV 
cost

(£000)

NPB BCR

Bishops Waltham WTW UWWD.U3/U.5 21404

Canterbury WTW UWWD.U3 21404

Dambridge Wingham WTW UWWD.U3 21404

Eden Vale WTW UWWD.U3 21404

Herne Bay May Street WTW UWWD.U3 21404

Lingfield WTW UWWD.U3 21404
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Site Driver

Programme 
Code

Capex

(£000)

PV 
cost

(£000)

NPB BCR

Oxted WTW UWWD.U3 21404

Paddock Wood WTW UWWD.U3 21404

Petersfield WTW UWWD.U3 21404

Redgate Mill WTW UWWD.U3 21404

South Ambersham WTW UWWD.U3 21404

Tonbridge WTW UWWD.U3 21404

Tunbridge Wells North WTW UWWD.U3 21404

Tunbridge Wells South 
WTW

UWWD.U3 21404

Vines Cross WTW UWWD.U3 21404

Millbrook WTW UWWD.U5 21404

Total 342464

As the table shows, under our benefit assumptions the schemes all pass a benefit cost test, 
except for the scheme at Oxted and Millbrook WTW. As the BCR of Oxted is so close to 1 we 
are considering this particular scheme cost beneficial Millbrook has been identified by the EA
as requiring N removal as part of 2005 UWWTD Sensitive Area review. The works exceeds 
100,000 pe so 10mg/l is required under UWWTD. The works is incapable of meeting these 
standards with further investment in additional treatment capacity. 

Habitats and Birds Directive

The EA has completed its Review of Consents for high and medium priority protected sites and 
concluded that the sites identified below require tighter discharge consent standards.  These 
are not discretionary.

The included schemes require nitrogen removal (H2 code), sanitary standards improvements 
(H5 code), other substances such as copper (H6 code) and flow transfer (H7 code) . 

Site Driver

Programme 
Code

Capex

(£000)

PV cost

(£000)

NPB BCR

Bosham WTW HABT.H2 21404

Bursledon WTW HABT.H2 21404

Chichester WTW HABT.H2 21404

Pennington WTW HABT.H2/H6 21404

Slowhill Copse WTW HABT.H2 21404

Thornham WTW HABT.H2 0 21404

Woolston WTW HABT.H2 21404

Lyndhurst WTW HABT.H5 21404

Fairlee (Landfill) HABT.H7 21404

Total 192636
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As the table shows, the schemes all pass our benefit cost test except those at Bursledon, 
Slowhill Copse and Woolston WTW’s.  As the BCR for Bursledon is so close to 1 we are 
considering this particular scheme as cost beneficial. The schemes for Slowhill Copse and 
Woolston fall under Regulations 50 and 3(4) of the Conservation (Natural Habitats & c.) 
Regulations 1994 (commonly referred to as the ‘Habitats Regulations’) the EA are obliged to 
review and consider the impact of all existing consents and authorisations on designated
Habitats sites.  They have been identified by the EA as requiring N removal as part of their 
Habitats Review of Consents and are viewed as new quality obligations. Both plants are 
incapable of meeting the N removal requirements without the addition of further treatment 
capability.  

Motney Hill is not included in the above table although the new environmental standards can 
be met without any investment. As no benefits will be delivered, it is not deemed appropriate 
to apply CBA.

Freshwater Fish Directive

Eight wastewater treatment works have been proposed by the EA for improvement under this 
driver.  This is a statutory driver.  Tightened sanitary standards, particularly for ammonia, have 
been specified. The works are identified in the table below.

Site Driver

Program
me Code

Capex

(£000)

PV cost

(£000)

NPB

(£000)

BCR

Ashford WTW FISH 42810

Hawkhurst North WTW FISH 21404

Horsham New WTW FISH 21404

Iden Green WTW FISH 21404

Lidsey WTW FISH 21404

Luxfords Lane WTW FISH 21404

Sandhurst WTW FISH 21404

Wisborough Green WTW FISH 21404

Total 192636

As the table shows, all the schemes pass our benefit cost test except those at Ashford and 
Horsham WTW.  

The discharge from the Ashford treatment woks forms an unusually high proportion of the 
flows in the River Stour, this, in the summer, leads to a significant deterioration in the river 
water quality, which is not only a major concern to the EA but also local anglers. Failure to 
deliver the proposed improvements will lead to the continued deterioration in river water 
quality which will be further exacerbated by the increasing volume of effluent discharged due 
to the major population growth in the catchment, due to the designation of Ashford as a 
location for major growth.

The discharge from Horsham WTW will be required to meet a 2 mg/l ammonia standard, the 
works is incapable of meeting this standard without investment in additional treatment 
capability.

Bathing Water Quality Investigations  B1 Driver

There are two investigatory schemes under this driver:  Southsea sewer remediation and 
Broadstairs surface water outfall location investigation.  
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Extensive investigations have so far been carried out at Southsea in relation to the risk of 
failure of the mandatory standard of the current Bathing Waters Directive.  The intended 
scheme comprises targeted sewer sealing as identified from previous investigations and will 
be further developed and implemented.  

The investigation at Broadstairs ( will determine the most suitable extension 
location for the surface water outfall, Both schemes are required to achieve legislative 
compliance and are therefore considered to be essential. 

Revised Bathing Water Quality,  rB3 Driver

These investigatory schemes in the main relate to potential pollution of surface water 
discharges, and the investigations are likely to lead to the identification of improvements to 
both the foul and surface water sewerage systems. Any investment is likely to result in 
improvements to bathing water quality, although the extent of such improvements cannot be 
currently defined.

There are 17 investigations in the B3 category having an associated capex of .  These 
involve event duration monitoring that will provide analysis of pollution sources and enable the 
correct identification of future interventions. It is believed that delivery of improvements 
without prior long term investigations would lead to investment that potentially will provide no 
material benefit.

Based upon a typical cost of a CSO discharge improvement scheme of £0.5m, potential total 
capex of £8.5m might accrue for these locations. However, based on an assumption that the 
investigations will identify that 30% of the discharges are likely to require no future investment 
the proposed AMP5 investigatory investment of  could result in an investment saving of 

in the following AMP.

In addition there are a further 3 investigations at Bognor, Hastings and Worthing where 
modelling of the surface water systems is proposed at a total capex of . These 
investigations will identify the most appropriate (effective, low cost) future remedial 
interventions.  We consider they will prevent the potential for over or inappropriate 
engineering of interventions with a potential future reduction in investment of an estimated 
£20m.

Countryside and Rights of Way (CROW) Act  Driver 

This Act is aimed conserving an area’s natural beauty and relates to nature conservation and 
the protection of wildlife. The schemes captured under this legislation are below:

Site Driver

Programme 
Code

Capex

(£000)

PV 
cost

(£000)

NPB

(£000)

BCR

Headcorn WTW SSSI.I1 21405

High Halden WTW SSSI.I1 21404

Staplehurst WTW SSSI.I1 4 21404

West Hoathly WTW SSSI.I1 21404

Bank WTW SSSI.I2 21404

Newtown WTW SSSI.I2 21404

Redlynch WTW SSSI.I2 21404

Total 149835
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The included schemes require new or additional phosphorous removal (I1 code) or enhanced 
sanitary standards (I2 driver). As the table shows, they all pass our benefit cost test.

There are 3 investigations under the I5 code at Coldwaltham, Hailsham North and Hailsham 
South having an associated capex of . By better defining the problem and potential 
solutions these investigations can be expected to prevent ineffective investment of many 
millions of pounds.

Shellfish Waters Directive 

The included investment schemes (SHEL code) are for the provision of UV treatment for three
SWS discharges to the Solent.  The Pennington WTW scheme is shown within the Habitat 
Directive group of schemes.

Site Driver

Programme 
Code

Capex

(£000)

PV cost

(£000)

NPB

(£000)

BCR

Budds Farm WTW SHEL 21405

Peel Common WTW SHEL 21404

Total 42808

As the table shows the schemes pass our benefit cost test.

There are a further 64 sites ) at which event/duration monitors are 
proposed (SHEL1 code).  This investment will facilitate the collection of robust spill data to 
allow appropriate targeting of further investment, if necessary.  Without this data unnecessary 
investment in CSOs may be promoted, which would have a future capital expenditure of many 
millions of pounds. 

Finally, some bacteria modelling investigations ) are included (code SHEL2) in 
this programme.  These schemes model the impact of discharges from 13 WTW to determine 
the need for future UV disinfection.  UV disinfection is a costly and energy intensive process.  
Undertaking the modelling prior to any investment will deliver a sound technical basis for any 
decision to implement further UV installations and minimise unnecessary energy use.

Groundwater Directive

The AMP5 statutory groundwater schemes mainly require enhancements to effluent quality 
which the Agency has determined are necessary following groundwater investigations in 
AMP3 and AMP4.  The intended standards take account of the Groundwater Daughter 
Directive as well as the Groundwater Regulations 1998.  There are two schemes for 
intermittent discharges, at Ottinge wastewater pumping station and Thanet sewers, for which 
investment to reduce spill frequency is proposed.

Site Driver

Programme 
Code

Capex

(£000)

PV 
cost

(£000)

NPB BCR

Droxford WTW GRND.G1 21404

Dunbridge WTW GRND.G1 21404

East Dean WTW GRND.G1 21404

East Grimstead WTW GRND.G1 21404

Hillbrow Meadows WTW GRND.G1 21404
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Site Driver

Programme 
Code

Capex

(£000)

PV 
cost

(£000)

NPB BCR

Ivy Down Lane WTW GRND.G1 21404

Liss Hillbrow WTW GRND.G1 21404

Luddesdown WTW GRND.G1 21404

Ludgershall WTW GRND.G1 21404

Morestead Road WTW GRND.G1 21404

New Arlesford WTW GRND.G1 21404

North Waltham WTW GRND.G1 21404

Offham WTW GRND.G1 21404

Ottinge Pumping Station GRND.G1 21404

Overton WTW GRND.G1 21404

Pyecombe East WTW GRND.G1 21404

Pyecombe West WTW GRND.G1 21404

Shipton Bellinger WTW GRND.G1 21404

Streat WTW GRND.G1 21404

Water Ridges Oakley WTW GRND.G1 21404

West Marden WTW GRND.G1 21404

Whitchurch WTW GRND.G1 21404

Thanet Sewers GW Scheme GRND.G3 21404

Total 492292

As the table shows all schemes pass our benefit cost test except Morestead Road WTW and 
Thanet sewers.  

Morestead Road WTW discharges to groundwater and failure to deliver the scheme will allow 
the continuation of the deterioration of the aquifer.

The delivery of the Thanet sewers is key during the AMP5 period. Contamination of the 
Thanet chalk aquifer is occurring, this contamination is associated with the sewerage system 
in the area. The level of contamination will undoubtedly continue to worsen to an extent that it 
will begin to affect the water sources that rely upon this aquifer. There are 4 sources within 
the aquifer that supply the east Kent area, there are no alternatives to these sources and their 
loss will lead to significant capital investment to either provide additional levels of treatment to 
water sources or provide a supply from an alternative source. Whilst either of these is
possible, at a high cost, the appropriate sustainable solution can only be the prevention of the
continued pollution of groundwater. 

Water Framework Directive

The WFD is an umbrella directive that embraces all other Directives that impact the aquatic 
environment such as the Urban Wastewater Treatment Directive and the Habitats Directive.  
The EA has identified 40 works for the final NEP that are considered to need improvement, 
over and above those identified under other Directives/drivers, in order to meet chemical 
standards in the receiving water, which are anticipated to deliver Good Ecological Status.  Of 
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these, 34 schemes are identified as requiring P removal (WFD.P code), 3 require us to meet a 
tightened ammonia standard, 2 require us to meet tightened ammonia and BOD standards,
and the last requires meeting a tightened BOD standard alone (the code is WFD for the latter 6 
schemes).

Site Driver

Programme 
Code

Capex

(£000)

PV 
cost

(£000)

NPB

(£000)

BCR

Sidlesham WTW WFD 21404

Tangmere WTW WFD 21404

Washwell Lane WTW WFD 21404

Ashington WTW WFD.P 21404

Balcombe WTW WFD.P 21404

Battle WTW WFD.P 21404

Bidborough WTW WFD.P 21404

Charing WTW WFD.P 21404

Chiddingfold WTW WFD.P 21404

Cuckfield WTW WFD.P 21404

Ferry Hill WTW WFD.P 21404

Fittleworth WTW WFD.P 21404

Foxhill Haywards Heath WTW WFD.P 21404

Grayswood WTW WFD.P 21404

Harrietsham WTW WFD.P 21404

Harting South WTW WFD.P 21404

Horsmonden WTW WFD.P 21404

Kilndown WTW WFD.P 21404

Lamberhurst WTW WFD.P 21404

Leeds WTW WFD.P 21404

Lenham WTW WFD.P 21404

Liss WTW WFD.P 21404

Park Road Handcross WTW WFD.P 21404

Petworth WTW WFD.P 21404

Rogate WTW WFD.P 21404

Seddlescombe WTW WFD.P 21404

Sellindge WTW WFD.P 21404

Speldhurst WTW WFD.P 21404

Staplefield WTW WFD.P 21404

Stubbs Lane Brede WTW WFD.P 21404

Tillington WTW WFD.P 21404
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Site Driver

Programme 
Code

Capex

(£000)

PV 
cost

(£000)

NPB

(£000)

BCR

Warnham WTW WFD.P 21404

Westfield WTW WFD.P 21404

Winchelsea Beach WTW WFD.P 21404

Wivelsfield WTW WFD.P 21404

Total 749140

As can be seen from the table, all schemes pass our benefit cost test.

As well, investigations are proposed at 8 WTW to further understand the the fate and 
behaviour of hazardous substances, as defined under the WFD, through the wastewater 
treatment processes. Many of these substances have very stringent proposed 
Environmental Quality Standards.  The potential need for additional treatment to meet these 
EQS is enormous.  These investigations offer the prospect of preventing substantial 
ineffective expenditure which could amount to hundreds of millions of pounds.  

There is an additional scheme, Pulborough WTW, where no investment, capex or opex, is 
required to meet the new discharge standards. Application of CBA is not deemed appropriate 
as no benefits will accrue.

Biodiversity Action Plan

One scheme for works investment, at Chillerton, is included to meet BAP requirements.  This 
requires tightened sanitary standards at the works.  The scheme is cost beneficial. 
.   

Site Driver

Programme 
Code

Capex

(£000)

PV cost

(£000)

NPB

(£000)

BCR

Chillerton BAP 21405

In addition the AMP5 programme includes four investigations in the BAP2 category having an 
associated total capex of . These investigations are needed to define appropriate 
solutions.

Compliance With Discharge Flow Limits

Using accredited flow data (MCERTS) for the wastewater treatment works we have identified 
28 sites that exceed or are close to exceeding their consented dry weather flow (DWF) which 
the EA has included in the NEP for AMP5.  The sites are shown below.

Site Driver

Programme 
Code

Capex

(£000)

PV cost

(£000)

NPB

(£000)

BCR

Brading F>C 21404

Brook Nats Lane F>C 21404

Cranbrook F>C 21404

Dial Post F>C 21404

Evans Close F>C 21404
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Site Driver

Programme 
Code

Capex

(£000)

PV cost

(£000)

NPB

(£000)

BCR

 Felbridge F>C 21404

Fletching F>C 21404

Goddards Green F>C 21404

Halland F>C 21404

Lower Beeding F>C 21404

Lunsford Cross F>C 21404

Lydd F>C 21404

Monks Gate F>C 21404

Ockley West F>C 21404

Pembury F>C 21404

Ripe F>C 21404

Roud F>C 21404

West Wellow F>C 21404

Wittersham F>C 21404

Wye F>C 21404

Total 428080

As the table shows, all schemes pass our benefit cost test except Felbridge and Goddards 
Green where the costs are marginally greater than the benefits value.

It is key, if we are to prevent the continued deterioration of river water quality caused by 
excess discharge flow from Felbridge, that this scheme is addressed in AMP5. We must also 
remain compliant with our volumetric consent. Delivering the solution will reduce the impact 
that this discharge has on the watercourse and ensure that the river water quality will be 
achieve and be able to maintain the required quality status.

In addition there is a scheme at Ham Hill WTW under the F>C driver that is currently under 
construction, although the bulk of the associated capex is within AMP 4 some is identified into 
AMP5. As it is a scheme currently under construction it is not appropriate to apply CBA.  

