


Preface 

This manual explains the steps and methods used to make a Business Case.  A Business Case must 
be made for any proposal for change.  But how do such proposals arise? Transport for London is 
charged with ensuring that best use is made of the limited funds available. There is a continuous 
process of review, intended to identify valuable opportunities for change. The checklist below sets 
out the possible grounds for change.  Most proposals are based on a combination of these, but an 
understanding of the prime motivator for a proposal may help the appraiser to identify and quantify 
the appropriate items when making a Business Case. 

Why Spend? - Checklist 

1. Compulsion

• Meet statutory requirements

2. Cost effectiveness

• Avoid age related costs

• Introduce new, cheaper to run alternative

3. Risk avoidance

• Reduce potential service disruption/worsening

• Reduce safety/accident risk

4. Enhancement of primary services

• Benefit customers, staff or stakeholders

• Generate added demand and revenue

5. Generation of secondary income

• Generate revenue from vending, advertising etc.

As we demonstrate in the manual, it is not enough to show simply that a proposal can be justified 
by making a case for it against any one of these headings.  It is also necessary to estimate the size 
of the net benefit by assessing the total impact on areas 2 to 5, and to investigate options to show 
that none of the possible alternatives gives better overall value than the one proposed. 
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Business Case Development Manual Introduction 

1. Introduction
1.1 Purpose of the Manual 

The aim of the Business Case Development Manual is to provide a uniform framework for the 
evaluation and presentation of business cases across Transport for London (TfL). This will enable 
authorising bodies within Transport for London and its subsidiaries, and the Department for 
Transport (DfT), to make informed decisions on whether to approve proposals for change.  
Business case appraisal is an essential part of all stages of expenditure planning throughout TfL and 
all its subsidiaries.  

All business cases involving capital expenditure, changes in day to day operating expenditure, and 
the setting and revision of engineering and other standards should be prepared according to the 
requirements of this manual.  

However, major strategic changes (such as railway extensions and intermediate mode schemes) will 
require more sophisticated demand modelling than is described in this manual.  In addition, major 
projects which have a potentially wider network effect such as line extensions or large-scale 
interchange schemes are likely to require the more extensive Five Case format business cases and 
follow the DfT’s requirements as set out in WebTAG.  

The Public Service (Social Value) Act 2012 requires a contracting public authority to consider how a 
proposed procurement might improve the social, economic and environmental well-being of its 
area. Following the processes and procedures set out in this manual will ensure that the business 
case is compliant with this Act. 

1.2 How to use the Manual 

Section 2: ‘Concepts and Principles of Appraisal’ is intended to help managers determine the 
framework for the appraisal of their projects.   

Section 3 onwards describes various financial effects that need to be considered in appraisal.  
These sections largely deal with what goes on the bottom of a benefit to cost ratio. From section 
10 onwards different aspects of social benefits are dealt with.  As well as the quantified 
approaches feeding into the top of a benefit to cost ratio, wider approaches such as multi-criteria 
analysis and management of value are summarised. 

Data has now been removed into online spreadsheets in the same way that WebTAG uses a data 
book.  These can be found on the Business Case Working at TfL Page: http://intranet.tfl/our-
organisation/strategy-and-planning/Developing-business-case.aspx 
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The first two bullet points can be supported by any relevant quantified or qualitative analysis. In 
addition the first bullet point can also be supported by relevant diagrams, maps or photographs 
that help make the case (in an appendix where extensive or peripheral). 

2.2 The Purpose of Appraisals 

The purpose of an appraisal is to identify the effect that a course of action will have both on the 
finances of TfL and on “securing efficiency, economy and safety of operation in ... transport 
services” [Greater London Authority Act 1999]. The achievement of efficiency is interpreted here 
as the following business objective:  

To maximise net social benefit within available funds 

The objectives of a project must be stated as precisely as possible, referring to specific outputs 
against which the project can subsequently be monitored. Where appropriate, these objectives 
should be related to those of the relevant part of the business, those of TfL overall, and those set 
by the Government. For example, TfL is under a statutory obligation under Health & Safety 
legislation to reduce safety risks to a level which is ‘As Low As Reasonably Practicable’ (the ALARP 
principle). Another example (from DfT’s appraisal guidance) is that, wherever appropriate, the 
intended level of accessibility for people with mobility handicaps should be indicated. 

The substantive provisions of the Social Value Act 2012 require that TfL considers: 

• How what is being procured might improve the economic, social and environmental well-
being of its area (addressed by producing a TfL business case)

• How that improvement might be secured (the business case and benefit realisation strategy
should be robust)

• Whether TfL needs to consult on the potential improvements themselves or how they
might be secured (See Sponsorship Handbook and Stakeholder Engagement Plan)

Note that producing a TfL-compliant Business Case satisfies the first two requirements. 

Project development must ensure that an appropriate range of options is considered so as to 
enable TfL to meet its statutory responsibilities with due regard to efficiency, economy and safety.  
One of these options will be a base case which might be to continue to operate as now or to 
minimise the potential consequences of asset deterioration, and the other options will be to 
implement a change which will benefit TfL by ensuring that total benefits exceed costs. Where the 
project has an impact on safety, the appraisal needs to identify whether the base case can be 
demonstrated to be ALARP, or if not which option would be required to satisfy this principle (see 
Section 15: Safety). 

Appraisals should be used not only to select the best projects, but also to identify the best 
operating procedure (for example trading off maintenance levels against failure rates and service 
availability).  For proposals in both categories, those with the best benefit:cost ratios should 
normally be selected for implementation, until all available funds are exhausted.  (Benefit/Cost 
Ratios are described in Section 2.7.7). If there are material impacts that are not included in the 
benefit to cost ratio, multi-criteria assessment and judgement will also need to be applied.  Where 
the investment prioritisation process excludes projects which have been identified as necessary to 
ensure that safety risks are ALARP, priority should be given to such projects unless a case can be 
made for programming implementation at a later stage. 
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2.3 Definition of a Base Case  

In appraising a project, the effects of doing it must be compared with the effects of not doing it.  
Often this involves literally comparing the results of the project options with the results of doing 
nothing or continuing as now (e.g. maintaining an old asset).  However, in some cases doing nothing 
may not be the most sensible base (for example if a decision needs to be taken on the closure of a 
station or a line).  In such cases an alternative base case may be appropriate such as:  

• replacing like for like (if still available)  

• replacing with a modern equivalent  

• delay replacement by one year (if the only question is when to replace) 

• closing a facility down 

Essentially the requirement is to define the minimum realistic alternative to the proposed course of 
action.  If this is not "do nothing" an explanation will be needed.  The definition of the base 
scenario may take account of: 

• LUL Development Plans affecting the assets (where these have already established a 
business case for a certain level of spend) 

• the achievement of required standards (again, where a business case for a certain level of 
spend has already been established) 

• legislative requirements 

2.4 Development of Options  

2.4.1 Generation of options 

In order to give decision makers confidence that a particular project is the best way to achieve an 
objective, a range of alternative options with similar objectives needs to be defined and appraised 
in a consistent way. To give real confidence these options must be realistic practical ways of 
achieving the objective; they must cover all the reasonable alternatives available, whilst at the same 
time being limited to a manageable number. Options must also take account of any commitments, 
which may have been expressed in Environmental Reviews of the investment programme, to 
consider specific environmental issues. 