Schemes with Multiple Drivers

A number of sites have more than one driver requiring investment.  For such sites a single 
scheme line has been provided in the Final Business Plan which covers the investment 
required to meet all the defined outputs.  The affected sites together with drivers requiring 
investment are listed below.  CBA has been applied to the intervention as a whole and not the 
individual drivers, and the schemes are listed under the individual drivers.  

Site Driver 1 Driver 2 Driver 3

Bishops Waltham WTW
UWWD.U2 P removal UWWD.U2 N removal

Charing WTW
WFD P removal F>C

EdenVale WTW
UWWD.U2 P removal F>C

Lydd WTW
F>C GRND.G1
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Site Driver 1 Driver 2 Driver 3

Oxted WTW
UWWD.U2 P removal F>C

Pennington WTW
UWWD.U2 N removal HABT.H2 N removal SHEL.S1 (uv)

South Ambersham WTW
UWWD.U2 P removal F>C

Westfield WTW
WFD P removal F>C

Wivelsfield WTW
WFD P removal F>C

Brighton and Hove

The Brighton and Hove scheme is long delayed (with origins in AMP2) that now has planning 
permission and commencement work will be undertaken during this AMP period. This scheme 
has been much studied and is necessary to meet the UWWTD to prevent infraction 
proceedings against the UK Government.  It is not discretionary.  This scheme will start in the 
current period but we have included the bulk of the expenditure ( ) in the AMP5 
programme.  Given the history of the scheme and the proceedings which have surrounded it 
we have not subjected it to CBA during PR09.
 

C.8.1.4 Sewerage ELS: CBA

Sewer Flooding

On the evidence of expressions of concern from our customers, in recent years there has 
been a significant increase in society’s awareness of the impact of sewer flooding, and a 
decrease in willingness to accept that this should be allowed to occur. The severe weather of 
2000/1 prompted a rise in concern, and since then there have been several major incidents 
nationally, culminating in the severe flooding events during the summer of 2007. Although 
these events arguably had less impact in the south-east than in some other places, it is clear 
from the extensive customer research we have undertaken for PR09 that lowering the risk of 
sewer flooding is seen as a high priority area for investment.

Internal flooding has a significant impact on customers in terms of loss of property and is also 
a major source of stress, particularly when flooding occurs more than once. However, it is 
clear from our experience that, for a significant number of customers, frequent external 
flooding can also cause severe distress. A balance must be struck between addressing 
internal flooding and addressing frequent external flooding, of gardens and public spaces in 
particular. The Business Plan seeks to deliver this balance in its sewer flooding investment 
programme.

Our long term aim, as is set out in our Strategic Direction Statement, and as is consistent with 
customers’ and stakeholders’ expressed priorities, is to ensure that no properties remain at 
risk of internal sewer flooding for more than one year.  Our Business Plan sewer flooding 
investment programme is consistent with this aim.  It has been developed with a staged 
process of identifying, filtering and prioritising possible schemes, focussing on eliminating the 
situations with the highest risk and greatest consequence in terms of internal and external 
property flooding effects and pollution incidents (as described further below).  

The benefit cost criterion is among those we apply in evaluating sewer flooding schemes.  A 
significant amount of stakeholder and customer consultation has been carried out to establish 
the priority we should give and the ‘willingness to pay’ we should employ when evaluating 
programmes to lower flooding risk.  In response to our customers’ wishes, we are proposing a 
continuation of expenditure on flood alleviation schemes for AMP5, firstly to reduce still further 
the internal DG5 register, and secondly to tackle sources of frequent external flooding, 
particularly of gardens and public open space. The proposed schemes tackle flooding 
problems in all six categories:  with risks of 2:10, 1:10 and 1:20; and effects on internal and 
external flooding events.
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Our investment programme to address sewer flooding in this current AMP4 period involves 
capex of , and our proposal for AMP5 is for capital expenditure of .  Additionally 
we also propose a major scheme at Eastney to lower the risk of widespread sewer flooding in
Portsmouth.

In line with the business plan guidance we have applied CBA to the individual schemes that 
form the sewer flooding programme.    

Initial Screening

To arrive at a balanced programme for AMP5 flooding schemes, including addressing both 
internal and external problems, we first applied a screening process to identify areas with 
significant flood problems (in terms of numbers of numbers of flooded properties/areas and 
the likely frequency or risk). To do this our region was sub-divided into catchment areas of no 
greater than 1000 population per area. 

We then applied the priority formula from AMP4 to potential problem situations in each area 
using data held in the sewer incident reports database. The formula was developed in close 
consultation with CCWater and is designed to score situations taking account of the numbers 
of properties affected internally and areas affected externally, and their risks.  We use it 
regularly internally and to provide a framework for discussion of priorities with stakeholders.  It 
has evolved and no doubt will evolve further with time, but it reflects the priorities we and our 
stakeholders are applying in the business day to day.  

The full set of problem situations were then ordered by nuisance score and reviewed with 
County Engineers and our Operations staff to ensure that the priority areas from the 
automated process matched Operation’s perception of problem hierarchy, and adjustments 
were made where necessary.

Of the problem situations identified and scored through this screening process, we selected 
approximately 200 of the worst scoring areas for further detailed analysis of possible 
schemes. These areas were grouped by catchment so that analysis could be undertaken in 
an efficient and sustainable manner. For example all problems in the Brighton and Hove 
catchment were assessed together so that the interaction of one scheme with another could 
be determined. Our existing suite of hydraulic models was used to either review existing flood 
alleviation schemes or to develop new proposals.

In preparation for the Final Business Plan, the list of schemes has been reviewed, and a small 
number of schemes added for analysis. The resulting list of 211 analysed schemes was 
tabulated with known drivers (type of flooding, frequency etc) and cost.

Scheme Development 

Each of the 211 schemes has been subject to detailed modelling and optioneering to develop 
one or more solutions. Site visits have been undertaken to establish the practicality of the 
selected option, and other utilities records (particularly water and gas) have been reviewed as 
part of this process. Other construction risks have been identified and assessed.

All schemes have been costed to a consistent level of detail using standard cost curves. All 
data is recorded using our standard Scheme Definition Form.

The process has resulted in a programme of 211 candidate schemes, each with a CCWater 
formula priority ranking, each costed, from which the AMP5 programme of 52 schemes 
costing  in capex has been selected.

Application of CBA and Programme selection

The WtP values from our customer research for internal and external flooding are the basis 
for our benefit assessment of each scheme.  The benefit/cost ratio and the CCWater formula 
ranking for the schemes where investment is planned in AMP5 are shown below.  We have 
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sorted the schemes to first show those with the highest benefit-cost ratios, then to show 
others with a high CCW priority ranking, and then others selected for the programme from the 
top 211 because further aspects of the situation were especially unacceptable.  In addition to 
the inclusion of schemes with a cost benefit ratio in excess of 1, there are schemes in the 
business plan included for one or more of the following individual reasons, and together 
making up an investment programme targeted to the worst problems and sufficiently large to 
demonstrate substantial progress towards elimination of flooding risks:

• Schemes on the margins of being cost-beneficial

• Schemes high on the CCWater priority list due to high risks or consequences

• Schemes addressing problems with high public interest, where for example 
councils have expressed concern about a problem or promises have been made to 
customers in the past

• Schemes addressing especially wide area flooding

• Schemes where we believe there is probably notable under reporting of flooding 
incidents (often associated with the points above)

• Schemes addressing sewer flooding risks where the primary impact is pollution 
rather than internal or external flooding.

Each scheme in the table below which does not satisfy our simple benefit cost test is outlined 
and further justified individually in Appendix C.6.2
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BGAGDC0318_F
Lamberts Road Tun’ 
Wells 1634

1090
88

BGAUK0079_F
Terminus Road, 
Eastbourne 1504

990
127

BGAUK0023_F
Wagons Lodge/ 
Fairmans Lane, 1174

770
152

BGAGDC0325_F Broad Street, Seaford 1207 800 96

BGAGDC0309_F Collier Road Hastings 5877 3860 73

BGAUK0012_F
Buckland Road, 
Maidstone 1174

770
146

BGAGDC0397_F Robins Close Lenham 479 320 141

BGAGDC0119_F Redbrooks Way Hythe 603 400 182

BGAUK0009_F Reginald Rd/Victoria Rd, 2373 1560 58

BGAUK0304_F
Runcton Lane, 
Chichester 603

400
182

BGAGDC0274_F The Paddock Dover 8277 5540 6

BGAGDC0292_F
Claremont Road, 
Seaford 93

70
135

BGAUK0291_F King Street, Maidstone 2413 1600 154

BGAGDC0241_F
Camden Road 
Tunbridge Wells 2354

1550
182

BGAGDC0399_F Park Tavern Faversham 603 400 182
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Scheme No Scheme
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BGAUK0310_F
Shellons Street, 
Folkestone 2107

1390
108

BGAUK0033_F
St Andrews Road 
Southsea 603

400
140

BGAGDC0240_F
King Charles Hall T’ 
Wells 479

320
162

BGAUK0290_F Jetty Road, Sheerness 650 490 81

BGAUK0070_F Station Approach 942 620 182

BGAGDC0265_F Brookfield Place Dover 3176 2100 11

BGAUK0035_F
Livingstone Road 
Southsea 603

400
149

BGAGDC0190_F
Cherry Tree Road, 
Gillingham 1225

810
7

BGAGDC0396_F Martello Tower Hythe 471 310 182

BGAUK0027_F
Empshott Road, 
Southsea 603

400
149

BGAGDC0280_F Mill Hill Deal 865 580 52

BGAGDC0083_F Plum Tree Gardens 262 190 42

BGAUK0078_F Star Road, Eastbourne 1937 1320 54

BGAUK0022_F
Kimberley Road, 
Seaford 603

400
144

CCW Priority

BGAUK0301_F
Kite Hill and New Road, 
IoW 4129

2790
1

BGAGDC0203_F Kingsway, Eastleigh 1180 820 4

BGAUK0005_F
Warmdene Road, 
Brighton 1676

1120
8

BGAGDC0216_F
Neilson Close/Valley 
Road 933

700
9

BGAGDC0192_F
Common Road, 
Eastleigh 401

300
12

BGAGDC0197_F Fair Oak Eastleigh 510 380 13

BGAGDC0266_F
Crows Nest Lane 
Southampton 141

110
14

BGAGDC0283_F Dryden Close, Fareham 369 280 15

BGAGDC0316_F Maylands Road Havant 1515 1000 18

BGAGDC0215_F
Moor Green Road, 
Cowes 1694

1150
20

BGAUK0296_F
Old Mill 
Corner/Tenterden Road 426

320
22

BGAGDC0085_F
Pound Lane, Mannings 
Heath 152

110
26
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Scheme No Scheme
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BGAUK0082_F Mill Road, Pulborough 497 645 373 0.58 270 27

BGAGDC0202_F High Street Storrington 1775 4843 251 0.05 30

Other Drivers

BGAGDC0003_F Brooklyn Road, Seaford 806 1886 433 0.23 320 40

BGAGDC0282_F Church Street, Walmer 1587 6855 3116 0.45 2070 67

BGAGDC0289_F Vale Road, Portslade 657 1092 99 0.09 90 71

BGAUK0306_F Queens Drive, Hassocks 145 276 108 0.39 80 164

BGAUK0051_F Deacon Road Sholing 118 133 85 0.64 60 181

BGAGDC0117_F
Wrestwood Avenue, 
E’bourne 279 502 239 0.48

180
182

Pollution Incidents

BGAGDC0081_F Old Roar Gill Hastings 2961 4071 4972 1.22 182

BGAUK0050_F
Danes Stream Milford 
On Sea 4766 10503 14917 1.42 182

BGAUK0013_F Dodnor Lane, Newport 2511 5779 9945 1.72 139

Total
5558

3
101.4

7 62.69

Eastney

Within the Business Plan we have also included significant investment for the avoidance of 
major flooding events in Portsmouth. Eastney Pumping Station acts as the sewerage 
pumping station for the whole of the Portsmouth peninsula, with a population of over 200,000.  
The sewerage network is almost wholly combined, and virtually all flows gravitate towards the 
pumping station and are either pumped to Budds Farm for treatment, or under storm 
conditions are pumped to sea. There is no gravity outlet, due to the low lying nature of the 
catchment, the southern end of which is below sea level.  If, for any reason, these storm flows 
cannot be pumped to sea the resultant flooding impact back in the catchment is inevitable. 
Further details are with C.6.9 (Sewer Flooding).

Due to the significant risk of sewer flooding and its potentially devasting consequence for 
Portsmouth we have included a scheme in the business plan for the construction of a 
strategic CSO, for a full description please refer to section C.6.9.

Although this scheme was included in the Draft Business Plan, cost benefit analysis was not 
applied.

A highly conservative cost benefit assessment for the scheme is as below.

In a previous flooding event (September 2000) 309 properties suffered internal flooding and 
531 properties suffered external flooding. We estimate a repetition of this occurrence (if there 
is no investment) to have a 1 in 32 risk annually, which would be reduced to 1 in 200+ after 
implementation of the strategic CSO.  Forming a benefit estimate based on these numbers 
and the sewer flooding willingness to pay estimates leads to the following analysis.
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Table C8.11 – Eastney Flooding

Scheme Capex

(£000)

PV cost

(£000)

NPB

(£000)

BCR

Eastney Strategic CSO 100910

The Table shows that under this very conservative approach to CBA, the scheme passes our 
simple benefit cost test.  We reiterate that the motivation for this scheme is to avoid 
catastrophic flooding in Portsmouth, where as well as household and area flooding business 
and public life would be disrupted for an extended period by a flood – neither the avoidance of 
the wide-spread catastrophic effects on households nor the disruption to non-households are 
well caught by the per-property sewer flooding valuations we have available.  This means that 
the benefit estimate we have shown is a lower bound.  Section C.6.9 sets out in more general 
terms why it is essential that this scheme is delivered in AMP5. 

In addition to the above schemes that prevent future flooding events, we are proposing 
investment in mitigation measures. These mitigation measures do not alleviate the cause of 
the flooding, but assist in preventing/reducing the impact of the event. Mitigation measures 
include such items installing non-return valves, water tight doors and gates, re-profiling 
gardens to divert flood water from property.

The investment of  in mitigation to prevent internal flooding is cost beneficial as shown 
in the table below.

Scheme Capex (£m) NPC (£m) PV cost (£m) NPB (£m) BCR

BGAUK0146 39.91

There can be no doubt that experiencing sewer flooding can be traumatic and we should be 
aiming to reduce the risk of such events happening. To put sewer flooding into context the 
following are examples of some of the experiences of a former operational manager 
responsible for sewerage issues.

1. Attending a basement flat in Folkestone less than an hour after it had suffered 
internal flooding from the combined sewerage system, to witness personnel 
possessions such as books, papers and photographs floating in the then dropping 
sewage level. The husband of the couple was trying in vain to salvage some of the 
items, his wife would not come out of the kitchen area as she did not wish to see the 
devastation, although her crying could be clearly heard.

 
2. At a public meeting held 3 years after major flooding events at similar locations, an 

elderly lady addressed the Southern Water manager and the audience (some 100+) 
to tell them that each time there was heavy rain she began to move her furniture and 
possessions in the belief that a repeat flooding event would occur. If the rainfall was 
in the evening or during the night then she did not go to bed. Unfortunately before 
she could finish what she intended to say she was overcome by emotion and burst 
into tears, she then had to be helped out of the room and escorted home.

3. On attending a public meeting to discuss flooding that had occurred the previous 
week, the Southern Water manager was addressed by a member of the audience 
who was fairly aggressive towards the manager and Southern Water in general.  The 
views were expressed by a well spoken and articulate gentleman who probably 
would not normally be so aggressive but was at the end of his tether. On the closure 
of the meeting the gentleman asked the manger to come to see the damage caused 
to his home, which he, his wife and children had had to vacate. On reaching the 
house the gentleman reached into his pocket for the keys and immediately burst into  
tears, he explained that he could not face opening the front door and seeing (and 
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smelling) the after effects of the flooding. He also went on to say that he now had 
reliance on prescription anti-depressants.

4. Attending a public meeting several weeks after a flooding event where the views and 
opinions expressed by the audience were so emotional and aggressive that on 
leaving the meeting the manager genuinely had concerns over his own personal 
safety. 

5. Having to apologise to a newly retired couple who had been internally flooded 
several months earlier and had to vacate their house for repairs to be effected and 
on the day prior to moving back into their home, a repeat flooding event occurred, 
creating a similar level of damage 

Whilst these are five experiences of a particular manager, they are not unique and all 
operational managers will be able to relate similar experiences. 

It is clear from these descriptions that sewer flooding has a significant impact on people, their 
lives and it remains with them for a considerable time. It is with this in mind that we believe it 
inappropriate that proposals for future investment in flood alleviation should be judged purely 
on a cost benefit approach and that we need to maintain the momentum of the AMP4 
programme.

Odour Abatement

We have included within the AMP5 wastewater service enhancement expenditure a number 
of schemes which deliver odour abatement at wastewater treatment works. These schemes 
were subject to the application of CBA. 

There are a number of operational sites that, due to the nature of the activity, give rise to 
odour complaints. A review of complaints indicates that around 20% of our wastewater 
treatment works have a history of complaints; however odour is an expensive problem to fix, 
and we currently consider that only at a relatively small number of sites can capital 
expenditure be justified as a means of addressing the problem. 

The operation of the Southern sites is in line with the Defra ‘Code of Practice on Odour 
Nuisance from Sewage Treatment Works’, covering:

• The management and operation of the works; and

• Design of new installations to recognise the potential for odour nuisance.

All management and operational actions such as adhering to all the requirements within the 
site specific odour management plan are currently undertaken and whilst they have initially 
reduced the odour level and continually minimise the risk of nuisance, adherence to the 
management plans can provide no further benefits. Consequently the level of odour nuisance 
at sites selected for intervention can only be reduced by capital expenditure.

The AMP5 interventions identified for the relevant sites follow best practice in addressing the 
problems in a step wise fashion, dealing with the worst odour sources sequentially until a 
material benefit is achieved. Each scheme will provide sufficient improvement such that the 
investment is considered worthwhile.  

Based on an initial prioritisation, 10 schemes were developed, and the sites are identified 
below. Not included in the application of CBA are elements of the sewer flooding programme 
that relate to growth (supply/demand area) or asset maintenance. Examples of such schemes 
are:

• Maintaining DG5 levels

• Eastney – Cumberland screen enhancements
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• Eastney – surface water separation

Site Properties Within 
Nuisance Boundary

Properties Within 
Nuisance 

Boundary -Post 
Completion

Ave Number of 
Complaints/year
(based on last 5 

years data)

Capex  
£(000s)

Aylesford 331 4 27

Canterbury 17 0 4

Goddards Green 1120 280 18

Gravesend 22 2 5

Herne Bay 21 0 10

Horsham 7688 337 19

Paddock Wood 299 19 17

Peel Common 678 289 28

Portswood 3006 0 12

Slowhill Copse 175 0 4

Thornham 12 0 10

The application of CBA, using our customers’ willingness to pay figure as a basis for the 
benefit estimate, has concluded that 4 of the schemes have benefit cost ratios > 1. These 4 
schemes, with a total capex value of £9.9m, are included in the Final Business Plan for 
AMP5, meaning the whole of this investment is cost-beneficial, as the following table shows. 

Site Capex

(£000)

PV cost

(£000)

PVB BCR

Goddards Green 34.17

Aylesford 14.62

Paddock Wood 11.39

Peel Common 15.83

SEMD Security of Wastewater Assets (AGAS090493A)

This scheme involves providing site security to 22 wastewater treatment installations.  The 
security measures will prevent breaches of site security that lead to either vandalism or acts 
of terrorism. The impact of both events will be pollution of the water course.  

The annual benefits are calculated as the reduction in the annual probability of an incident 
multiplied by our estimate of customers’ wtp for improving river quality of £1.17 hh/yr for a 
year’s improvement, multiplied by the assumed size and duration of an event.  We assume 
that the improved security relates to 25% of Southern’s watercourse.  We also assume that 
the duration of the effect of a major act of vandalism/terrorism event is 12 months before the 
watercourse is returned to its previous state, and that this is a 1 in 200 year event at any 
given site. 

The scheme has a capex of . We calculate the present value of the costs and benefits 
over a 40-year period. 
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The table below summarises the cost and benefit values for this scheme. It shows that, as set 
out, the scheme has a benefit:cost ratio of 0.1, i.e. it is not cost beneficial. The scheme 
would be seen as cost beneficial if the probability of events we used was 1 in 20 rather than 1 
in 200.  It might also be seen as cost beneficial if the effects of the events we based the 
valuation on were interruptions to wastewater service rather than pollution events. 

Table C8.12 - Security of Wastewater Assets: Cost Benefit Analysis
Capex 
(£m)

PV costs 
(£m)

Wtp for 
one fewer 

complaints 
(£m/p.a)

Annual 
probability of 
an event at a 

given site

EAV 
benefits 

(£m)

PV benefits 
(£m)

Benefit:Cost 
ratio

28.7
1

0.5% 0.14 3.1 0.1

NERA Analysis.  Notes: Calculated as: £1.17 hh.p.a. * % of river for which security is 
improved (25)*981,657 households

Despite the low benefit cost ratio we have included this scheme within the business plan as 
we are obliged to deliver these security improvements under Government legislation, so the 
work is a necessary part of our base investment programme. Recognising the low benefit:cost 
ratio we have minimised the impact on customers bills by spreading the investment over a 
number of AMP periods, with only 66% of the total investment required ( ) to address all 
site security issues to be undertaken in AMP5.  

Resilience

We have included within the Final Business Plan £  to further progress the design of 
optimal resilience schemes to protect our key sites from major flooding events. CBA has not 
been applied, as the expenditure is considered as investigational. Full detail of the work 
undertaken to-date on resilience can be found in B.6.7.

C.8.1.5 Capital Maintenance

The primary aim of our capital maintenance expenditure during AMP5 is to maintain the 
generally satisfactory stable serviceability position in three of the four asset types, water 
infrastructure and non-infrastructure and sewerage non-infrastructure.  Accordingly we have 
followed Ofwat guidance and applied a cost effective approach to determine the investment 
needs in these areas.  By comparison we are more concerned about impending deterioration 
in serviceability of sewerage infrastructure assets.  Here we need to achieve a step change in 
performance to achieve the stable serviceability categorisation.  We have therefore applied 
CBA to our proposed investments in this area.

In particular, within the Common Framework analysis of capital maintenance schemes for 
gravity sewers and rising mains, the cost-benefit planning objective has been applied. The 
analysis has made use of benefits estimates based on Willingness To Pay (WtP) values 
derived from our customer surveys. The values used within this analysis related to the 
following serviceability measures:

• property flooding incidents (internal or external)
• pollution incidents (EA categories 1, 2 and 3)

In each case the WtP value derived from the surveys comprised the mean amount that each 
customer would be willing to pay for the whole-company number of incidents to be reduced 
from the current level to an identified lower level. This value was multiplied by the number of 
customers and divided by the identified change in incidents, to give the amount that 
customers are collectively willing to pay to avoid one incident. This benefit figure is then used 
within the scheme optimisation as a penalty cost that is incurred each time an incident occurs. 
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If an intervention is found to generate more benefit (in terms of penalty and other costs 
avoided) than it costs to undertake, then it is deemed to be cost-beneficial and is selected for 
implementation.

Constraints are imposed on the optimisation to ensure that there is no increase in service 
failure events from the forecast 2010 level, for each of the following indicators:

For gravity sewers:

• pollution incidents (EA categories 1, 2 and 3)
• internal property flooding due to collapse 
• internal property flooding due to collapse or blockage 
• external property flooding due to collapse or blockage 

For rising mains: 

• rising main bursts 
• property flooding incidents (internal or external)
• pollution incidents (categories 1 and 2) 
• pollution incidents (category 3)

In practice none of these constraints had any effect on the schemes chosen, since the WtP 
penalty values were sufficient to ensure that the numbers of service failure events did not 
increase under the optimal set of schemes.

For gravity sewers, the cost-benefit analysis also took account of social and environmental 
costs as follows.

The included costs to society were those associated with traffic congestion due to sewer 
rehabilitation, cleansing, blockage clearance and collapse repairs. Costs have been modelled 
using the standard Department for Transport modelling approach and recommended 
parameter values. Typical durations of congestion have been used as follows:

• Sewer rehabilitation (1 inter-manhole length) – 5 days

• Sewer cleansing (heavy cleansing including removal of encrustation and root 
cutting) – 1 day

• Blockage clearance – 0.25 days

• Sewer collapse repair – 5 days (given that in many cases the collapse affects the 
road surface and traffic flow is affected between collapse occurrence and work 
commencing on site).

The included costs to the environment were CO2 emissions associated with sewer 
rehabilitation, blockage clearance and collapse repair. CO2 emissions associated with 
cleansing have been judged to be negligible.

With WTP and social and environmental costs included as above, the analysis identifies the 
maintenance required to maximise customer utility. That is, the analysis selects those 
maintenance interventions for which the net benefit to customers (as quantified using WTP) is 
greater than the net cost to SWS, society and the environment.

A large programme of maintenance is justified on cost-benefit grounds, leading to significant 
forecast improvements in serviceability as follows:

• blockages: 6% reduction
• collapses: 4% reduction
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• pollution incidents: 6% reduction
• internal flooding events due to collapses: 4% reduction
• internal flooding events due to collapses and blockages: 6% reduction
• external flooding events due to collapses and blockages: 6% reduction

If serviceability targets for AMP6 and subsequent periods are reset at the full improved 
optimal end-AMP5 level, then maintenance requirements in AMP6 and subsequent periods 
are similar to those required under the cost-effectiveness planning objective. Hence under the 
full optimal scenario, AMP5 would represent a one-off peak of capital maintenance 
investment to move the company to a new more cost-beneficial level of serviceability for 
sewerage infrastructure. However, in view of the size of this peak, SWS will spread this one-
off expenditure over three AMP periods in order to reduce the immediate impact on customer 
bills, to allow the work to be taken at a steady pace, and to allow later periods to re-test the 
serviceability position and to learn from early period investments successes and 
shortcomings.   That is, all our sewerage infrastructure capital maintenance schemes are cost 
beneficial. Full details can be found in B.3.7.1

Carbon Schemes 

We have also located within capital maintenance eight schemes to mitigate carbon emissions, 
after testing using CBA.  For these schemes we calculate annual benefits based on the 

expected CO2 savings and the shadow price of carbon stated by Defra.
7

We prefer to use 
the Defra estimate of the social price of carbon rather than our own customers’ WtP for
reduction in greenhouse gases because the Defra value should internalise all social costs 
whereas customers’ stated preferences might only reflect their private values.

The annual carbon benefits are assumed to increase by 2% each year due to an increasing 
carbon price.  All eight schemes are cost beneficial, as the positive NPV figures in the table 
below show.  

Table C8.13 - Cost Benefit Analysis: Carbon Schemes

Scheme

Carbon 
Savings: 
kt/CO2 

p.a

2010 
shadow 
cost of 
carbon 

(£)

PV 
benefits 
(£000)

Capex 
(£000)

Opex 
saving 
(£000)

PV net 
costs 
(£000)

NPV 
(£000)

Enhanced power 
consumption monitoring 8.3 27 0 2874 1,747
Automatic Meter Reading 
(AMR) devices – Water 0.5 27 57 -664 927
Automatic Meter Reading 
(AMR) devices - Waste 
water 0.9 27 115 -1344 1,870
Pump performance 
monitoring/refurbishment 15.7 27 0 6153 2,624
Real time process control 2.5 27 305 -1263 2,654
Hydro recovery 3.1 27 309 1710 5
Brighton & Hove CHP 4.1 27 410 -2243 4,554

Other CHP Opportunities 8.9 27 883 -4757 9,753

  
7

http://www.defra.gov.uk/environment/climatechange/research/carboncost/step2.htm
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Sensitivity Analysis
The issue of sensitivity analysis has been considered in the application of CBA, although it 
has not been thought appropriate to mechanistically apply to each individual scheme. There 
are a number of reasons for our more considered approach,

• Some schemes (e.g. water SEMD) have such a high CBR that applying marginal 
variations in WtP values or impact effect will not reduce the CBR to a point where it 
approaches one.

• Our conservative approach to assessing impacts of failure provides a minimum 
CBR; applying less conservative impact assessments will increase the CBR.

• In some cases the benefits assessment technique is not fully developed and would 
require lengthy and costly site specific studies to be in a position to provide greater 
detail.

• No reason to suppose that the benefits or costs have asymmetric tendencies.

• The uncertainty of WtP when applied to local relevance     

Where we have reviewed sensitivity analysis, it demonstrates that significant variations in 
inputs are required before any material changes in CBR are witnessed. This is demonstrated 
by the analysis relating to the odour abatement programme as detailed below.

The sensitivity switching analysis for odour schemes is undertaken for the ‘base case’ (40 
year time horizon, financial costs estimated in bill impact terms and mid (mean) WTP 
estimates for odour nuisance) and establishes the reduction in complaints per year that 
results in neutral NPV (NPV = 0). For schemes with positive NPV this implies a lower 
complaint rate than assumed in the base case; for schemes with negative NPV this implies a 
higher complaint rate than assumed in the base case. 

Site Reductions in 
Complaints/year

Reductions in 
Complaints/year   
(switching point)

Switching 
PVB (£m)

Switching 
NPV (£m)

Goddards Green 84 16 6.49 0.00

Aylesford 33 11 5.12 -0.02

Paddock Wood 28 6 2.62 0.03

Peel Common 39 21 8.39 -0.04

C.8.1.6 Conclusions

We have applied cost benefit analysis to all appropriate areas of our investment programme 
in compliance with the Ofwat guidance. All new schemes that improve on our current levels of 
service have been tested.  Our technical approach to cost benefit analysis conforms to 
Ofwat’s suggested methodology.  We have been able to construct benefit and cost estimates 
for most investment areas, though we do not consider them all to be very robust.  This 
experience will guide us in seeking information on impacts and values to fill gaps so that the 
robustness of the exercise can improve over time.

We have involved experts in relevant aspects of CBA in several aspects of the study, 
including: forming benefit estimates (Eftec and Accent); developing the discounting approach, 
applying CBA to water quality schemes, environmental quality schemes and metering 
(NERA); applying CBA to capital maintenance (Tynemarch); reviewing and improving our 
CBA processes as a whole (NERA).  
In many investment areas we have been able to show that all intended AMP5 investments 
pass a benefit cost test – indeed some elements of the programme have been selected to 
ensure this.  There are two main areas where we have not been able to show this.
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Firstly, some elements of the statutory wastewater quality investment programme do not pass 
our simple benefit cost test.  We must proceed with the schemes and clearly they have merit.  
We consider that it is possible that as the identification of impacts and values can be 
improved in future the CBA results may improve.
 
The second main area is for sewer flooding schemes.  Here our day to day experience in 
AMP4 and our stakeholder and deliberative customer research have convinced us that 
customers and the community place a very high priority on eliminating unacceptable flooding 
risks, and our work with CCWater in AMP4 has given us a prioritisation tool which can take 
many factors into account.  We have used this tool to apply a minimum service standard 
across our region, identifying the most worthwhile schemes to make up a programme which 
maintains steady progress in this area. By contrast, scheme by scheme CBA, using our 
customers’ willingness to pay values for the benefits, would lead to a smaller programme 
which would not deal with some situations we and our stakeholders consider unacceptable.  
No doubt the CBA approach can be improved and that effort may eventually show that more 
schemes are worthwhile, but the real difference is more fundamental.  This difference is 
between our approach of expecting that a minimum service standard should be applied to all 
sewer flooding situations, which is the mandated regulatory approach for many other aspects 
of the quality of our service, and the CBA approach of scheme by scheme evaluation however 
bad the local situation is.  Under a narrow version of CBA testing, many unacceptable sewer 
flooding situations will never be addressed.

The table below provides a summary of our application of CBA and of the results, though we 
do not show the capital maintenance and supply demand programmes where all the schemes 
are cost effective and cost beneficial as relevant – they are reported on extensively in other 
sections of this document.  As already stated, in many categories of investment all schemes 
are cost beneficial according to our test, as is shown by the series of 100% figures in the right 
hand columns of the table.  