Options may represent either an enhancement or a downgrading compared to the base, or they 
may involve a re-scheduling of the base programme.  

Other factors which should be considered when assembling options include the following: 

• timing: deferring or bringing forward implementation dates 

• scope: cutting back on full implementation 

• standards: enhancing or reducing specification 

• synergy: in combination with other projects some options may score particularly well or, 
alternatively, simultaneous implementation at a site could create problems; business plans 
can help identify the opportunities for synergy 

• corporate image and the value of company-wide or corporation-wide consistency 
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2.4.2 Treatment of options 

For many appraisals an incremental approach to option selection is essential.  Thus in appraising a 
proposal to provide new lifts at a station it is important to consider the incremental costs and 
benefits of providing one, two, three or four lifts.  The four lift option appraisal as a total project 
may have a satisfactory benefit/cost ratio, but the incremental investment in the fourth lift 
compared with the third may have a low ratio.  In this way the appraisal can identify the optimum 
level of investment in new facilities. 

Where there are a large number of options, a matrix showing the ‘score’ of each option against a 
variety of criteria could be useful in eliminating and shortlisting. The following factors should be 
considered when using this approach. 

If the scores are to be aggregated, try to arrange the ‘levels’ (e.g. low, high, poor, good, etc.) of each 
criterion in such a way that a given score for one criterion indicates the same order of importance 
as the same score for another. An alternative approach is to use different weightings for the 
criteria. Such assessments are inevitably subjective, and the robustness of the assessment system 
will be improved if several people (with the relevant specialist knowledge) contribute to the 
process. To the extent that a number of independent judgements about the suitable 
levels/weightings are reasonably consistent, the assessment system will have improved credibility. 
Similarly, when the system is actually used to compare options, it will make the case for choosing 
the preferred option(s) stronger if a number of independent assessments tend to coincide. 

• Try to avoid overlaps, i.e. where one criterion duplicates part of another. 

• Sometimes a high aggregate score for an option would be misleading, if perhaps a zero for 
one criterion rules it out completely. It might be helpful to highlight those items where a 
zero score would virtually rule out the option. 

• It should be emphasised that such a matrix, whilst being useful for sifting through options 
and for providing background information to go with the business case, is NOT a substitute 
for a business case; in assessing the advantages and disadvantages of a short list of options, 
the usual costs and benefits must be calculated.  

2.4.3 Options with enhanced standards of urban design 

Options exhibiting high quality urban designs should be carefully considered.  

Contributions to improved urban design should be considered in the Strategic Assessment 
Framework, (see Section 2.9 below). An indication of the townscape appearance both before and 
after the proposed scheme should be provided, and the strength of public support for the design 
should be verified.  

Some aspects of Urban Realm can be monetised into the benefit to cost ratio, see ambience values 
in the Ambience Benefit Calculator spreadsheet. Further guidance on the Urban Realm and other 
tools such as the Valuing Urban Realm Toolkit can be found in 16.4. 

2.5 Identifying Costs and Benefits 

2.5.1 Financial Costs 

For projects, costs must be calculated for the whole life of the assets involved in the project.  For 
operating changes, a single year may be adequate if there are no "up-front" costs.  Costs should 
include: 
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• One-off costs e.g. construction costs, purchase cost etc. 

• Part life costs e.g. main overhauls, renewals etc. 

• On-going costs e.g. annual maintenance, fuel, staff, energy, overheads etc. 

• Reductions in fares revenue (including during construction) 

• Reductions in other revenue (e.g. advertising, vending machines) 

• Cost increases in other TfL areas 

• Compensation to landowners etc. 

• Redundancy payments 

• Professional services – design, legal, management etc. 

• TfL support costs – IT, HR, Property and Facilities (see Section 9.2 for the Support Services 
Rate Card). 

2.5.2 Financial Savings 

As a result of business plan or Spending Review pressures, TfL is always looking to secure 
significant cost savings.  Consideration should be given to whether the project will generate any 
savings. 

All of the following should be included in a business case if applicable, however only those that are 
cashable (i.e. the net financial cost to the business is reduced, freeing up funding to use elsewhere) 
should be included in formal Savings and Efficiency reporting. 

Savings and other financial benefits must also cover the whole life of the assets and should include: 

• Avoidance of one-off costs e.g. savings in redundancy costs 

• Avoidance of part life costs  

• On-going savings in operating costs 

• Cost savings in other TfL areas 

• Delivering the same services with less resource or delivering more or better services with 
the same resource through: 

- Securing / negotiating lower prices for goods and services 

- Changing working methods 

Other important, but more difficult to quantify, financial savings include organisational benefits 
such as: 

• Better management information 

• Improved corporate image. 

Financial savings can be calculated using the same methodology as calculating costs.  This should 
include assumptions for optimism bias and inflation.  Where insufficient information is available, 
the TfL Benchmarking team may be able to provide further information to aid calculation. 
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2.5.3 Other Financial Impacts 

Other financial impacts must also cover the whole life of the asset and should include: 

• Changes in fares revenue to public transport as a whole 

• Changes in other revenues (e.g. advertising, vending machines) 

• External contributions e.g. by developer 

• Residual value of assets at end of project life 

2.5.4 Benefits/disbenefits 

Monetised social benefits include 

• changes in time for all components of passengers' journeys: 
- travelling time 

- waiting time 

- access times 

- interchange times 

• “ambience” benefits/disbenefits: 
- appearance 

- ride 

- noise 

- perceived security 

• pollution – greenhouse gases CO2, and local air quality NoX and PM10 

• health benefits from physical activity 

• safety benefits/disbenefits 

2.5.5 Wider Impacts 

Wider economic, social or external impacts, for example: 

• regeneration benefits 

• social inclusion benefits 

should also be quantified or described if the effects are significant. See Section 19: Economy for 
further information on impacts on the economy such as uplift to Gross Domestic Product (GDP) 
otherwise known as Gross Value Added (GVA).. 