Table C.8.14 – Summary of schemes subject to CBA
Investment 

area
Total AMP5 
projects (#)

Total AMP5 
capex (£m)

AMP5 
Projects 

subject to 
CBA (#)

AMP5 Capex 
subject to 
CBA (£m)

AMP5 capex 
with project 

B>C
(CBA 

applied)
(% of £m)

AMP5 
projects 
with B>C

(CBA 
applied) (% 

of #)

Water

QE 16 10 100 100

Growth 5 5 100 100

ESL 1 1 0 0

Sewerage

ESL

Odour 4 4 100 100

Sewer 
flooding

59 53 62 51

QE

UWWTD 17 16 47 88

Habitat 
Directive

10 10 19 67

Freshwater 
Fish 
Directive

8 8 31 75

CROW Act 10 7 100 100
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Investment 
area

Total AMP5 
projects (#)

Total AMP5 
capex (£m)

AMP5 
Projects 

subject to 
CBA (#)

AMP5 Capex 
subject to 
CBA (£m)

AMP5 capex 
with project 

B>C
(CBA 

applied)
(% of £m)

AMP5 
projects 
with B>C

(CBA 
applied) (% 

of #)

Shellfish 
Directive

79 2 100 100

Groundwater 
Directive

22 23 47 91

Water 
Framework

44 35 100 100

BAP 5 1 100 100

Discharge 
Flow Limits

20 20 83 95

Security of 
Sites

1 1 0 0

Below is the graphical presentation of the results.
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• UKWIR publication – Acceptability of Drinking Water- Willingness to Pay; and

• HM Treasury – The Green Book.



Southern Water
Final Business Plan 2009
C.8 Cost benefit analysis and carbon accounting

- 45 -

C.8.2 Carbon Accounting 

C.8.2.1 Introduction

Our fundamental role of balancing flows of water to and from the environment is put under 
additional strain from the effects of climate variability.  Our emissions associated with 
pumping and treating water and waste water contribute to the effects of climate change thus 
compounding this problem. Minimising our emissions is a significant challenge and a key 
consideration in all our future proposals.

To ensure that we consider the larger environmental issues associated with the interventions, 
in our Final Business Plan we have established a Carbon Output workstream.  The aims of 
this workstream are to ensure that the issue of carbon emissions are accounted for and fully 
addressed in our investment proposals and to ensure that Ofwat’s requirements for carbon 
accounting are met.

This section of our Final Business Plan sets out our approach and methodology to carbon 
accounting and includes:

• overview of our existing operational emissions;

• carbon accounting for AMP 5;

• our approach and proposals  for renewable generation;

• proposals for carbon mitigation; and 

• finally, a review of our predicted operational emissions by 2014/15 with an overview 
of how our investment decisions have shaped our future carbon footprint.

C.8.2.2 Energy Management

Energy management has always been key and an integral part of SWS’s Asset Management 
but with the increasing awareness of climate change and the requirement to report and 
reduce our carbon emissions we recognise the increasing importance of Energy 
Management. To this end we have ‘re-aligned’ our Asset Management structure to provide 
greater focus on Energy and Carbon to ensure that opportunities for energy and carbon 
saving are identified, explored and delivered. 

We are also focussing on our diesel fuelled ‘brown’ generating assets to ensure that the 
appropriate level of investment is provided to improve reliability thus ensuring incidents 
associated with power supply outages are minimised and to ensure that we maximise 
revenue from Short Term Operating Reserve (STOR) and Triad Avoidance.

A recently established  ‘Energy Panel’, attended by directors, also  provides strategic direction 
and ensures that key decisions such as Energy Purchase are given the attention they require.

C.8.2.3 Carbon Accounting – Existing Operational Carbon

The carbon emissions of the majority of companies in the UK consist entirely of emissions of 
CO2 from the direct (gas and oil) and indirect (electricity) use of fossil fuel.  However, the 
water sector is different as the carbon baseline also contains a significant amount of CH4 and 
N2O through process emissions.  

The water industry has been using a standard methodology, known as the UKWIR Green 
House Gas (GHG) workbook, to calculate the carbon emissions associated with operating the 
business since 2005. However, since the introduction of this tool, the greenhouse gas 
accounting requirements of the water industry have evolved; the Defra Guidelines have 
changed and the Carbon Reduction Commitment (CRC) has been proposed. Several water 
companies have also made amendments to the original tool to satisfy their own reporting 
requirements and it was therefore generally acknowledged that the UKWIR GHG workbook 
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was outdated and no longer provided the industry with a standard reporting tool for carbon 
accounting. WRc were commissioned by UKWIR, with support from the Carbon Trust and 
Water UK, in September 2007 to up date the existing tool to provide outputs in line with the 
latest Defra Guidelines and for the likely CRC requirements. This work has now been 
completed and the work book has been released to the industry.

We are now using this updated workbook for our carbon accounting and we are developing a 
robust carbon accounting process. WRc consultants have been engaged to provide guidance 
on this process.

Our carbon footprint for financial year 2007/08 has been calculated as 308.56 ktCO2e based 
on Defra reporting and 230.55 ktCO2e  for CRC reporting using the UKWIR GHG workbook. 
The emissions are made up of the contributions from the five different activities summarised 
in the following table:

Table C8.15 – Calculated carbon footprint for SWS for 2007/08

Process Area CRC
(kt CO2)

Defra
(kt CO2e)

Drinking water treatment and pumping 77.07 77.15

Sewage treatment and pumping 137.39 155.68

Sludge treatment and disposal 12.12 64.85

Administration and Minor gases 3.97 3.97

Transport 0 6.91

Totals 230.55 308.56

Carbon accounting for 2008/09 is well under way with data collected from the business on a 
quarterly basis.

C.8.2.4 Carbon Accounting – AMP 5 Schemes

For AMP5 Ofwat requires us to include an assessment of carbon emissions of our proposed 
programme in our Business Plan.  This requirement extends to all direct and indirect 
emissions and where relevant includes embedded emissions. It specifically excludes supply 
chain emissions associated with the manufacture and transport of consumables, for example, 
chemicals.

We have engaged consultants to develop a Carbon Accounting tool to enable us to calculate 
the direct and indirect operational emissions of our proposed interventions.  This tool, which 
we refer to as the Carbon Calculator, also enables us to calculate the embedded emissions 
associated with constructing the plant. We have used this tool, which has been reviewed and 
approved by our Reporter, to calculate the carbon emissions for each of the schemes 
included in our Business Plan.

C.8.2.5 Carbon Calculator

Introduction

The purpose of the Carbon Calculator is to estimate the carbon dioxide equivalent (CO2eq) 
emissions associated with defined capital schemes. The tool calculates the CO2eq emissions 
associated with a particular option based on data entered by the user.  The tool also converts 
the total estimated emissions into a monetary value based on the latest advice on calculating 
the Shadow Price of Carbon (Defra Economics Group 2007).  
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Methodology

The Carbon Calculator methodology is centred on the concept of work packages. A work 
package comprises the main materials, components and works equipment required to create 
an installation of a designated size.   For example, a desalination plant with capacity to 
process 10 Ml/d and all its components is classified as one work package.

A total of 39 work packages have been defined for the tool including ranging from pipelines, 
water treatment works, biological aerated flooded filter (BAFF) plants used at wastewater 
treatment works, to the installation of water meters.  Combinations of work packages can be 
selected to reflect different strategic options.

The items included within each work package are based on information provided by our 
project engineers who have considerable experience in designing, installing and operating 
these installations.  We have also drawn upon information provided by contractors and 
consultations that relates to similar projects.

Each work package has been defined for a particular size or capacity, which we judged as 
common, or practical.  For example, the carbon emissions for a new 10 Ml/d capacity 
pumping station have been calculated and are embedded in the tool. The user can select any 
size for the pump station or work package, and the tool scales the carbon associated with that 
work package automatically.

We have used a general scaling factor of 2:1 between work package capacity and carbon 
emissions for all work packages (i.e. a 100% increase in capacity will result in a 50% increase 
in the total carbon cost). We derived this factor from first principles. We calculated the carbon 
emissions for a typical process tank of capacity 5, 10 and 20 Ml/d from the component inputs 
and considered the relationship between size and carbon emissions. This scaling factor 
compares favourably with similar scaling factors for the increase in construction costs of 
pumping stations and desalination plants with increasing capacity. Construction costs are 
assumed to be a reasonable proxy for carbon emissions as they vary according to 
construction input and therefore energy used.

We consulted a number of sources of information to create this tool, as listed in the 
References. We have reviewed other carbon tools as part of the development of our carbon 
calculator, notably the UKWIR workbook for calculating the carbon emissions from water 
companies, which we have incorporated into our tool (UKWIR, 2007).

Greenhouse Gas Emissions

There are three major greenhouse gases (GHGs) included in our Carbon Calculator: 

• Carbon Dioxide (CO2);

• Methane (CH4); and

• Nitrous Oxide (N2O).

Information for CO2 emissions from the manufacture, transportation and operation is relatively 
readily available, and we have therefore been able to calculate the CO2 emissions for the 
works footprint, the transport footprint and the operational footprint. 

Due to a lack of information we have not been able to calculate other GHG emissions for the 
works and transport footprints. Our reporting of CO2, CH4 and N2O for operational footprints 
is in line with the UKWIR workbook, and fulfils the Defra regulatory requirements. We have 
not calculated other minor GHGs but we do not consider that these significant in terms of 
emissions. 

Emission Factors

Operational emissions for our Draft Business Plan submission for the AMP4 and AMP5 
periods were calculated using the UKWIR GHG Workbook (2008) methodology. Although the 
Defra conversion factor for Grid Electricity was revised to 0.53702 kgCO2e in June 2008 the 
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UKWIR GHG Workbook has remained un changed at 0.523 kgCO2e and our Draft Business 
Plan was submitted on that basis. We have continued to develop our Final Business Plan on 
the same basis however, we became aware of Ofwat’s requirement to use the revised Defra
conversion factor in early March 2009 via Water UK. In the light of this information we have 
reviewed the possibility of changing the emission factor used to calculate the emissions from 
Grid Electricity and we have concluded that owing to our detailed ‘bottom up’ approach to 
carbon accounting the work associated with making the changes are, in our view, 
disproportionate to the benefit and the emission factors used remain at 0.523 kgCO2e/kWh as 
was the case for our draft submission. We understand that a number of other water 
companies are in a similar position.

In order to calculate the GHG emissions associated with construction of the proposed AMP5 
programme we have applied an Emission Factor (EF) to the quantity of materials or distance 
travelled. This follows the Defra guidelines for company GHG reporting (Defra, 2007a). We 
have obtained the EFs from several sources, as shown in the References. 

Net Present Value Price of Carbon 

The Net Present Value (NPV) price of carbon considers the financial cost of carbon 
emissions.  The Carbon Tool uses the shadow price of carbon (SPC) to determine the Net 
Present Value of the scheme, over a 40-year period.  We have selected a NPV discount rate 
of 3.5%.  The NPV is calculated over a 40-year lifespan, as required.

Calculation of carbon emissions from the proposed capital maintenance programme

The embedded carbon emissions associated with the proposed capital maintenance 
programme have also been generated using the Carbon Calculator.  A slightly different 
methodology to that of the new schemes has been followed, due to the different data 
available for capital maintenance works.  The capital maintenance dataset comprises a 
wealth of maintenance requirements for assets relating to different processes at a large 
number of sites; too many for bespoke individual assessments using the Carbon Calculator.  
The scheduling of the maintenance is also subject to change, and it could be that some 
maintenance activities move in or out of the AMP5 window.  As the Company needs to report 
the carbon emissions for only AMP5 schemes, it was necessary to derive a methodology for 
estimating the emissions of the capital maintenance emissions that can be used irrespective 
of any scheduling changes.  Therefore it was necessary to determine carbon emissions on an 
aggregate level which could then be applied to individual items.  It should be noted that it was 
assumed that no operational emissions would arise from the activities, being a like-or-like 
replacement, and therefore only embedded emissions were calculated.

The methodology followed for generating carbon emissions for the capital maintenance 
programme is as follows:

Above Ground Schemes

First the capital maintenance works were grouped according to process units in the following 
areas: Wastewater Treatment Plants; Sludge Treatment Centre; Wastewater Pumping 
Stations; Water Supply Works; Water Supply Reservoirs; and Water Booster Stations.  These 
were then matched to the carbon tool by selecting the work package that best represented 
the process unit and its component assets. Where there was agreement between the capital 
maintenance works and the Carbon calculator’s work packages this was straightforward. 
There were some instances however, where the next best fit was needed, as the specific 
items required for maintenance did not feature alone in a work package.  

Next, the quantities expressed for each capital maintenance requirement were inputted into 
the selected work package to generate the carbon emissions associated with each unit 
process.  The quantities used are the average values for maintenance for each unit process 
over a period from 2010 to 2034.  It was decided to use data over the entire planning period 
to generate a representative average rather than just use a sample relating to the AMP5 
period in case any changes are made to the Company’s schedules.  For some unit 
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processes, the metric (e.g. Ml/d) of the available data did not match the selected work 
package and a best-match had to be made to generate carbon emissions.  

The resulting average carbon emission per process unit was then divided by the average 
financial investment for each process unit to produce a carbon emission: investment scaling 
factor in units of kg CO2 per £ investment.  The average financial investment per process unit 
was also generated using data over the entire planning period.  

The relevant scaling factor has then been applied to the investment assigned to each asset in 
the different process units to translate the financial investment into a carbon emission for 
every maintenance activity.  

Assuming a design life of 40 years and the start and completion of the work within 2015, the 
carbon emissions were then converted to NPV using a Shadow Price of Carbon value of 
£29.88.

Below Ground Schemes

The Below Ground Schemes largely comprise of replacement and capital maintenance 
activities associated with wastewater and water pipelines.  

The Tynemarch data for the Below Ground Schemes had changed between the Draft and 
Final Business Plan stages.  Therefore for the Final Business Plan submission it was 
necessary to find the best match to the Draft Tynemarch categories.  

The groupings for the Draft BP were: Sewer Base Maintenance; Sewer Enhanced Level of 
Service; Rising Main Base Maintenance; and Rising Main Enhanced Level of Service.  Within 
each of these groups, the data were classed by replacement material and pipeline diameter in 
order to derive emissions using the Carbon Calculator.  These were then summed to produce 
the total carbon emissions for each group.  

The Final Business Plan groupings included Sewers, Rising Main and Distribution Mains.
In order to derive emissions for the Final BP, the groups were matched as follows:

Final BP Matches Draft BP

Sewers Sewer base maintenance

Rising Main Rising Main base maintenance

Distribution Main Rising Main base maintenance

The resulting average carbon emission per process unit was then divided by the average 
financial investment for each process unit to produce a carbon emission: investment scaling 
factor in units of kg CO2 per £ investment.  The average financial investment per process unit 
was also generated using data over the entire planning period.  

Assuming a design life of 40 years and the start and completion of the work within 2015, the 
carbon emissions were then converted to NPV using a Shadow Price of Carbon value of 
£29.88.

Comparison of the Carbon Calculator to available guidance

Following the development of the Carbon calculator by our consultant, UKWIR issued 
guidance to the water industry on the approach to accounting embodied carbon.  This 

guidance was issued as a draft report in April 2008
8
. Our consultant has reviewed this 

  
8

UKWIR (2008) Carbon Accounting In The UK Water Industry: Guidelines For Dealing With ‘Embodied 
Carbon’  and Whole Life Carbon Accounting Draft Report April 2008



Southern Water
Final Business Plan 2009
C.8 Cost benefit analysis and carbon accounting

- 50 -

guidance and compared it to the model they have produced. In summary our consultant 
confirmed that their carbon accounting model generally follows the same approach as 
outlined in the UKWIR guidance. That said there are a number of areas where differences 
have been identified and these are summarised in Table C.8.16

UKWIR issued the Final Report of the guidance on embodied carbon accounting in November 
2008 (UKWIR 2008c).  Our consultant also reviewed the Final Report and found that overall it 
was largely similar, but there were some notable changes, for example the method given for 
attributing the energy used in manufactured items was different in the Final Guidance.

We believe that the differences identified in our embedded carbon accounting when 
compared to the UKWIR guidance are relatively minor, in terms of the impact on the overall 
calculated carbon emissions.  However, in order to ensure that our Carbon Calculator is as 
robust as possible, and references the most up-to-date data, we instructed our consultants to 
make changes so that the Calculator adhered to the final UKWIR guidance, see Table 
C.8.16.The revised tool was then used to recalculate the schemes for the Final Business 
Plan. 

Note: Although the UKWIR guidance on embodied carbon makes reference to the inclusion 
of emissions from capital and operational maintenance activities the guidance from Ofwat 
states that:

‘Embedded emissions are direct and indirect emissions resulting from the construction, 
maintenance and disposal of an asset. They include the extraction and processing of raw 
materials, manufacture of products and any associated transport to site, on site construction 
and the removal of any construction generated waste. Embedded emissions can also include 
the capital and operational maintenance associated with the asset and the disposal at the end 
of the asset’s life. In this case maintenance and disposal emissions should not be included. 
The boundary we propose to use has been called ‘Cradle to built asset’ in UKWIR’s carbon 
accounting phase 2 guidelines (2008). Some sources of information use the term ‘embodied 
emissions’, these phrases can be used interchangeably.’ 

In line with this guidance SWS’s calculation of Embedded emissions has excluded emissions 
associated with capital and operational maintenance and disposal emissions. 

Ofwat guidance on net present cost (NPC) of emissions states that the NPC should include:

• The increase (or decrease) in operational (direct and indirect) emissions over the 
remaining asset life;

• Embedded (direct and indirect) emissions from building as defined (‘cradle to built 
asset’)

• Embedded emissions associated with the maintenance (but not disposal) of the 
assets in AMP5 where it has not been included in column 4 (emissions to build) and 
all further embedded maintenance emissions over the remaining lifetime of the 
asset.

For our Draft Business Plan submission our NPC calculation excluded Maintenance (Capital 
and Operational) emissions. For our final submission we have enhanced our Carbon 
calculator to include emissions from Capital Maintenance however, the NPC calculation still 
excludes operational maintenance emissions.

In addition to the differences identified in the Table C.8.16 we have also found it necessary, 
due to the ongoing optimisation of the delivery programme, to standardise on the construction 
‘start date’ used for determining the Shadow Price of Carbon for all schemes to 2014/15.
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Table C.8.16 – Comparison in guidance to calculating carbon footprint

UKWIR guidance Comparison with the Carbon Calculator used for the Draft BP
Comparison with the Carbon Calculator used 
for the Final BP 

Unit emission factors are given that incorporate 
a number of different stages. The confidence 
level associated with these factors varies.

The Carbon Calculator separates the various stages and uses 
different emission factors associated with obtaining material from 
cradle-to-gate and gate-to-site transportation. For example, it 
calculates the emissions associated with site plant use as 
opposed to the specific calculation of energy involved in individual 
temporary works tasks.

No changes made

Guidance includes an allowance for 
manufacturing emissions assuming a 
percentage increase of the raw material 
emissions values, based on judgement.

The energy used in manufacturing some items from raw material 
was not included.

The energy used for manufacturing has been 
incorporated into the tool, following the final
UKWIR guidance on embodied carbon 
accounting

The guidance advises that the following are 
included in embodied carbon estimates:

(1.) Cradle to gate emissions for materials 
extraction

Yes No changes required

(2.) Gate to site transportation Yes No changes required

(3.) Off-site product manufacture
No. Products were expressed as the amount of their principle 
component material.  No allowance was given for the emissions 
associated with the product manufacture.

The energy used for manufacturing has been 
incorporated into the tool, following the final 
UKWIR guidance on embodied carbon 
accounting

(4.) On-site (in-situ) construction
The tool accounted for the use of labour and plant on site but not 
for any on-site electricity use for office and welfare provision.

The tool now allows for on-site electricity use 
following the guidance of the final UKWIR report 
on embodied carbon accounting

(5.) Disposal of waste products off site No, not for all work packages. No changes made

In addition to the above, the guidance 
recommends the inclusion of pre-construction 
emissions associated with design work, plus site 
supervision.

The Carbon Calculator did not include any pre-construction 
design work.

No changes made

For NPC of emissions the guidance advises the 
inclusion of emissions associated with the 
capital and operational maintenance.

The Carbon Calculator did not include emissions from capital and 
operational maintenance. (see text)

No changes have been made with regard to 
maintenance; however an allowance has been 
given to cover the replacement of items during 
the 40 year design period.
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Estimates of Uncertainties

A degree of uncertainty is inevitable when estimating the carbon emissions associated with 
water company activities for PR09.  This is due to a number of factors: 

• The science of carbon accounting is new and there is a lot of uncertainty over 
emission values;

• This is the first time carbon accounting has been undertaken for the Periodic 
Review and so there is no existing methodology to use to determine the carbon 
emissions; 

• Carbon calculations have been made on preliminary design data; and 

• The activities being examined are only forecasts i.e. they are estimates of the likely 
work required to meet future expectations.

In order to try and explore where uncertain arises in the carbon accounting process 
undertaken by SWS, it is helpful to classify the type of uncertainty as follows:

Table C.8.17 – Classification in uncertainty in the carbon accounting process

Uncertainty Definition

Associated with 
published data

This focuses on the uncertainty associated with the emission 
factors published for materials and activities by a number of 
sources, e.g. UKWIR, University of Bath etc, and also the Defra’s 
values for the Shadow Price of Carbon.  

Associated with 
applying the 
published data to the 
AMP5 activities

This focuses on how uncertainties arise when adopting a method 
and applying the published data or guidelines to generate carbon 
emissions.  The total emissions calculated are based on estimates 
of work or schemes that are needed for the company to meet its 
requirements in the future. Therefore while each scheme can be 
defined in detail, and the time and materials needed for 
construction and its operational requirements scoped out, there will 
be an underlying uncertainty due to the fact these are forecasts.    

Due to the above, the error associated with the estimation of carbon emissions by SWS is a 
function of both the uncertainty associated with published data and that associated with 
applying the published data to the AMP5 activities.

In recognition of the above possible sources of error, SWS has sought to minimise uncertainty 
by adopting the following approach:

• Creating a bespoke Carbon Calculator for the Company early on in the PR09 
programme, making revisions where necessary to adhere to the most up-to date 
UKWIR guidance;

• Basing the Carbon Calculator on SWS data to ensure relevance to Company 
programmes;

• Designing the Carbon Calculator to promote a standardised method to determine 
emissions;

• Eliminating items with a high degree of uncertainty, e.g. chemical manufacture, due 
to low confidence or unavailability of actual carbon emission factors;
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• Adhering to Defra’s latest recommended values for the Shadow Price of Carbon 
and Net Present Value calculations, and other guidance and published carbon 
emissions / factors to ensure consistency with the industry-wide approach; and 

• Ensuring internal checks and reviews during the carbon accounting process to 
ensure standardised approach to deriving carbon emissions.

The above points ensure that the attempts by SWS to estimate the carbon emissions of their 
AMP5 activities are consistent with industry guidelines and recommended approach.

In addition to the above, SWS has further sought to minimise uncertainty by ensuring that a 
greater amount of detailed information is available for each scheme for the Final Business 
Plan calculations.  As the carbon costing methodology employed by SWS is a bottom-up 
approach, this means that the carbon footprint of each scheme has been recalculated using a 
greater knowledge base.  This is particularly true for the calculation of operational emissions 
where greater data availability for the Final Business Plan gives rise to a greater confidence in 
the estimated emissions.

As the SWS Carbon Calculator follows the UKWIR approach for operational and embodied 
carbon emission estimation, and uses the recommended emissions values for materials and 
activities, it therefore has the same associated error and uncertainty as expressed in the 
UKWIR manuals (UKWIR 2008a; 2008b; 2008c).  The UKWIR guidance presents uncertainty 
in the format of Ofwat confidence grades, which can range from A1 to DX depending upon the 
perceived reliability and accuracy of the underlying data, where A1 is the highest and DX the 
lowest.  The confidence grades given by UKWIR for carbon accounting range from A1 to C5, 
and depend upon the specific material or activity under focus, and the amount of associated 
published information regarding carbon emissions.  Overall, the most common confidence 
grade associated with carbon accounting is C4 which can be defined as follows:

C4: Extrapolation from limited sample for which Grade A or B data is available, 
accurate to within ± 25% (but outside ± 10%)

It is believed that this is a realistic and appropriate error margin for the SWS estimation of 
carbon emissions associated with its AMP5 activities.  It is thought that an uncertainty margin 
of ± 25% (but outside ± 10%) is applicable to both the estimation of both carbon emissions 
and other greenhouse gases.

C.8.2.6 Carbon Market

Shadow Price of Carbon

A number of published studies have attempted to place a value on the damage of increasing 
carbon emissions.  Latest guidance issued by the Defra Economics Group (2007c), replaces 
the original concept of the social cost of carbon with the Shadow Price of Carbon (SPC).  The 
SPC is defined as the damage costs of climate change caused by each additional tonne of 
greenhouse gas emitted, where the greenhouse gases are converted into carbon dioxide 

equivalents (CO2 eq) for ease of comparison.

The Defra guidance outlines the costs and a methodology to compute the SPC. The SPC 
increases year on year and SPC must be selected for the year the emission occurred. The 
SPC can be used to determine the Net Present Value of the scheme.

Carbon Reduction Commitment

In the Energy White Paper 2007, the Government announced a Carbon Reduction 
Commitment (CRC) which will apply mandatory emission trading to cut carbon emissions 
from large commercial and public sector organisations by 1.1 MtC per year by 2020. Under 
the CRC water companies would effectively be able to set their own emission targets through 
the purchase of carbon allowances. Revenue raised from the sale of allowances will be 
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recycled to participants in proportion to their achievements in carbon reduction.  The scheme 
is expected to start in 2010.

The CRC is a mandatory auction based emission trading system, targeting energy use 
emissions from large businesses and public sector organisations using >6,000 MWhr/year of 
half hourly metered (HHM) electricity (estimated to cover approx 5,000 organisations). If an 
organisation exceeds the qualification threshold of 6,000 MWh/year of HHM electricity then all 
its fuel use (electricity, gas and other fuels) at all sites must be included in its reporting. 

We have estimated the range of potential cost impacts of the CRC on us for both the three 
year introductory phase and for the ongoing capped auction phase and these are summarised 
in the following table:

Table C.8..18 – Summary of the potential cost impacts of the CRC

2010 2011 2012 2013 2014 2015

Allowance price £12 / t CO2 £12 / t CO2 £12 / t CO2 £27* / t CO2 £27* / t CO2 £27* / t CO2

Projected spend £2,760,000 £2,760,000 £2,760,000 £6,210,000 £6,210,000 £6,210,000

Bonus/penalty
(% of allowance)

10% 20% 30% 40% 50% 50%

Maximum 
bonus/penalty

± £276,000 ± £552,000 ± £828,000 ± £2,484,000 ± £3,105,000 ± £3,105,000

* Allowance price in first auction phase assumed to be in line with projected prices within EU 
ETS Phase III.

Note although we are predicting an increase in operational emissions over the AMP5 period 
we have based our CRC analysis on a fixed emission equal to our 07/08 emissions of 230 
ktCO2e.

Emission reductions captured in CRC should be assessed for cost effectiveness against the 
cost impact of the CRC scheme. The detailed analysis of this is presented in C.8.2.7 below. In 
simple economic terms any carbon reduction that is more expensive than the cost impact / 
market price is economically inefficient and should not be carried out.

Any emission reductions identified that are not captured by CRC, namely process emissions, 
do not directly impact financially on us but the emissions can be monetised for scheme 
evaluation purposes using Defra’s SPC.

Because our movement in the league table will be relative to other companies and because 
we cannot forecast how those companies will behave, it is difficult to predict our overall 
league table position and the associated financial implications. 

C.8.2.7 Carbon Footprint Reduction

In our Draft Business Plan submission we highlighted our aim of reducing our overall carbon 
footprint by 10% by 2014/15 based on a 2008/09 baseline. To this end we worked with the 
Carbon Trust and engaged leading consultants to consider a range of possible options to 
meet our reduction target including:

• Purchase of “Green” electricity;

• Further Renewable generation at our own sites; and

• Specific Carbon mitigation schemes

The findings of this work and our proposed for AMP5 are summarised in the following 
sections below.
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C.8.2.8 ‘Green’ Electricity

There has been much debate on the strategy of purchasing ‘Green’ electricity to reduce a 
company’s carbon footprint and to increase the % of energy consumed from renewable 
sources. 

As the Defra guideline stands for 2007-8:

• Where a company has entered into a renewables source contract with an energy 
supplier that has acquired Climate Change Levy Exemption Certificates (LECs) for 
the electricity supplied then the company is able to treat the electricity consumed as 
zero carbon emissions instead of the grid electricity emission factor of 0.523
kgCO2/kWh. 

• In addition electricity purchased from natural gas fuelled CHP where the generating 
station meets the efficiency criteria set down in the UK’s CHP Quality Assurance 
Programme (CHPQA) can currently be accounted for at a reduced emission factor 
of 0.295 kgCO2/kWh compared to the grid electricity emission factor of 0.523 
kgCO2/kWh.

The general consensus of the electricity supply industry was that Defra would seek to change 
their guidance on the carbon accounting for green electricity and it was widely anticipated that 
reduced emission factors for imported ‘green’ electricity would not be available moving 
forward into AMP5. This was confirmed by Defra in June 2008 when they published revised 
guidance to bring it more in line with wider policy such as the upcoming Carbon Reduction 
Commitment. Defra now recommend for 2008-9 reporting year the use of ‘grid average’ 
emission factors for imported ‘green’ electricity. Therefore, the purchase of ‘Green Energy’ will 
provide no benefit moving forward in terms of reporting on carbon emissions.

C.8.2.9 On-site Renewable Generation

We have made significant investment in biogas fuelled CHP and now have eleven operational 
CHP with the capacity to generate approximately 10% of the company’s electricity 
consumption. 

Table C.8.19 - Summary of existing CHP schemes

Site
CHP

Rating
(kW)

CHP
Anticipated

Output
(kW)

CHP
Availability

(%)

Biogas 
Availability

(%)

Annual
Output
(GWh)

Displaced
Carbon*
(ktC02e)

Ashford 615 550 50 90 2.17 1.13

Canterbury 360 360 90 90 2.55 1.34

East Worthing 360 360 90 90 2.55 1.34
Goddards 
Green 465 465 90 90 3.30 1.73

Queenborough 360 360 90 60 1.70 0.89

Tunbridge 
Wells 60 60 70 90 0.33 0.17

Motney Hill 745 654 90 90 4.64 2.43

Fullerton 291 291 90 90 2.06 1.08

Gravesend 291 291 90 90 2.06 1.08

Budds Farm 1889 1727 90 90 12.25 6.41

Millbrook 1113 1113 90 90 7.90 4.13

6,549 6,231 41.53 21.72

*  Not reportable under Defra or CRC guidelines (based on 0.523 kgCO2e/kWh)
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SWS’s Strategic Direction Statement is in line with Government targets and details a 20% 
renewables by 2020 and it is clear that if this target is to be achieved considerable investment 
in renewable generation will be required.  

We have considered possible renewable generation for our land, our water sites, and our 
wastewater sites and associated with sludge.  We have identified opportunities in the 
following areas:

• Further CHP;

• Wind turbines; and

• Hydro-turbine energy recovery.

In a recent publication on PR09 guidance ‘setting price limits for 2010 – 2015 Ofwat have 
stated that:

“….. they encourage the development of renewable energy sources where there are natural 
synergies with the company’s functions, such as CHP at sewage treatment works. There is 
great potential for innovation in this area and there is a regulatory regime for energy to 
support renewable energy generation. However, as this is a separate and competitive market 
Ofwat would normally expect companies to develop renewable energy as non-regulated 
activity where the generation process is independent form the appointed business’ activities.”

From this guidance we have concluded that the CHP and hydro recovery will be eligible for 
funding as part of the appointed business and that wind generation would be considered by 
Ofwat as non-appointed business and funding would therefore, not be available at this stage.

Renewable Incentives

Incentives known as Renewable Obligation Certificates (ROCs) are available for each MWhr 
of renewable electricity generated. ROCs can be sold on the open market independent of the 
electricity and are currently attracting between £40/MWhr and £47/MWhr. We currently claim 
and sell ROCs for the renewable electricity generated by CHP and the revenue from ROC 
sales in 2008/09 is predicted to be in the region of £1.9m.

However, Government has been reviewing these incentives and has recently announced that 
‘ROC Banding’ will be introduced to provide additional incentives for some under developed 
renewable technologies and fewer incentives for those more developed. The consequences 
of this are that biogas fuelled CHP are likely only to receive 50% of the incentives currently 
enjoyed. This will apply to new schemes commissioned after April 2011, schemes operational 
by the end of March 2011 will attract and retain the full incentive currently available.  

The renewable incentives are significant and reduce payback on investment to acceptable 
levels and surrendering the incentives to enable the electricity to be accounted for as zero 
emissions is not considered economic, although this position may change in the future if the 
cost of carbon increases significantly. 

Although the generation of electricity from renewable sources such as biogas fuelled CHP
and wind generation has zero carbon emissions if the ROC incentives are sold on then the 
zero carbon emissions are also sold on and under both CRC and Defra guidelines the 
electricity generated is treated as ‘imported grid electricity’ at  0.523 kg CO2/kWh.