Any social benefits and disbenefits during implementation shall be quantified, including any specific 
external effects (e.g. effects on local traffic and businesses). 

2.6 Quantifying Costs and Benefits at Current Prices 

For all options, costs and benefits shall be calculated in comparison with the base option at 
constant prices.  Costs and benefit streams over the life of the project shall then be discounted to 
give present values in the base financial year over the whole appraisal period.   
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Methods of calculating costs and benefits are given from Section 3. 

2.7 Carrying Out an Appraisal  

2.7.1 Appraisal period 

For projects where assets are procured, appraisals must cover the whole life of the proposed 
assets (including disbenefits during construction). This is to ensure that all the attendant costs of 
assets e.g. half life overhauls, and annual maintenance costs etc. are included, and that incorrect 
evaluations do not result from different phasing of these costs between the alternative options.  
All options must be evaluated over the same appraisal period, and accordingly, a longer rather than 
a shorter appraisal period shall be used. A list of selected asset lives is given in Table 2-1 below. 

The nature of the discounting process (described below) means that the contribution to present 
values decreases for the later years, so the importance of using very detailed forecasts decreases 
for the later years of the appraisal period.  However, these forecasts must still be made and 
recorded in the appraisal.  The likely increase in annual maintenance costs as an asset gets older 
must be reflected in the costs and then compared with the option of earlier replacement with new 
assets. 

It is not always possible to pre-determine the economic life of an asset.  That may depend upon 
the later costs of continuing to maintain the asset in comparison with savings arising from 
replacement – see section 6 on Lifecycle Costing.  The following asset lives are therefore offered 
only as guidance in deciding an appropriate appraisal period. When in doubt, make the period 
longer rather than shorter.  It should be noted that extending the appraisal period does not affect 
the "life" of the asset. 

Asset Type Sub-Group Useful Life 

Rail Cars  35 - 40 years 

Buses   3 (RMs) - 10 

Bus shelters    10 

Bus electrical e.g. ticket machines, depot readers, 
security systems etc. 7 

Underground electricity supply 
equipment   25 - 40    

Escalators (Underground stations) 40 

 (Bus stations) 20 

Lifts  (Underground stations) 40   

 (Bus stations) 20 

Plant, Machinery and equipment  10 - 30    

Computers - Hardware 3 - 10     

 - Software 5 

Radio, TV, and office equipment    10 

Road vehicles  3 - 10 

Table 2-1: Useful Life of Assets 
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In some projects there may be options with economic lives of different lengths. For these 
appraisals it may be appropriate to use an equivalent annual cost methodology or other Lifecycle 
cost approaches (see section 6). 

For some schemes with staggered options or where different items of scope last for different time 
periods there are other approaches to ensuring a fair appraisal.  Benefit streams can be truncated to 
reflect the life of the asset in advance of the benefit stream for the main asset, which is the 
preferred approach as it reduces the potential for error.  It is also possible to use repeated re-
investment cycles and a continued benefit stream.  It is also possible to use residual values.  

2.7.2 Constant prices 

All costs, revenues and benefits used in the evaluations must be computed at constant prices for 
the base price year.  This is normally taken as the year in which the appraisal is undertaken.  All 
costs, revenues, and benefits must then be computed at that year's prices to remove any effects 
due to price inflation.  Note that where unit costs and benefits are likely to rise at a different rate 
than the general level of inflation (for example staff costs), then any real increases shall be reflected 
in the costs and benefits over the appraisal period.  Only the effect of general price rises as 
measured by the GDP Deflator shall be removed from the calculations. This approach is coded into 
the standard Business Case Model spreadsheet. 

2.7.3 Discounting costs and benefits 

The purpose of discounting costs and benefits to a base financial year (see below) is to bring all 
options to a common basis regardless of the timing of their costs and benefits.  It reflects the 
social time preference for money as defined by HM Treasury and TfL and the public sector is not at 
liberty to vary this assumption. To do this the real cost of capital as expressed by the discount rate 
must be used.  At a discount rate of 3.5% then £100 which is not spent this year will be worth 
£103.50 next year. Similarly, if we need to spend £100 in a year’s time then that is equivalent to an 
expenditure of just £96.62 now i.e. 100/(1+3.5/100).  Thus the present value (PV) of an expenditure 
of £100 in one year’s time at a discount rate of 3.5% is £96.62.  Similarly, the PV of an expenditure 
of £100 in three years time at a discount rate of 3.5% is £90.19 (100/(1+3.5/100)3). This calculation 
is separate to any assumptions about inflation. 

All costs and benefits over the appraisal period must be calculated in present value terms for the 
base financial year.  When this has been done it is possible to compare options which have 
different timings of costs and benefits.  This is known as discounting all costs and benefits back to 
their present value in the base financial year.  In financial calculations the discount rate reflects the 
real (net of inflation) cost of capital.  As all investment in TfL projects is underwritten by the 
Government, all appraisals use the Treasury discount rate. 

The discount rate currently used is 3.5% and can be found in the Business Case Model Spreadsheet 
on the Business Case Intranet page. Discounting will automatically take place in this spreadsheet. 

The base financial year is normally taken as the first year in which cash flows will be affected by any 
of the options under evaluation.  All costs incurred or benefits which accrue in future years should 
be discounted to their present value in the base financial year (year 0). 

2.7.4 The effects on revenue 

Many projects will alter the demand for TfL services, and hence the revenue received.  
Improvements to station lighting, for example, can make the service more attractive to passengers 
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2.7.7 Benefit to cost ratios 

The present value of costs, revenues and benefits for all options in comparison to the base option 
should now be presented to decision makers along with a recommendation on the proposed 
course of action.   

Decision makers will then have to determine the priority of each project's claim to the scarce 
resources available in the light of other competing projects.  To do this they will need to know the 
benefit to cost ratio of each of the options.  This is calculated by dividing the Net Present Value of 
passenger benefits by the Net Financial Effect. 