The benefits of trading and retiring ROCs have been considered and the following table 
summarises the situation as it currently stands for the generation of 40GWhrs of renewable 
generation:
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Table C.8.20 – Benefits of trading and retiring ROCs for 40GWhrs of renewable generation

CO2 Emissions based on 0.523kg CO2/kWh 20,900 tCO2

CRC Cost based on £12/t CO2 £251k

Defra Shadow Cost of Carbon based on £27/ tCO2 £565k

In conclusion, the revenue from the sale of ROCs is significant and reduces payback on 
investment to acceptable levels. Surrendering the incentives to enable the electricity to be 
accounted for as zero emissions is therefore, not considered economic at this stage, although 
this position may change in the future with the introduction of the Carbon Reduction 
Commitment (CRC) and the anticipated increase in the cost of carbon. SWS therefore, for the 
foreseeable future, intends to continue to sell ROCs for all their existing and future renewable 
schemes.

Further CHP Opportunities

We have carried out a review of the remaining opportunities for CHP fuelled from biogas and 
the remaining opportunities are summarised below. In each case we are in the process of 
obtaining ‘Preliminary Accreditation’ from OFGEM to ensure that where possible we secure 
the full 1 ROC/MWh allocation.

Thermal Drying Sludge Treatment Centres

SWS has six large Sludge Treatment Centres (STC) where sludge is thermally dried.  Sites 
are located at:

• Budds Farm 

• Millbrook

• Ford

• Hastings

• Sandown

• Ashford

CHP plants have recently been installed at Budds Farm WTW and Millbrook WTW to 
maximize the economic benefits of renewable generation and the sludge dryers on these 
sites are now fuelled from natural gas. Ashford WTW has recently been expanded to treat 
additional imported sludge and a sludge drying facility has been included. The existing CHP 
at Ashford has proven to be unreliable and it is proposed to replace this with new 1889 kWe 
CHP sized to maximize the biogas production of the increased digestion capacity. The sludge 
dryer would operate on natural gas as is currently the case at Budds Farm. 

Construction of a new waste water treatment site for Brighton & Hove is expected to 
commence during AMP4 and we are proposing to include a 1113 kWe CHP as part of the 
AMP5 programme. 

The remaining thermal drying sites at Ford WTW, Hastings WTW and Sandown WTW have a 
lower sludge throughput and hence lower biogas production and our feasibility work has 
concluded that it is not economic to switch these driers to natural gas to enable all the biogas 
to be used for CHP. However, the sludge dryer at Ford does not consume all the biogas and 
currently the surplus is wasted to flare. In AMP 5 we propose to install a small scale 291 kW 
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CHP at Ford to maximise the potential of this surplus biogas.

Non Thermal Drying Sludge Treatment Centres

We have two sites where biogas is produced and CHP is not installed are Ham Hill WTW and 
Aylesford WTW. The future of sludge digestion at these two sites has been uncertain and
investment in CHP has been on hold. A decision to continue digestion at both sites has 
recently been made and we now propose to install small scale 291kW CHP at these sites 
during AMP5.

Table C.8.21 - Summary of proposed CHP schemes and predicted benefit

Site
CHP

Rating
(kW)

CHP
Anticipated

Output
(kW)

CHP
Availability

(%)

Biogas 
Availability

(%)

Annual
Output
(GWh)

Displaced
Carbon*
(ktC02e)

Capex
(£M)

Opex
saving

(£,000/yr)

Brighton
& Hove 1113 1113 90 90 7.90 4.13

Ashford 1889 1534 90 90 10.88 5.69

Aylesford 291 291 90 90 2.06 1.08

Ham Hill 291 291 90 90 2.06 1.08

Ford 291 291 90 90 2.06 1.08

3,875 3,520 24.98 13.06

*  Not reportable under Defra or CRC guidelines (based on 0.523 kgCO2e/kWh)

Operation savings/benefit have been calculated for each scheme on the following basis:

Table C.8.22 - Brighton & Hove CHP – Opex saving breakdown

1.1MW installed capacity

Estimated energy yield (kWh) 7,805,160

Opex saving on reduced imported electricity

Opex revenue from sale of ROCs

Import natural gas to dryer

CHP O&M fees

PPC licence management

Biogas treatment

Total Opex cost (-ve means benefit)

Our proposals for further CHP, at an investment cost of , will increase our capacity to 
generate renewable energy from 41 GWh/annum to 64 GWh/annum with an increase in the 
potential ROC revenue from per annum. 

Wind Generation

We have engaged consultants to review the potential for large scale wind turbines on our 
sites.  The work focused on the 228 sites with power supplies greater than 100kW, taking into 
account wind strengths, planning issues, space, etc. The following five sites were short listed:

• Budds Farm WTW (3 x 1.25MW turbines);

• Millbrook WTW (1 x 2MW turbine);

• Peel Common WTW (3 x 0.6MW turbine);

• Pennington WTW (1 x 0.6MW turbine); and

• Weatherlees Hill WTW ( 2 x 2MW turbines)
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Possible options for delivering wind generation have been considered including land lease to 
a wind farm developer, power purchase and wind turbine outright purchase.

Ofwat’s guidance on renewable generation and appointed business relating to wind 
generation is clear and funding for outright wind turbine ownership, should SWS decide to 
take this route, would need to be approached as a non appointed business. 

SWS will continue to explore opportunities to deliver wind generation.

Hydro Turbine Energy Recovery

We manage large quantities of water flow and we have carried out feasibility work to 
determine the opportunities for the generation of electricity through micro hydro recovery. 

The feasibility work concluded that four waste-water treatment works have sufficient water 
head and flow to make hydro recovery possible. A summary of the schemes and predicted 
benefits are listed in the table below:

Table C.8.23 – Summary of proposed Hydro schemes and predicted benefits.

Site
Head
(m)

Flow
(m

3
/s)

Mean 
power
(kW)

Annual
Output
(GWh)

Displaced
Carbon*
(ktC02e)

Capex
(£M)

Opex
saving
(£,000/yr)

Budds Farm 20 1.34 173 1.52 0.79

Margate & 
Broadstairs 37 0.52 127 1.11 0.58

Brighton & Hove 10 1.17 77 0.67 0.35

Broomfield Bank 69 0.63 288 2.52 1.32

5.83 3.05

*  based on 0.523 kgCO2e/kWh

Note that all these schemes are from pumped sources and are therefore, not currently eligible 
for Renewable Obligation Certificates.

We have included the costs to construct hydro recovery turbines at these four sites in AMP5. 
We also intend to carry out further feasibility work during AMP5 to identify further 
opportunities for delivery in AMP6.

C.8.2.10 Carbon Mitigation Measures

Introduction

We have investigated the numerous carbon reduction opportunities available to us to assist 
us in meeting our targets. Our consultants have identified a number of opportunities for 
carbon mitigation across all areas of our business. The following sections summarise the 
opportunities identified together with our proposals for AMP5.

In assessing costs we have developed an estimate of the cost of a “standalone action” (net 
present value from Capex and Opex) and included the cost or benefit of an action embedded 
within a carbon cap and trade market.  The latter point is fundamental when assessing the 
economic effectiveness of any carbon reduction strategy. 

Based on the initial price of £12/tC02 in the CRC scheme and assuming the water sector 
features in the lower portion of the league by year 5 (2015) only 50% of the £12/t C02 would 
be recycled. This could be used as the basis for the ‘short term’ view when reviewing 
economics for carbon mitigation. However, the cost of carbon is widely expected to rise when 
the CRC scheme enters the ‘Cap & Trade’ auction phase therefore, for medium to long term 
analysis of carbon mitigation schemes the Defra’s shadow price of carbon, currently set at 
£27/t CO2 maybe more appropriate.
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Enhanced Electricity Consumption Monitoring

Energy Management has always been a key and an integral part of Asset Management and 
with the recent increases in energy costs and the increasing awareness of climate change 
and need to report on carbon emissions Energy Management is even more important.

Our power consumption monitoring is currently carried out by a variety of means depending 
on the size and the age of the plant. On small to medium sites consumption monitoring may 
be limited to the main electricity meter with possibly some metering on individual drives. 
Larger sites have SCADA systems providing the operators with an overview of the process. 
However, data on power consumption is limited and in many cases is restricted to displays at 
the local control centres. 

We propose to install an enhanced power consumption monitoring system implemented 
across our twenty highest power consuming sites as summarised in the table below.

Table C.8.24 –Proposed sites for enhanced power consumption monitoring systems

Site Total 
(kWh)

1 Budds Farm New WTW 1&2 16275225

2 Hardham WSW 12714312

3 Henderson Rd Eastney WPS 12469825

4 Otterbourne WSW 10751807

5 Burham WSW 9379390

6 Millbrook WTW 9373601

7 Eastbourne MTW 8845841

8 Sandown New WTW & STC 8808931

9 Testwood WSW 8515971

10 Peel Common WTW 7305586

11 Ford WTW New Supply 7294873

12 Hastings & Bexhill WTW 6890482

13 Folkestone Junction SPS 6493844

14 Weatherlees WTW 6490033

15 Motney Hill WTW 6180811

16 Yalding SWA 4904151

17 Broomfield Bank WTW 4553336

18 Worthing (East) WTW 4198337

19 Shoreham North MTW Main Supply 3248579

20 Darwell SWA 3244179

Total 157,939,114

The system will provide a central point of monitoring and analysis for all of the electrical 
power consumption on the site(s). In addition key process variables such as levels, flows, 
pressures and quality parameters will be monitored by the system and used to compare 
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power consumption with process throughput and performance. This will allow us to assess 
the effects of changes to process operations on the operating cost (and carbon footprint) of 
the works.  We will be able to access the information at each site and at our regional offices.

Annual consumption across the 20 sites is in the region of 158,000,000 kWh and we estimate 
a 10% energy saving will result from this programme. Thus the annual savings in carbon 
emissions will be in the region of 8,000 tCO2e per annum.

Carbon reduction through Automatic Meter Reading (AMR) devices

SWS has over 3,000 sites where the electricity consumption is billed monthly or quarterly 
based on estimated reads. The period between actual meter reads can be up to 2 years 
resulting in over payments and poor data on individual site consumption.

AMRs will provide accurate consumption data to eliminate over charging from estimated 
billing, provide a greater understanding of our electricity consumption and hence flag up 
opportunities for optimisation of sites to reduce energy consumption and CO2 emissions, 
provide greater accuracy on the company's overall consumption which will provide greater 
certainty and hence result in more competitive prices from our electricity suppliers. AMRs are 
also recognised under the Carbon Reduction Commitment (CRC) scheme as an ‘Early Start’  
initiative.

We are therefore, proposing to install approximately 2,000 AMR devices with the aim of 
providing coverage on the majority of sites with an annual consumption greater than 
5,000kWh.

Carbon reduction through improved pumping efficiency

We have identified that further investment in ‘on-line’ measurement of pump performance in 
terms of operating efficiency and condition will yield further benefits in terms of lower 
electricity consumption and improved service levels. On-line monitoring will provide early 
warning of falling efficiency or early warning of potential for ‘In-service’ failures.

Real–time monitoring is not only able to provide information about the pump performance, for 
energy savings, but the information about how the pump interacts with the system and other 
pumps. This enables the operation of the system to be optimised, to reduce the pumping cost 
to the minimum.  

On-line monitoring can be deployed on different types of pumps including all clean water 
pumps, raw water abstraction, raw sewage transfer and treated waste water outfall transfer 
and outfall pumps. The criteria adopted for selecting pumps for on-line monitoring is: 

• Pumps rated at 75kW and greater; and

• Annual energy consumption > 225,000kWhrs/annum.

Our consultants carried out a high level analysis on all our pumps that met the defined 
criteria.  They calculated the quantity of carbon and electricity that could be saved based 
upon an estimated 10% improvement of the operation of the pump.  They assumed that this 
improvement will fall as the pump unit becomes less efficient over time. The parameters used 
in the assessment together with the estimated electricity and carbon cost savings are 
presented in the following table.
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Table C.8.25 – Estimated electricity and carbon cost savings

Parameter Unit Example 
calculation for a 

single pump

Cumulative values 
for all pumps in size 

range

Number of pumps count 1 467

Pump motor size kW 75 1312 - 75

Operating hours per year hours 8,000 3,000-5,000

Approx energy usage kWh / year 600,000 321,085,600

Grid emission factor kg CO2 / kWh 0.523 0.523

Annual  emissions of CO2 kg CO2 / year 313,800 167,927,769

Annual  emissions of CO2 t CO2 / year 314 167,928

Shadow price of carbon (SPC) £/tCO2 27 27

Cost of carbon emissions 
based upon  SPC

£ / year 8,473 4,534,050

Pumped system efficiency 
saving

% 10 10

Annual savings of CO2 based 
upon 10% reduction

tCO2 / year 31 16,793

Value of carbon savings  
based upon SPC

£ / year 847 453,405

Electricity cost £ / MWhr 50 50

Electricity cost £ / kWhr 0.05 0.05

Electricity cost £ / year 30,000

Electricity cost saving £ / year 3,000

Years between refurbishment years 5 5

The results presented in the table above show that there is the potential for us to make large 
carbon reductions through the implementation of on-line monitoring. The quantity of electricity 
used to estimate the savings represents approximately 78% of the total amount consumed by 
us each year. The total value of cost savings in electricity over the nominal five year 
refurbishment interval is approximately .

The emissions in question, those from the use of electricity, are covered by the CRC system 
and the carbon abatement costs should be assessed against the CRC carbon price. 
However, as is discussed earlier the design of the CRC makes this difficult to do.  In the 
absence of a carbon price for the CRC the metric of the shadow price of carbon at £27/t CO2

has been used. The total value of cost savings in carbon terms over the nominal five year 
refurbishment interval is approximately .

C.8.2.11 Water Treatment and Distribution

Within our water services there are two main areas where carbon reductions can be 
achieved; through operational efficiencies of our clean water assets, primarily pumping 
stations as discussed in the Pump Efficiency section above, and though the implementation of 
demand reduction, which we expect to achieve through metering. 
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Demand Reduction

We set out our proposals for full metering in detail in Part C4 and Part B5 of or Business Plan.  
We plan to meter an additional 880,000 properties by 2014/15.  We expect a demand 
reduction of approximately 3.6%. The driver for installing metering is water demand reduction 
however, reduced demand will also result in a reduction in energy consumption from 
treatment and pumping and hence savings in carbon emissions.

In carbon terms a reduction in demand of 3.6% by 2014/15 represents approximately 3,000 
tCO2e in 2014/15. Assuming that the bulk of the meter replacement programme is equally 
distributed over 2008/09– 2014/15 the additional annual reduction achieved for each of the 
seven years  from 2008/09 to 2014/15 is 429 t CO2e (429 in 2008/09,  858 in 2009/10 etc). 
The representation of how this cumulative approach works is shown in the table below:

Illustration of the Cumulative Reduction from Metering Installation

Table C.8.26 – Cumulative approach to demand reduction

Year Reduction 
counts from 

year 1
t CO2

Year 2
tCO2

Year 3
tCO2

Year 4
tCO2

Year 5
tCO2

Year 6
tCO2

Year 7
tCO2

2008 429

2009 429 429

2010 429 429 429

2011 429 429 429 429

2012 429 429 429 429 429

2013 429 429 429 429 429 429

2014 429 429 429 429 429 429 429

Total tCO2 3003 2574 2145 1716 1287 858 429

There will be reductions in our carbon emissions through water savings from our water 
efficiency programme.  These are not explicitly presented here.

C.8.2.12 Waste Water Treatment

Introduction

Wastewater treatment emits GHGs at various stages including N2O from secondary treatment 
and methane emissions from screenings disposal (to landfill), sludge thickening etc.  Our 
consultants consider that the opportunities to reduce these emissions are limited to applying 
best operational practice.  In AMP5 we plan to introduce real time control systems on our 
aeration plants at five treatment works.  We will also investigate the potential carbon reduction 
benefits from the following possible interventions:

• Replacing nitrifying ASPs with nitrifying filters;

• Incinerating sewage screenings; and

The emissions reported using the UKWIR GHG Workbook  assume a fixed emission rate 
irrespective of any good housekeeping or best practices that may be in place to minimise 
emissions does not take into account any reduction in process emissions.  Despite the fact 
that there is no “formal” benefit available to us from improvements in this area, we consider 
that real improvements can be made.  We also consider that our emissions may be lower 
than estimated by the methodology because we have more modern facilities than at some 
other companies.
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Real Time Process Control

We have recently introduced a new advanced control system for aeration control at our Peel 
Common waste water treatment works. This is one of the first applications of real-time control 
of wastewater treatment in the UK and is expected to minimise capital expenditure, maximise 
process performance and, by reducing the power consumption of treatment facilities, lead to 
carbon emission reductions of around 20 - 25%.  Under traditional control systems it is not
possible to make use of the safety factors built into a treatment works to take account of the 
wastewater variability and seasonal changes. By controlling the aeration plant on the 
treatment works to match the actual conditions experienced at that time, rather than an 
“average” or minimum condition, optimum treatment and energy consumption can be 
provided. The term “real time” control has been used to describe this particular method of 
aeration control as the plant reacts instantly to changes in the influent and constantly 
operates under a very stable condition.  

The benefits of real time control include:

• Rather than using oxygen concentration as the main control, ammonia is used to 
predict the amount of air needed so the system reacts quicker;

• By using ammonia as a direct measure, over-treating and wasting energy is 
avoided;

• The internal re-cycles can be optimised so only what is needed is pumped rather 
than over-pump;

• Seasonal conditions can be matched to take advantage of the faster reactions that 
occur in summer time reducing the energy wasted which would be used simply to 
treat by-products; and

• The amount of methanol used by optimising the second stage removal and 
reducing the impact of dissolved oxygen on consumption.

We intend to roll this advanced control out to five further sites at Budds Farm, Slowhill Copse, 
Millbrook, Pennington and Chichester in AMP5. 

A carbon emissions reduction of 22% is predicted with real time control system, which based 
on estimated total electricity saving of 4,754,306kWh per annum for the six treatment plants, 
gives a potential carbon saving of 2,487 tCO2e/ year.  In addition carbon emissions due to 
methanol dosing would be reduced by 20% as around 469t of methanol per year would be 
saved.

C.8.2.13 Sludge

Introduction

98% of our sewage sludge is processed using anaerobic digestion.  In terms of carbon 
footprint, anaerobic digestion is a double edged sword because the sludge’s energy is made 
available through methanogenesis, i.e. the high calorific value gas methane is produced, but 
methane is also a potent greenhouse gas.  In a perfect anaerobic digestion plant, no methane 
would leak into the atmosphere and all the methane would be completely combusted (in the 
CHP, boiler or flare).  This would lead to there being no operational carbon footprint from the 
plant itself.  However, some leakage does occur and no combustor is perfect.  The UKWIR 
GHG Workbook takes account of these facts by applying flat rated worst case conditions to all 
anaerobic digesters.  Whilst expedient for reporting, this does not encourage individual 
companies to improve their reported carbon footprint by improving on these worst case 
conditions and penalises companies like us that have well operated, modern facilities that 
leak less.  Indeed, it can be shown that applying the UKWIR GHG Workbook flat rated worst 
case conditions actually shows anaerobic digestion to be at best neutral and at worst 
detrimental in terms of carbon footprint, despite the production of renewable electrical power.  
This effect is mostly caused by the assumption of un-covered secondary digestion tanks, 
which wouldn’t apply to sites with covered tanks or those producing an enhanced treated 
product as there is no requirement there for secondary digestion.  
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Our consultants have identified a number of opportunities for carbon reductions from sludge 
treatment: Options that have been considered for AMP5 but are not included in our 
investment plan include:

• Replacing tankers with pipelines where sludge is transported over short distances. 
This was not included as the capital costs are high;

• Advanced digestion to improve the performance of anaerobic digesters.  
Technology in this area is not yet proven and costs are high.  We will continue to 
research and monitor this option; and

• Converting our sludge dryers back to biogas.  Whilst this may reduce our carbon 
footprint, it would also reduce our proportion of electricity generated from renewable 
sources so is not considered beneficial.

Optimise Sludge Transportation and Treatment for GHGs 

The sludge network of production, treatment and recycling routes and processes for a 
company the size of SWS is immensely complicated and highly inter-related.  We are 
investigating options for optimising the transfer of sludge during AMP4, with a view to 
implementing changes in AMP5.  Our consultants estimate that it could be possible to reduce 
the total sludge related carbon footprint by around 20% or around 15,000 tCO2e which is
significant. We plan to carry out further work in AMP5 but as the savings are difficult to 
quantify we have not declared any carbon savings.

Sludge Thermal Destruction

We currently recycle of all our sludge to agriculture and set out in Part B4 of our plan we are 
proposing to construct a sludge incinerator at Peel Common WTW in the AMP5 programme.

Our consultants have carried out a number of studies into incineration and they have carried 
out detailed engineering work on the proposal for incineration at Peel Common to support the 
PR09 submission.

A fluidised bed incinerator has been proposed by MWH. A classic water company fluidised 
bed incinerator achieves autothermicity (the point at which no support fuel is required to 
maintain combustion) at typically in the region of 28% to 30% DS feed (as raw sludge cake) to 
the combustion chamber.  This does not mean that the incinerator can then become a net 
exporter of power above 30% DS because the large quantities of hot air required to fluidise 
the bed are created by MW sized fans.  Aiming for a sludge mix of 40% DS would achieve the 
right balance between ensuring viable power production using a largely digested sludge feed 
and generation in the region of 2.7MW is anticipated.

Although the incinerator would include generation the carbon footprint of the incineration 
scheme as a whole is significant due to the high power demand of the fluidised bed and the 
N2O emissions from the incineration exhaust stack. Construction is programmed to span 
AMP5 and AMP6. As the incinerator will not be operational until AMP 6 the operational 
carbon footprint of the incinerator has not been accounted for in the 2014/15 figure.

C.8.2.14 Cost Benefit Analysis

Cost benefit analysis (CBA) has been carried out on the eight Carbon Mitigation schemes to 
ensure they are cost beneficial. 

We have calculated annual benefits based on the expected CO2 savings and the shadow 
price of carbon stated by Defra.  We prefer to use the Defra estimate of the social price of 
carbon rather than our own customers’ WtP for reduction in greenhouse gases because the 
Defra value should internalise all social costs whereas customers’ stated preferences might 
only reflect their private values.

The annual carbon benefits are assumed to increase by 2% each year due to an increasing 
carbon price.  We calculate PV of costs and benefits over a 40 year period using the 
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approach described above where scheme costs are first annuitised using the WACC then 
both costs and benefits are discounted at Green Book STPR rates.

All eight schemes are cost beneficial, as the positive NPV figures in the table below show.  

Table C.8.27.  - Cost Benefit Analysis: Carbon Schemes

Scheme

Carbon 
Savings: 
kt/CO2 

p.a

2010 
shadow 
cost of 
carbon 

(£)

PV 
benefits 
(£000)

Capex 
(£000)

Opex 
saving 
(£000)

PV net 
costs 
(£000)

NPV 
(£000)

Enhanced power 
consumption monitoring 8.3 27
Automatic Meter Reading 
(AMR) devices – Water 0.5 27
Automatic Meter Reading 
(AMR) devices - Waste 
water 0.9 27
Pump performance 
monitoring/refurbishment 15.7 27

Real time process control 2.5 27

Hydro recovery 3.1 27

Brighton & Hove CHP 4.1 27

Other CHP Opportunities 8.9 27

Total 44.0

Further details can be found in Part C.8.1.

C.8.2.15 Carbon mitigation opportunities – summary and conclusions

The following table summarises the carbon mitigation opportunities in terms of predicted 
carbon savings, Capex costs and the cost per tCO2 saved:
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Table C.8.28 – Carbon mitigation opportunities

Carbon mitigation 
activity

Predicted 
savings
kt/CO2

Capex
Investment

£,000

Cost/ktCO2

saved
£,000

Comments

1 Enhanced power 
consumption monitoring

8.26

Opex savings in power 
reinvested in process 
optimisation hence no Opex 
savings reported.

2 Automatic Meter 
Reading (AMR) devices - -

Good potential for emission 
reduction but difficult to 
quantify hence none quoted

3 Pump performance 
monitoring/refurbishment

15.69

Opex savings in power  
reinvested in pump
refurbishment hence no 
Opex savings reported.

4 Water meter – demand 
reduction 3.00 - -

Main driver is demand 
reduction hence Capex for 
metering covered elsewhere

5 Real time process 
control 2.48

6 Optimisation of sludge 
transportation and 
treatment

- - -

Feasibility at this stage 
hence no emission reduction 
quoted. 
Note: 15 ktCO2e savings 
reported for AMP 5 in Draft 
Business Plan.

7 General operational 
optimisation 

- - -

Savings delivered during 
remainder on AMP 4 
therefore not reported here.
Note: 11 ktCO2e savings 
reported for AMP 5 in Draft 
Business Plan.

8 Hydro recovery 3.07
9 Brighton & Hove CHP

- ROC sold hence no 
reportable carbon savings

10

Other CHP 
Opportunities

- - ROC sold hence no
reportable carbon savings

Totals 32.50

C.8.2.16 Operational emissions in 2014/15

SWS’s Operational emissions in 2014/15 have been estimated based on:

• 2007/08 JR08 data;

• Estimate for the remainder on AMP4 out to 09/10; and

• Calculated AMP5 additional emissions.

2007/08 Emissions

The 2007/08 emission data has been derived from the UKWIR GHG workbook output that 
formed the basis of the JR08 submission.  To determine the split between ‘Carbon’ and ‘Other 
GHG emissions’ the CRC output has been used for the ‘Carbon emissions’ and the difference 
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between CRC and Defra output figures has been used to determine the ‘Other GHG 
Emissions’ which includes process emissions and CO2 emissions from transportation. 
Allocation of Administration and Transport emissions has been pro rata’d across water and 
sewage services in proportion to the Carbon emissions.

While it is recognised that energy is accounted for differently between CRC and Defra in 
terms of the emission factors for Grid electricity the UKWIR GHG workbook has used the 
same emission factor on the assumption that CRC would be brought into line with the Defra
emission factor of 0.523 kgCO2/kWh and we have assumed the same emission factor for 
2014/15. Other accounting differences such as the uplift on emissions for estimated metering 
are not considered significant and the difference in the approach to the import of ‘Green 
Electricity’ is not relevant to SWS.

Emissions out to the end of AMP4 (2009/10)

In our Draft Business Plan submission we reported a predicted growth in emissions in AMP4 
of 1.5% year on year. Whilst we are still expecting our ‘business as usual’ emissions to 
increase  to the end of AMP4 we are predicting that the savings from our current process 
optimisation and energy efficiency initiatives will mitigate these increases resulting in a 
levelling out of our operational emission out to the end of AMP4.

AMP5 Additional Operational emissions

From our detailed carbon accounting of all our proposed AMP5 interventions we are able to 
predict our additional operational emissions out to 2014/15.

A summary of predicted operational emissions in 2014/15 for water and sewerage services 
are summarised in the following table:

Table C.8.29 – Carbon accounting for Water Service

AMP4
(kt CO2e)

AMP 5
(kt CO2e)

Total
emissions
(ktCO2e)

07/08 08/09 09/10 10/11 - 14/15 14/15

Carbon 
emissions 78.42 78.42 78.42 1.06 79.48

Other GHG 
emissions
(Including 
CO2

emissions 
from 
transport)

2.43 2.43 2.43 0.00 2.43

Table C.8.30 – Carbon accounting for Sewerage Service

AMP4
(kt CO2e)

AMP 5
(kt CO2e)

Total
emissions
(ktCO2e)

07/08 08/09 09/10 10/11 - 14/15 14/15

Carbon 
Emissions 152.13 152.13 152.13 20.89 173.02

Other GHG 
emissions
(Including 
CO2

emissions 
from 
transport)

75.58 75.58 75.58 35.10 110.68
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C.8.2.17 Overview of AMP5 Programme Emissions

The embedded emissions associated with constructing the proposed interventions and the 
associated additional operational emissions have been calculated and are summarised below 
against the individual scheme drivers: 

Water Service

Base Service – emission are dominated by the embedded emissions associated with the 
Water Supply Works Service model outputs.

Enhanced Service Levels – Mains rehabilitation in Woodmans Wood (Zone 1 Option) 
dominate the embedded emissions.

Supply/Demand balance – Testwood WSW improvements dominate the embedded and 
operational emissions. The Meter installation programme also significantly impacts on the 
embedded emissions.

Quality Enhancement – Negligible impact on embedded and operational emissions.

Table C.8.31 – Carbon emissions for Water Service

Operational Embedded

Carbon 
Emissions
(ktCO2e)

Other 
GHG 

Emissions
(ktCO2e)

GHG 
Emissions

to build
(ktCO2e)

Base Service 0.00 0.00 365.68

Enhanced service 
levels 0.00 0.00 4.96

Supply/demand 
balance 0.58 0.00 79.05

Quality enhancements 0.48 0.00 1.34

Totals 1.06 0.00 451.04

Waster Water Service

Base Service – operational emissions are dominated by the proposed carbon mitigation 
schemes which have resulted in a negative emission value. Embedded emissions are 
dominated by the Treatment Works and Sludge Treatment Centre Service model outputs.

Enhanced Service Levels – operational and embedded emissions are as a result of a large 
number of relative small scale schemes.

Supply/Demand balance – negligible impact on embedded and operational emissions.

Quality Enhancement – operational emissions are dominated by Ashford WTW, Goddards 
Green WTW and Brighton & Hove WTW. Embedded emissions are dominated by the Ashford 
WTW and Woolston WTW Transfer schemes. Note we have not accounted for Brighton & 
Hove embedded emissions as we expect that construction will have commenced during 
AMP4.
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Table C.8.32 – Carbon emissions for Sewerage Service

Operational Embedded

Carbon 
Emissions
(ktCO2e)

Other GHG 
Emissions
(ktCO2e)

GHG 
Emissions

to build
(ktCO2e)

Base Service -29.17 0.00 4.88.54

Enhanced service 
levels 4.16 0.00 18.88

Supply/demand 
balance 0.84 0.33 14.85

Quality enhancements 45.06 34.77 90.74

Totals 20.89 25.10 613.01

In our Draft Business Plan submission we highlighted our aim to reduce our operational 
emissions in 2014/15 by 10% from a 2008/09 baseline. At this time our analysis was based 
on an estimated emission growth of 1.5% year on year. Since the submission of our draft we 
have had the opportunity to evaluate the impact of our proposed AMP5 plan in detail and we 
are now predicting a significant increase in our operational emissions.

The main increase is due to the Waster Water Quality Enhancement schemes which have 
significant ‘Carbon’ and ‘other GHG’ emissions of over 47ktCO2e and more than cancel out 
the carbon savings from our proposed carbon mitigation schemes.

The following graphs indicate the predicted increase in our operational emissions over the 
remainder of AMP4 and to the end of AMP5 reported under Defra and CRC guidelines. The 
graphs detail the ‘business as usual’ emissions (blue line) assuming no carbon mitigation and 
the predicted emissions with carbon mitigation (green line).
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Figure C.8.1  - Predicted Operational Emissions out to 2014/15 based on Defra reporting
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ktCO2 Emissions - CRC reporting
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Figure C.8.2 – Predicted Operational Emissions out to 2014/15 based on CRC reporting
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Appendix C8.1 – SW CBA – PR09 CBA 
Support - Response to Ofwat DBP 
Feedback (C1)

eftec, 16th March 2009

1. Introduction

The following sets out our suggestions to Southern Water (SW) for responses to Ofwat ‘Draft 
business plan feedback – Annex 8 CBA’ with respect to ‘C1 – Customer research’ in light of 
the peer review comments from NERA (13th February 2009). 

Comments received from Ofwat focus on the following aspects of the PR09 customer WTP 
survey:
i). Comparison of estimated choice experiment (CE) and contingent valuation (CV) values;
ii). Identification of protest responses within CV responses; and
iii). Sample representativeness in terms of customer service experience.

Responses to each of these issues are discussed in turn.

2. Comparison of CE and CV results
Ofwat’s comments concentrate on the purpose of the CE-CV comparison and in particular 
whether CE values should be ‘scaled back’ on the basis of the CV results (this is what is 
implied by the comment from Ofwat that “you have not used the results for anything other 
than to test convergent validity”)9. We reaffirm that the objective of the CV question in 
this study was to provide a test of validity. Whether CE values should be scaled by CV 
results is an empirical issue that must be advised by the available data10. We do not 
propose ‘scaling back’ of CE values for the following reasons.