In order to choose between competing projects decision makers need to know the benefit:cost 
ratio of each project.  This shall be calculated as follows: 

Benefit to Cost ratio = Present Value of Net Social Benefit 

  
PV of Costs - PV of revenues 

 
Note that it is important that all revenue effects are included as negative costs in the denominator 
of the expression and not as benefits in the numerator. 

Authorising bodies will normally expect the benefit to cost ratio to be greater than one and usually 
greater than the benchmark for good value for money of 1.5:1. 

A higher target may sometimes be set to avoid frequent changes in plans; e.g. in bus service 
planning, higher ratios have been used to ensure that service levels are not increased and then 
decreased with short-term fluctuations in demand. On the other hand, lower targets may also be 
appropriate if a project provides wider benefits that are not fully captured in the ratio. 

The Business Case Spreadsheet: http://intranet.tfl/our-organisation/strategy-and-
planning/Developing-business-case.aspx calculates these statistics automatically.  A guide to 
interpretation of the Net Financial Effect (NFE) and Benefit to Cost Ratio (BCR)  is tabulated below. 

Top of BCR 
(Social Benefit) 

Bottom of BCR 
(Financial Effect) 

Decision making criteria 
 

Positive Negative Classic benefit to cost ratio. VfM if BCR >1.5:1 
Positive Positive Positive NFE and payback period. VfM – always 

try to do if cash flow allows. Check winners and 
losers in social benefits. 

Negative Positive Disbenefit to cost savings ratio. Do if ratio is 
less than 1:1, the smaller the better. 

Negative Negative Negative NFE. Not VfM. Try not to do unless 
forced (legislation etc.) Check why value not 
being expressed 

 

2.7.8 Sensitivity Tests 

Any factors which put the achievement of the project's value at risk must be listed and included as 
sensitivity tests as part of the appraisal documentation.   

The required components are: 
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• identify the key uncertainties (e.g. costs, demand, benefits, timescales for implementation), 
where possible estimating the probability and impact  

• identify the worst cases to give the maximum and minimum values they may take based on 
a realistic analysis of the possible risks, taking account of possible combinations of risks, 
where they are likely to occur together 

• input the results into sensitivity tests (see below) and re-calculate the benefit:cost ratio 

• “switching values” - identify any notable point at which the recommendation would change, 
e.g. “benefit:cost ratio remains below 1.5:1 until costs are reduced by 26%”. This kind of 
test is very effective if the chances of the scenario are known or very obviously low, but if 
not, it is of limited value unless the risk of it happening can be quantified. 

The standard business case spreadsheet automatically calculates a number of sensitivity tests and 
has the functionality to have user defined tests specified. 

The choice of sensitivity test should be defined using the judgement of the appraiser and be 
specific to each proposal and not based on pre-determined +/- X % variations.  This will illustrate 
the risks and ranges appropriate for the project in question.  

2.7.9 Volatility of Benefit to Cost Ratio 

TfL’s ratio is sometimes ‘volatile’, i.e. under certain circumstances it can react disproportionately 
to changes in benefits or costs. When the Net Financial Effect is negative and small (i.e. near the 
break-even point) the benefit:cost ratio is likely to be very high.  

Consider this example: 

 £000s NPV 
Costs -570 

Revenue derived from elasticity (0.28 times 
increase in Passenger Benefits) 

 
560 

Net Financial Effect -10 

Increase in Passenger Benefits 2000 

Benefit:Cost Ratio 200:1 

 

It is possible that only half the anticipated benefits will occur. This is quite plausible if the project is 
innovative / new, where there is no previous data to inform the estimate. The  case then becomes: 

 £000s NPV 
Costs -570 

Revenue derived from elasticity (0.28 times 
increase in Passenger Benefits 

 
 280 

Net Financial Effect -290 

Increase in Passenger Benefits 1000 

Benefit:Cost Ratio 3:1 
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and the benefit:cost ratio has plummeted from 200:1 to 3:1.  

Fortunately, the benefit:cost ratio is not liable to such disproportionate effects when the ratio is 
smaller. However, when larger ratios are involved, e.g. in the prioritisation of projects, it should be 
remembered that relatively small percentage changes can make a big difference. If a project with a 
25:1 ratio has its benefits reduced by 20%, for example, then typically the ratio will reduce to about 
9:1. 

This does not reduce the validity of prioritisation, but it does emphasise that differences may be 
more marginal than they appear. 

2.7.10 Incremental benefit:cost ratio 

An incremental benefit:cost ratio should be used to assess the extra benefit achieved by the extra 
cost of implementing a more expensive option (or a more expensive project, where different 
projects are being compared). The assessment is carried out in the same way as described in the 
previous section, i.e. dividing the increase in benefits by the increase in Net Financial Effect (both 
expressed in terms of Present Value). At one extreme a low incremental ratio could illustrate an 
increment in scope which is not justified, even though the project with this extra scope included 
has a satisfactory benefit:cost ratio. At the other extreme a high incremental ratio could justify the 
increment in scope, even though the project without this extra scope added would have a higher 
benefit:cost ratio –the justification consists in the increment itself potentially having better value 
than many other projects in TfL’s programme. However, note that the overall benefit:cost ratio of 
the preferred option against the base option will be the one that represents the project’s value. 

2.8 Measures of success 

2.8.1 Characteristics of Measures of Success 

This manual describes the quantification of benefits using standard methodologies. However, it is 
also important for a business case to identify measures of success specific to that project, so that 
the outcome of implementation can be evaluated. When reviewing the success of a project it is 
sometimes difficult to separate the project’s impact from that of others completed during the 
same era and wider external changes. In these circumstances project-specific measures can be 
used to establish whether or not the intended effects have been achieved. Characteristics of useful 
measures of success would include: 

• wide coverage of the areas of benefit which have been claimed, for example in a train 
refurbishment (see 2.8.2 below) the effect on door delays would cover only one aspect -
additional measures would be needed here to give a fuller picture of the outcome 

• not being influenced by factors other than the project 

• being as close to formal business indicators as possible, e.g. MSS scores where applicable, 
otherwise being simple / inexpensive to provide 

• statistics measured over a sufficiently long period to mitigate the effects of random 
variation 

2.8.2 Examples of Measures of Success  

Some examples of measures of success (there would usually be more than one measure per 
project) which a business case could plan for, to confirm that the claimed benefits are being 
achieved after implementation, are shown below. 
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Train refurbishment: Measured over year following project, door-related delays reduce 
from (current) 50 per period to average of 35 per period 