Non-parametric analysis of CV responses provides the lowest bound estimate
Ofwat state: “Your results show the CV results are lower than the combined choice 
experiment results for residential customers”. However, this is not quite true, as there is 
no statistically significant difference between the two results (see Section 7.1, Page 61 of 
the WTP report). The 95% confidence intervals for the CE and CV overlap meaning the 
actual means could be the same or even in the opposite order (but not statistically 
different). Hence what is observed is evidence of convergent validity, with the WTP report 
concluding that, “there is therefore strong consistency in the present set of results, and no 
evidence that the CE WTP results should be adjusted in order to be used further during 
subsequent use in CBA” (page 61).

  
9

To recap, the rationale for including the CV question in the customer survey was to investigate the 
‘packaging effect’ issue (or the effects of substitution between attributes), which is a form of 
convergent validity test. In short, it is a case of ‘the sum of parts may exceed the whole’; when CE 
values are combined over a set of service attributes (e.g. a ‘package’) there is an observed tendency 
for this to provide a higher ‘benefit’ estimate than would be observed via a CV question for the same 
package of attributes (see Section 2.3 of the WTP report). The package considered in the WTP study 
was the maximum possible improvement for the 7-8 attributes seen by respondents (the status quo to 
level 2 improvement for each attribute).
10

For see for example: Scarpa, R. and Willis, K.G. (2006) 'Distribution of Willingness-to-Pay for Speed 
Reduction with Non-positive Bidders: Is Choice Modelling Consistent with Contingent Valuation?' 
Transport Reviews, 26:4, 451 – 469.
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Further, the CV estimate highlighted in the report and under scrutiny here represents the 
lowest bound estimate possible using the available data. As detailed in Section 6.2.2, CV 
WTP is estimated via the non-parametric Turnbull algorithm (also called ‘pooled adjacent 
violator algorithm’) which is more conservative – i.e. gives lower unit value estimates - than 
parametric approaches11. The method is inherently cautious in its assumptions. A thorough 
explanation of the method is provided in the report, but two main points regarding its 
application are that it:

• Determines the proportion of negative responses to a given bid level; and

• Following appropriate smoothing, estimates mean WTP by assigning the bid level 
below the refused bid level.

So for example, after determining the smoothed cumulative distribution, if 30% of 
respondents rejected a £10 bid level, these respondents are assigned a WTP based on the 
bid level below £10, which in the questionnaire was £0. And if the next 3% of respondents 
would accept £10, but reject £20, that 3% are assigned a WTP of £10. In reality, each of 
those 30% of respondents that reject £10, do not necessarily have zero WTP, but potentially 
a WTP somewhere in the range of £0 to £10. So by assigning the lowest possible value of 
each range, the Turnbull estimator should be viewed as conservative, providing a lower 
bound estimate.

Table 1 compares the Turnbull estimates (from the residential survey) highlighted in the 
report to one with estimates from slightly less conservative, but still reasonable 
assumptions. In the “illustrative” estimation, the mid-point rather than the low-point of 
the interval is assumed to accord to respondent WTP. For example, rather than assume 
those 30% that said no to £10 have zero WTP, we instead assume they have a WTP of £5, 
the mid-point. Under these assumptions – as shown in Table 1 - WTP for two of the three 
blocks is now higher than the CE package estimate. 

Table 1: Comparison between WTP estimates (residential) (£ per household per year)

Blocks CE
CV (non-

parametric, 
conservative)

CV (non-parametric, 
‘illustrative’ estimation)

CV (parametric)

WTP for 
package

Lowest point of 
range

Mid-point of range Excluding protests

ES & SS £41.50 £32.00 £37.00 £62.30

WS & SS £31.90 £30.90 £35.90 £57.40

WS & ES £37.00 £32.80 £37.80 £73.50

It should also be noted that when estimated using parametric methods (final column in 
Table 1) the CV results were much higher than either the Turnbull estimations or those 
from the CE results. The parametric CV analysis and results are presented in Annex 5 to the 
report. Primarily this is not preferred over the non-parametric result because of the 
requirement to assume a distribution for WTP (which effectively is unknown) and estimated 
values can be very sensitive to this assumption12. 

Administration of attribute blocks in the CV question
Ofwat highlight that respondents were only presented with 2 out of the 3 possible attribute 
blocks in the CV question; hence respondents did not see all 11 attributes at once. Ofwat 
then suggest that if respondents had seen all 11 attributes this would have elicited a lower 

  
11

See for example: Haab T. C. and K. E. McConnell (2002) Valuing Environmental and Natural 
Resources: The Econometrics of Non-Market Valuation, Edward Elgar Publishing, Cheltenham.
12

Note that consideration of the parametric results would imply consideration of scaling CE results 
upward.
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value13 and that WTP from CE should be scaled down accordingly. We do not agree with 
Ofwat’s comment for the following reasons. 

• Cognitive burden

Ofwat do recognise that cognitive limitations are a factor in administration of the CV 
question; i.e. it would be difficult for a respondent to simultaneously evaluate changes to 
11 attributes plus the bill attribute, especially since information about the attributes they 
did not see in CE will also need to be provided. 

Ofwat state that: “you often imply that the respondent was shown all attributes and not 
just the attributes they were presented with in the choice experiment”. However, the 
report clearly states that respondents were only presented with 2 out of the 3 blocks. This 
excerpt is taken from Section 6.1 (page 50 – emphasis added):

• The CV question presented a choice between two alternatives to each respondent: 
• To pay a specified cost (randomly selected from a set of prices, varied across the 

respondents) for a package consisting of the highest levels of improvements (Level 
+2) to all the attributes in both the blocks they had seen during the CE exercise, or

• Stay with the current level of service and no bill increase.

Furthermore Tables 6.1 through to 6.4 clearly show the different CV question attribute 
block combinations (this is for residential sample, but business results are presented 
identically). Finally, Section 3.2 in the report discusses the allocation of blocks to relevant 
sub-samples based on services received by customers (on the basis of the breakdown of the 
customer base by services received). 

• The distribution of SW’s water and/or wastewater services

Not showing all 11 attributes to all respondents is not a significant issue for SW as it may be 
for other companies. The nature of the SW customer base (a mix of water and sewerage, 
sewerage only and water only customers) implies that for around 50% of the population of 
interest, at least one of the attribute blocks is irrelevant14. 

• Focussing bias

In addition to cognitive difficulty with presenting all attributes at once, the principle 
concern with this approach is that the respondents will resort to simplifying heuristics; the 
most likely of which would be focussing on the proposed bill amount (which was randomly 
assigned from a range of values £0-£100) and ignore changes in other attributes. The effect 
of this so-called ‘focussing’ bias is usually an under-estimate of WTP for the package of 
attributes and this would actual imply a greater difference between CE and CV results than 
it really should.

In summary, the cognitive burden and focussing bias issues provide a strong case for the 
approach adopted for the CV question in the survey. With this it is possible to hypothesise, 
as Ofwat does, that CV could be over-estimated. However, given that many respondents 
actually saw the total number of attributes relevant to them (due to the split of water only 
and water and waste water services), omission of one of the blocks from the CV versions is 
not a significant issue (and as established above, the purposes of the CV question was to 
provide a validity test of the CE results). In fact, it is possible to hypothesise that the 
alternative approach alluded to by Ofwat would under-estimate WTP due to focussing. 

  
13

To clarify, the expectation should be that WTP for 11 attributes would be greater than WTP for the 
7-8 attributes seen, but that the ratio of CE-CV values would be lower for the former case, hence: 
CV(7-8 attributes)/CE(7-8 attributes > CV (11 attributes)/CE(11 attributes).
14

See Table 3.4 in the WTP study report. Approximately 49.2% of the SW customer base receives both 
water and sewerage services, which is the proportion of the population to which all 3 attribute blocks 
are relevant.
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Taking these points into account, the suggestion from Ofwat that CV results be used to 
scale back CE values is unfounded. 

Moreover, arguably the CE-CV comparison is of little import in instances where SW are not 
proposing a set of investments that are approaching the maximum possible improvements 
for a substantial proportion of service attributes (i.e. level 2). If the improvements are less 
than level 2, it is possible to suggest that substitution effects (which are posited to give rise 
to the CE-CV disparity) are less prevalent and ‘initial’ improvements in service should be 
given their full weight rather than scaled back15. 

3. Identification of Protest Responses
In their comments, Ofwat also state that: “We are concerned by the high number of protest 
responses excluded from the CV results. The approach using verbatim responses to elicit 
reasons for making choices is reasonable but is susceptible to errors as it requires the 
interviewer to decide which reason to attach the response to.” 

The protest rate, which is approximately 40% across the total sample, may be viewed as 
‘high’ in relation to valuation studies in general, but is not believed to be high in the given 
context. There is significant negative public perception concerning water companies (e.g. 
that water companies are profiteers and charge too much, or utilities should never have 
been privatised). As such, valuation surveys related to water companies regularly attract 
high protest rates. So the protest rate in the SW study should be judged in the context of 
other similar water company surveys (see below also).

Concerns as to coding error should be minimal, however, since responses were coded by 
eftec analysts as part of the analysis of the CV data on the basis of respondents’ verbatim 
responses; i.e. not by codings provided by interviewers at the time of the interview. A 
transparent account of the criteria used to identify protest responses is detailed in Section 
6.2 of the WTP report16. The coding categories are presented in Table 2 (Table A1.13 of 
Report/Annex) with protest categories highlighted.

Table 2: Q5b1. Reason for answering ‘No’ to the proposed improvements

Frequency Percent

I object to the proposed investments 1 0.1

I object to paying higher water bills 144 14.0

Water companies make enough profits as it is 66 6.4

I object to water companies being privatised 8 0.8

The water company should pay for this 69 6.7

The water company is inefficient 52 5.1

The government or council should pay for this 14 1.4

I do not believe these improvements would actually happen 43 4.2

I'd like to have more information before making a decision 8 0.8

I cannot afford to pay 248 24.1

The improvements of these services are not important to me 49 4.8

I think the level of service is already good enough 211 20.5

Other 105 10.2

  
15

Since a CV question for a ‘level 1’ package or any other intermediate positions was not asked in the 
WTP survey it is not possible to offer any empirical evidence in this regard, but this point is important 
in that it does emphasis the purpose of the CV question, which was to provide WTP evidence in 
relation to the maximum possible improvement in service.
16

Note that the analysis of CV responses also sought to identify ‘warm glow’ responses (which tend to 
inflate WTP estimates) in addition to protest responses, indicating a thoroughly appropriate and 
objective approach to this aspect of the study.
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Protest about the fine 11 1.1

Total 1029 100.0

Notes: Grey highlight indicates response classified as a ‘protest’.

The implication from Ofwat is that excluding protest responses will tend to inflate WTP. 
This depends on the assumption made about the ‘true’ preferences of the protesting 
respondents. The view implied by Ofwat is that, in the absence of protest motivations, 
respondents who protest would actually have systematically lower valuations of the CV 
package, than non-protestors. This then implies that the CV value(s) from the WTP survey 
are an over-estimate. There is no empirical evidence to support this. 

An alternative, and more common, assumption is that the true preferences of protestors 
are not different from the preferences of non-protestors. Therefore average WTP of non-
protestors will be an accurate reflection of WTP of protestors (that is, is no over- or under-
estimate of WTP) and hence the overall population. This is the view taken in our report. 
That view is supported by a recent paper (Mourato et al., 2008) that, in relation to a UK 
water industry major resource development proposal17, found no statistical difference in 
mean WTP when controlling for protest responses. In this study, respondents stating protest 
responses were presented with an additional portion of the questionnaire which asked them 
to set-aside their initial protest consideration and focus on the ‘worth’ of the good offered 
to them. It was found that there was no statistical difference in WTP when comparing 
initial protestors and non-protestors. This was true for both the parametric and non-
parametric methods of estimation.

Indeed, in this study we find that protestors and non-protestors are similar when comparing 
the socio-economic characteristics that are shown by the econometric model of 
determinants of WTP. There is no statistically significant difference in income, and 
negligible differences in socio-economic group, age, and sex between the two groups (see 
Table 3). In fact, based on these socio-economic factors, we might even expect protestors 
to have a slightly higher WTP than non-protestors.

Table 3: Socioeconomic Characteristics of Protestors and Non-Protestors

Non-protest
response

Protest response Difference

Implied 
Difference in 
Mean WTP of 
Protestors*

Income (mean)
(approximate)

£20,162 £21,338 +£1,176 +0.12

SEG (Median) C1 C1 n/a No change
Age (mean)
(approximate)

46.5 48.4 +1.9 -0.02

Male 47.6% 47.3% -0.3% -0.001
Solely responsible 
for paying water 
bills

56.9% 53.4% -3.5% +0.01

Notes: *Based on coefficients of preferred model in Table 6.8 of main report

The recommendation from Ofwat is that account is taken for uncertainty by considering 
sensitivity around the number of protests. Since the coding of protest responses is fairly 
categorical (the main reason given by a respondent is either a protest or not) there is 
limited scope to consider relaxing the criteria applied to establishing protest responses and 
assessing WTP with a different protest rate. Moreover as noted above, a conservative 
approach was in any case applied to estimating CV WTP and the WTP report fully endorses 

  
17

See: Mourato. S., Atkinson, G., Morse-Jones, S., and Provins, A. (2008) ‘When to take “no” for an 
answer? Using entreaties in stated preference studies’, Paper presented at 16th Annual Conference, 
European Association of Environmental and Resource Economists (EAERE), Gothenburg, June 2008.  
Available from: http://www.webmeets.com/EAERE/2008/Prog/viewsession.asp?sid=71  



Southern Water
Final Business Plan 2009
C.8  Cost Benefit Analysis and Carbon Accounting

- 77 -

the use of the sensitivity estimates (the 95% confidence interval) around the CE responses 
in CBA applications. Consideration of these points is viewed as offsetting any concerns of 
over-estimating CV WTP in relation to protest responses, whilst points raised in above in 
relation to the CE-CV scaling apply equally here.      

4. Sample representativeness in terms of customer service experience
The final issue raised by Ofwat concerns sample representativeness in terms of customer 
service experience. Whilst the WTP survey collected respondents’ self-reporting of 
problems with water and sewerage service within the last 12 months (see Table 4.7), the 
results are not compared to ‘official’ SW data. This is a minor omission from the WTP 
report and could be rectified in order to attempt to identify possible sources of bias.

In this regard Ofwat contend that, “If there are attributes where the proportion of 
respondents who had complained is significantly greater than would be expected in a 
random sample then WTP for these attributes could be inflated, or vice-versa”. Equally 
though it is possible to suggest that if a respondent has experienced a service problem then 
dissatisfaction with SW would lead the respondent to provide lower WTP for one attribute, 
or even all attributes, than would otherwise be the case. This might be especially true for 
those respondents reporting billing-related problems (approximately 6% to 6.5% across 
residential and business samples, which is the most common reported problem). The 
conclusion from this is that the expectation of any bias in this regard is ambiguous, but 
what can be stated with reasonable confidence is that given that the proportion of 
respondents indicating any of the issues listed in Table 4.7 is relatively low (usually less 
than 5%), the effect in any direction is likely to be negligible.

It is also useful to refer to the analysis of CV responses that establishes the key 
determinants of respondent WTP (See Section 6.2.3 for the residential sample). The 
estimated WTP function (the ‘preferred model’) seeks to control for a series of explanatory 
factors including the expected variables such as price (bid level) and household income, as 
well as other commonly tested variables such as altruistic tendencies and perceived 
credibility of the scenario. Note here that experience of service problems is not reported as 
being a significant determinant of WTP (having been ‘ruled out’ in initial testing 
specifications). Hence the implication is that even if the sample is unrepresentative in this 
regard, it is unlikely that this would have an undue effect on estimated values. 

5. Further Queries
In concluding, we propose two queries to be taken up by Southern Water with Ofwat, both 
requesting Ofwat to consider the merits of this study in light of similar RR09 studies carried 
out by other water companies. 

First, the Turnbull estimation method used to estimate CV WTP gives the most conservative 
WTP estimate possible. The query is then: do other water companies follow the same 
method of providing a conservative lower-bound estimate as a validity check of CE results? 
We currently regard reporting the Turnbull estimation method as likely to be beyond 
current practice for PRO9 studies. There may be cases where convergent validity does not 
occur and scaling back would be appropriate. However, in order to promote that 
appropriate application of scaling, it is also important to promote not scaling when 
convergent validity does occur.

The second issue is in relation to the protest responses: how does the protest rate in the 
SW study compare to that in other water companies’ surveys and have other water 
companies been as explicit in their identification of protest responses?
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