New computer system: When system has been running for six months, average response 
time to standard query is less than 15 seconds (where 
performance of local network is not a significant factor) 

Station congestion relief: Average time from leaving train to reaching UTS gates reduces by 
45 seconds -use median of 100 trips between 8.30 and 9.30 am. 
distributed  over 5 different days 

Staff training scheme: MSS score for “Staff willingness to help” increases by 15 points at 
stations where staff have participated in the training 

Table 2-2: Examples of Measures of Success 

2.8.3 Feasibility studies 

Measures of success are particularly relevant when developing proposals for feasibility studies. 
Often, the benefits and costs of eventual implementation are only very broad estimates at this 
stage. One of the measures of success (or “deliverables”, in this context) of the feasibility study 
itself could be a detailed business case. Others could include: 

• review of options, looking at incremental approaches, phasing, etc. and eliminating any 
options where further investigation is likely to be fruitless 

• establishing realistic demand scenarios 

• quantifying safety risk 

• quantifying risk of project overspend 

In each case, the deliverable should be as specific as possible, e.g. instead of “investigation of 
demand scenarios”, the deliverable could be “provision of demand forecasts to 2016 with/without 
Crossrail 1 and with/without Thameslink 2000”. 

2.9 Business Cases and Project and Programme Lifecycle 

The table below summarises the various business case names, with lifecycle stages and Pathway 
stages. 

Pathway Lifecycle Stage Five-Case Name 
1 Outcome Definition Strategic Outline Case 
2 Feasibility Outline Business Case 
3 Concept Design  
4 Detailed Design Full Business Case 
5 Delivery Outturn Business Case 
6 Project Close  
No stage Business As Usual  

 

The level of detail depends on the lifecycle stage.  There are four main stages of a business case: 

• Strategic Outline Case – confirms the strategic context and makes a case for change 
(without committing to a preferred option). Maps onto gates: OGC 1, Pathway 1.  
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• Outline Business Case – The purpose is to identify a preferred option, a robust single 
option selection should be demonstrated.  Maps onto gates: OGC 2, Pathway 2.   

• Full Business Case – Outline Business Case is updated following procurement negotiations, 
demonstrating an affordable solution that optimises value for money with the 
recommended supplier. Maps onto gates: OGC 3, Pathway 4. Note that this is a 
development of the Outline Business Case above but focusing on the preferred option with 
revised costs and benefits following any changes during procurement or from detailed 
design. 

• Outturn Business Case – updated post delivery with actual costs and any known changes to 
likely or actual benefits using indicative statistics as identified in the Benefits Management 
Process or that has arisen through design changes. Maps onto gates Pathway 6 and beyond. 
A benefit realisation exercise should be taken after benefits have had time to bed in 
(currently ungated in Pathway).  This could be two years after practical completion, be an 
update of the outturn business case and focus on the Benefits Management Plan. The 
importance of this is that it feeds back lessons learnt to future business cases and it 
demonstrates the actual benefits of projects as delivered rather than being based on 
prediction. 

Business cases should be locked down and version controlled as they develop and the version at 
each key stage identified. Business cases should be updated as revised information becomes 
apparent, perhaps from more detailed modelling of benefits or more robust cost estimates and be 
presented in advance of the appropriate Gate.   

The expectations at the different gateways are set out below: 

• Pathway 1 – Feasibility. An outline (TfL terminology) case is made, with a likely or range of 
benefit to cost ratios presented and the strategic reasons for intervention. The range of 
options should not be unduly restricted.  

• Pathway 2 – Single Option Selection. The options are narrowed down to a shortlist and the 
case for each assessed to show the preferred single option recommended to be taken 
forward. A Quantified Risk Assessment (QRA) should have been undertaken to help give 
confidence to the cost estimates. Measures of success should be identified but not yet 
baselined.  This is the most important business case as it is upon this that the decision to 
implement is made and a robust case for the preferred option should be presented.  

• Pathway 3 – Begin Procurement.  The single option business case should be developed to 
focus on the preferred option and the preferred case should be updated with any revisions 
to costs and benefits as a result of detailed design or other developments. 

• Pathway 4 – Delivery. The business case should be updated with costs as expected or 
agreed as a result of procurement. Benefits should be updated with any agreed scope 
changes.  Benefits should have baseline measures of success. 

• Pathway 5 – Practical Completion. Updated with expected outturn costs. 

• Pathway 6 – Financial Close. Updated with final outturn costs and any expected changes in 
benefits. 

• Ungated – Benefit Realisation. The business case should be updated with realised benefits 
by factoring any original modelled results with the outturned position.  Analysis should 
describe the changes over the project lifecycle and measures of success should be 
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compared to prediction. Other benefits should be described and where possible quantified. 
Business Case lessons learnt and conclusions should be drawn. This should provide 
feedback to future business case development and provide evidence to make the case for 
future investment. 

A change log should be maintained throughout, so that if staff changes occur, knowledge will not 
be lost on the changes that have been made. 

2.10 Delivery Portfolio Business Cases 

Business cases for Delivery Portfolios that are aiming to maintain a group of assets with a stable 
condition profile (and hence no new or lost passenger benefits), existing narrative from asset 
strategies or plans (such as Annual Asset Maintenance Plans (AAMP)) can be used so long as it 
includes the following: 

• An explanation of the ideal lifecycle replacement – why is 18 years (for example) an optimal 
replacement cycle? 

• An explanation of the overall estate asset condition profile (including what the impact 
would be if the funding was increased or decreased) – show the asset condition profile and 
set out the impact on this with investment levels that vary around the preferred option.  
Business planning scenarios should have already been required for this or they will be 
needed. 

• An explanation of the prioritisation process – what determines the particular work bank 
composition?  What factors are important? What prioritisation model has been used and 
have any manual overrides been used (such as to for efficient delivery of nearby assets at 
the same time)? Does this work bank align to the funding required? 

• An explanation of why that replacement process offers optimal value for money (consider 
other technologies, other replacement cycles, other efficiencies and dependencies). 

This should be provided in a single existing document such as an AMP Justification that is used to 
justify the size and composition of the portfolio rather than using the standard Business Case 
template.  Different templates for this currently exist around the business and these should 
continue to be used but with a check that they contain the information listed above. If this 
information does not exist then an addendum note should be produced. 

For Delivery Portfolios where the replacement rate improves or declines the overall estate asset 
condition profile (results in new or lost customer benefits) then a standard business case should be 
produced with a benefit to cost ratio. 

For Delivery Portfolios that are collections of projects grouped together for managerial 
convenience, an overarching summary business case should be produced but justification for each 
individual project should also be obtained at an appropriate level. The standard business case 
template should be used following guidance within the template on appropriate scaling. 
 

2.11 Hierarchy of Business Cases 

It is worth considering and planning how the business case should be written before starting to 
ensure that the most efficient approach is used.  This will save time and resources and make the 
information provided more clearly linked to the decision to be made. This is graphically represented 
in the diagram below. 

 

Version V103.2017.0 Page 29 of 185 
 



Business Case Development Manual  Concepts and Principles of Appraisal 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The premise is that the business case should be aimed at the right decision.  It is not necessary for 
each project business case to justify investment in that overall asset or strategy area. Take cycling 
for example.  At the top level a Strategy or Portfolio document should justify why we should invest 
in Cycling.  It should justify the size of the investment fund and the overall objective and outcomes 
of the investment.  Other options would include an analysis of the different types of markets in 
which the outcomes are expected and an assessment of the different programmes that could best 
fulfil the expected outcomes. 
 
Business cases for each programme, such as Cycle Superhighways then does not need to justify the 
existence of the programme compared to any other, but is should compare the best way of 
delivering that programme through the optimal mix and priority of individual projects. 
 
A project business case could then more efficiently set out the case for the preferred route and 
start and end points.  The strategic case may be shared across several projects with a relatively light 
section referring to the overall strategic case in the Programme and Portfolio business cases.  
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3. Financial Effects Overview 
3.1 Introduction 

As described in section 2.7.7 the benefit to cost ratio in the public sector should more accurately 
be described as a social benefit to financial impact ratio. This section is concerned with the 
financial effects that form the denominator (the bottom) of the benefit to cost ratio. 

If there are no social benefits in an appraisal then just a net financial effect (NFE) will be returned. A 
benefit to cost ratio is not appropriate in this situation and the NFE should be presented along with 
the payback period.  The higher the NFE and the shorter the payback period the better, however 
other considerations need to be taken into account such as the affordability. No matter how big 
the payback, the upfront capital costs may not be affordable. 

Where there are social benefits as well as a positive financial effect, an NFE and payback period is 
still an appropriate justification for value for money. The impact on social benefits should still be 
set out however as there may be distributional concerns over the various winners and losers and 
the magnitude of social benefits is still an important factor. Incremental benefit to cost ratios can 
be used to illustrate the change in social benefits compared to the NFE. For example, an option 
with a slightly worse NFE may have much higher social benefits and be the better value solution. 

3.2 Financial Effects: Key Principles 

• All cash flows (costs, cost savings, revenues and revenue losses) must be estimated for the 
whole appraisal period (i.e. for the life of the main assets involved).   

• They must all be at constant prices, preferably in the base price year and they must all be 
discounted to give present values in the base financial year.   

• For operating costs, if it can be assumed that this is a constant impact only one year's 
effects on costs and savings is needed if there are no "up-front" costs (such as redundancy 
payments). The number of years to determine a payback can illustrate value for money. 

• Where costs or revenues are likely to change in real terms over the life of the project, i.e. 
differently from the GDP deflator standard measure of inflation, specific indices must be 
used to estimate this effect.  Staff costs are a good example.  Historically, earnings have 
risen at a higher rate than standard inflation. This needs to be reflected in the calculation of 
future costs by using the likely real growth of earnings. 

• Cost estimates are expected to mature over the lifecycle of the project. In the early stages 
they are less robust than in later stages. 

• Project budgeted Expected Final Cost (EFC) is not the same as appraisal costs because: 

o Project costs are only for the up-front delivery of an asset, and are not likely to 
include ongoing impact on operating costs, revenues, savings and mid-life 
refurbishments that represent the lifecycle financial impact of an asset. 

o Project costs are in outturn prices (exactly what cash is expected to be spent), 
appraisal costs are in real base-year prices - i.e. real inflation over and above 
standard inflation is included and the appraisal is in 2015 (for example) prices. 

o Appraisal figures are discounted for the time preference of money.  EFCs are not. 
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4. Project Costs 
4.1 Overview 

This section applies to all capital Projects, including Programmes and Delivery Portfolios. The key 
components of project cost are described in the table below and in more detail in the sections that 
follow. 

Base Costs The most likely expenditure required to deliver the requirements of a 
project, programme or delivery portfolio, excluding risk, contingency and 
optimism Bias. 

Risk Allowance A provision within the total project budget or forecast that is to be used (in 
accordance with operating business procedures) to deal with anticipated 
events of uncertain outcome. This provision is calculated by a Quantified 
Risk Analysis of identified risks or a percentage uplift in the early stages. This 
is the only category of risk to be used for project authorisation and is 
controlled via risk draw down. 

Uncertainty The amount applied to a base estimate’s EFC to account for uncertainty in 
scope and delivering a defined set of user requirements. This includes 
provisional sums, percentage uplift, three point estimate range and uncertain 
assumptions.  This needs to be included for planning and budgeting 
purposes 

Portfolio Risk A specific set of risks defined by TfL to be excluded from project risk 
exposure calculations and analysed and managed centrally. 

Management 
Contingency 

A provision controlled by senior management for the uncertainty inherent in 
the estimation of costs and risks. This may include programme or portfolio 
risk provision not held at project level or sums to cover unforeseen cost 
increases. 

Optimism Bias A quantity to be added to costs and risks in the business case appraisal to 
take account of systematic cost estimation bias shown by past projects in 
the transport and other sectors.  

The estimated final cost (EFC) of a Project is the sum of the base cost estimate plus the risk 
provision in outturn (budget) prices. Risk provision can be calculated from a QRA (Released as 
project Authority) or as uncertainty (not released as Project Authority but used for planning and 
budgeting purposes). 

When carrying out a business case appraisal, an appropriate optimism bias uplift should be added 
to the EFC to take account of systematic cost estimation bias. Note that optimism bias should be 
included in the appraisal but not the project budget. 

The diagram below graphically illustrates the composition of project costs and the difference 
between budgeting and the business case (benefit to cost ratio) requirements. Portfolio Risk is 
estimated from project base costs and together with all the project EFCs forms the Portfolio EFC. 
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The latest EFC forecast (including risk) should be fed back into the business case as it is updated 
through the project lifecycle. 

The Green Book Supplement on valuing infrastructure spend (2013), gives a good overview of costs, 
risk, optimism bias and contingency (https://www.gov.uk/government/publications/green-book-
supplementary-guidance-valuing-infrastructure-spend/early-financial-cost-estimates-of-
infrastructure-programmes-and-projects-and-the-treatment-of-uncertainty-and-risk ) and says that 
the Treasury would like; 

• to move towards a systematic and application-specific approach to building base costs and 
contingency estimates 

• to ensure that the financial risk exposure of the project / programme / portfolio is rigorously 
justified and developed with more detailed cost and risk analysis as soon as possible 

• that cursory application of Optimism Bias provisions is not used as a substitute for accurate 
estimating at any stage 

It should be noted that the cost estimates used in business case appraisals (unlike project budgets) 
strip out GDP deflation, so include only ‘real terms’ inflation increases. The latest GDP Deflator 
series can be obtained from this link: https://www.gov.uk/government/collections/gdp-deflators-
at-market-prices-and-money-gdp. However, a consistent series used across the business for 
business cases is included in the Business Case Model: http://intranet.tfl/our-organisation/strategy-
and-planning/Developing-business-case.aspx 

Further information on Project Costs can be found at DfT WebTAG Unit A1-2 Scheme Cost 
Guidance: 
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/275128/webtag-
tag-unit-a1-2-scheme-costs.pdf  
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4.2 Risk 

4.2.1 Overview 

The approach to risk is defined by the level of maturity of the products feeding into the cost 
estimates, such as the maturity of business case and benefit estimates, requirements and scope. 
 
To ensure appropriate financial provisions are made for projects, a thorough assessment of 
potential risks is essential throughout the project lifecycle, to account for cost consequences of: 

• the development and refinement of the design 

• The greater understanding of the solution’s interfaces with its physical environment 

• legitimate changes in requirement scope 

• a reducing provision for other areas of uncertainty which are not addressed by the above as 
provided for by optimism bias in earlier high level assessments) 

• specific risks (e.g. changes in key personnel during the project, pending legislative changes) 
which would impact on the project 

Risks should be evaluated as accurately as possible, with evidence from similar previous projects 
sought where available. The risk analysis should cover the full scope of the project, regardless of 
which stages have project authority or funding, and regardless of the funding sources. 

The risk value used in business case appraisals should be based on the most likely level of costs. 
Worst case costs should be used only for a sensitivity test, not for the main appraisal. The latter 
should always, where appropriate including specific overspend outcomes multiplied by their 
estimated probabilities 

Project risks should be regularly updated throughout the project lifecycle using QRA, including 
Monte Carlo simulations where appropriate. 

4.2.2 Cost Maturity 

Cost estimates mature through the project lifecycle based on the certainty of key elements. 
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Terminology 
Risk: 

• Is the calculated P50 value from a Quantitative Risk Analysis (QRA) lined to specific risks 
affecting the delivery of a defined scope. 

• Is the only category to be used for project authority. 

• Includes examples such as ground conditions, weather, access, productivity etc.    

• This exposure is best managed by the project delivery team as it covers specific on site 
challenges. 

• Controlled via risk drawdown process. 

Uncertainty: 

• The amount applied to a base cost estimate’s EFC to account for uncertainty in the scope 
of delivering a defined set of user requirements. Used for planning and budgeting. 

• Uncertainty cannot be committed for expenditure without a paper seeking project authority. 

• Includes examples such as provisional sums, percentage uplifts, three point estimate range, 
uncertain assumptions in the business case. 

• This exposure is to be managed by the body responsible for the overall business case. 

Portfolio Risk 

• A specific set of risks defined by TfL to be excluded from project risk exposure calculations 
and managed centrally. 
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• Direct costs are exclusive to the project, programme or portfolio; they include resources 
directly involved in delivering and managing the work. 

• Indirect costs include overheads and other charges that may be shared out across multiple 
activities or different departments. 

• Fixed costs remain the same regardless of how much output is achieved, such as the 
purchase of an item of plant or machinery. 

• Variable costs, such as salaries, fluctuate depending on how much resource is used. 

4.3.1 Estimating 

Costs should be obtained in a particular price base (e.g. 2014 prices or 2016 prices) usually for the 
year in which the estimates are being made.  These should be entered into the business case 
spreadsheet without inflation added but then an inflation series should be selected for which the 
cost estimating specialist expects those costs to go up by. 

For instance, we would expect costs for an item to be £2m in current (2016) prices but then rise 
with the standard LU TPI inflation series (see below).  The cost estimating specialist should state 
the appropriate inflation series, and be made aware of the standard categories below, but should 
have the opportunity to say that a more specific assumption is more appropriate for that cost 
estimate. 

There is the ability to enter outturn costs into the business case model spreadsheet, but this is 
mainly expected to be used for outturn business cases post delivery as part of benefit realisation 
analysis. It is not appropriate to enter outturn costs into the business case spreadsheet for a 
predictive business case in the early stages of development as this will result in inconsistency 
should the official inflation series forecasts change.  

It is important that the inflation assumptions are made clear in the business case spreadsheet so 
that there is consistency across the portfolio and the ability to test investment portfolio exposure 
to different inflation assumptions. 

Cost estimates are usually subject to some uncertainty, especially at the early stages of a Project 
but should always be based on the most likely level of costs.  Worst case costs should be used 
only for a sensitivity test, not for the main appraisal. 

Although it is common practice is to provide 'point estimates' for base cost elements with base 
cost uncertainty included as a project risk, a more comprehensive estimate is provided by 
specifying a range of estimates for each significantly large cost element. Various distributions could 
be applied to a cost element, but an obvious simple range of estimates is; Minimum, Most Likely 
and Maximum. The base cost used in the business case appraisals would then be the total P50 (or 
the ‘expected’ value know as PMean) from this analysis of the individual cost elements. 

4.3.2 Inflation 

In order to ensure that projects produce robust estimates of their outturn cost, the following 
guidance is given on the forecast tender price inflation that projects should use up to contract 
award (NB. Inflation post-contract award is dealt with separately and guidance should be sought 
from Procurement).  These values should be used where projects are procured in an open-
tendering environment only. Adjustment may be required in other circumstances such as 
negotiated. 
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4.4 Optimism Bias 

The Treasury’s Green Book (2003) recommends that optimism bias should be included in appraisals 
(but not the project budget) to take account of the systematic tendency for appraisers to be overly 
optimistic about key parameters. The appraiser should use their best judgement as to what 
optimism bias to ensure the cost estimate that is as accurate as possible, whilst being sufficient to 
deliver the project but not be over padded or too high to skew value for money analysis. 

The optimism bias value used should be based on this summary of DfT and Treasury guidance and 
knowledge of the maturity of the project cost estimate and experience as to whether there are any 
unforeseen eventualities. If there is nothing much to go wrong, especially if the work has been 
undertaken many times without a problem, then there is a case for only a small or no optimism 
bias. Optimism bias should be applied to both the base cost and risk provision. An explanation of 
the value used should be set out in the business case narrative. 

The following table is upper bound Optimism Bias guidance from HM Treasury: 

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/191507/Optimism
bias.pdf  

Category Type Upper Bound 

Building Projects 
Non-Standard 51% 

Standard 24% 

Civil Engineering 
Non-Standard 66% 

Standard 44% 

Equipment / Development - 200% 

Outsourcing Opex - 41% 

 

These percentages relate to the average historic optimism bias found at the outline business case 
stage for traditionally procured projects and provide a first starting point and reasonable 
benchmark. Higher values of optimism bias may therefore be required at an earlier stage in the 
appraisal process. For other projects these upper bound estimates should be used as a starting 
point but can be reduced in line with how the contributing factors have been managed. The 
optimism bias with contributing factors taken into account can be derived from the tables in the 
Green Book Optimism Bias addendum.  
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4.5.2 Managing Foreign Currency Exposure 

Identifying FX risk exposure 

TfL becomes exposed to foreign currency when it is procuring goods and services from suppliers 
who have a foreign currency supply chain.  Whilst it is reasonable to assume that overseas suppliers 
will have underlying costs in a foreign currency, it is also possible for UK suppliers to incur similar 
costs if they are sourcing from abroad. 

Some consideration needs to be given to the group of potential bidders and whether they are likely 
to have foreign currency supply chains. Once the currency mix is established, Group Treasury can 
provide information on these currencies and quantification on the amounts to include in the 
portfolio risk register. Once Foreign Exchange has been contractualised, the risk would move from 
the Portfolio Risk register to the project risk register. 

Managing FX risk exposure 

At individual project level, how FX risk is managed will depend on the type of Contract (e.g. 
whether fixed price or variable), its value and duration and current circumstances, such as currency 
rate uncertainty. Although it may be possible to pay in GBP, it may be more advantageous to pay in 
the foreign currency with TfL hedging the risk itself. 

Hedging is undertaken where TfL has accepted the risk and seeks to manage this through agreeing 
to purchase the foreign currency required in the future to match the forecast payments. This 
provides the project with a known GBP equivalent cost up front (though there can be some small 
changes overtime where payment dates change).  

Process Guidance  

Guidance on managing foreign currency exposure can be found in the Pathway Foreign Currency 
Management – Policy and Process: 

Add link to Foreign Currency Management – Policy and Process.  

To ensure foreign exchange is managed cost effectively across TfL, Group Treasury should be 
informed of any Project with likely exposure to foreign currency at Pathway Stage 1 and provided 
with updated foreign expenditure and dates at Pathway Stage 2. The way that foreign exchange is 
treated may need to be specified in the contract. 

Once suppliers have been selected at Pathway Stage 4, any contracts to be paid for using foreign 
currency will have been confirmed. All Contracts with exposure to foreign currency should be 
discussed with Group Treasury before being awarded, to agree the payment mechanism.  

Throughout delivery, forecasts for foreign currency expenditure and the FX uncertainty risk level 
should be based on latest Treasury figures. 

4.6 Treatment of sunk costs in appraisals   

When a change occurs to project costs, timescales or deliverables beyond original tolerances, it is 
necessary to review whether to continue. In these circumstances, it is important not to lose sight 
of the overall business case for the project. Thus the main analysis should always be based on the 
full project cost, i.e. what has been spent to date plus all future expenditure proposed.  However, 
in deciding where best to allocate the scarce resources available to TfL it is also important to 
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5. OPEX 
5.1 Overview 

Operating costs are all ongoing costs and expenses related to the operation of a business, or to the 
operation of an asset, device, equipment or facility. They are the cost of resources used by an 
organization just to maintain its existence. Operating costs include costs for maintenance, energy, 
overheads and resources associated with ongoing operations.  

Where costs are likely to change in real terms over the life of the project, i.e. differently from the 
GDP standard measure of inflation, then specific indices must be used to estimate this effect. Staff 
costs are a good example, as historically, earnings have risen at a higher rate than RPI. This needs to 
be reflected in the calculation of future costs by using the likely real growth of earnings. 

5.2 Estimating 

The business case should clearly describe the different types of operational costs and the 
assumptions used to develop these. Key items to consider are; 

• Reduced costs associated with the introduction of a new modern assets, or renewal of 
existing assets. 

• Increased costs associated with the introduction of new assets 

• Decreased costs as a result of asset disposal. 

• Reduced operating costs through the introduction of new energy efficient equipment. 

• Cost increases associated with increasing demand, either due to general population growth, 
or new users e.g. as a result of increased ‘willingness to pay’. 

• Increase in maintenance costs associated with ageing assets (e.g. due to increased level 
planned and / or reactive maintenance) – generally associated with the ‘do nothing’ or ‘do 
minimum’ base case. 

• Risk mitigation costs, generally associated with keeping a non-compliant or ageing asset in 
service. 

All estimates for operating costs should be agreed by the maintainer or other appropriate budget 
holder. 

5.2.1 Staff Costs 

Base Staff Costs 

A staff resource cost calculator is available in the Business Case Data Book: http://intranet.tfl/our-
organisation/strategy-and-planning/Developing-business-case.aspx   

This contains generic 2016/17 staff costs by grade.  It includes base salary costs, bonuses, and 
uplift for pension and National Insurance. If a project is to release headcount, then this can be used 
to show the staff resource cost saving.  Also consider the impact of reduced overhead costs in 
section 5.2.2.  

If headcount is not released then it is still possible to include efficiency improvements in staff time 
in the financial effects (i.e. bottom) of the benefit to cost ratio and Net Present Value. It is 
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important to identify that this is not a cost saving however and it should be described as a cost 
avoided or a staff efficiency improvement that would free up staff time to spend on more value 
added activities. This effect should be clearly described in a business case to illustrate exactly how 
that time will be freed up. 

If more specific information is known about the group of employees concerned, then the direct 
staff costs, including salary, bonus, pension and National Insurance should be used.  This can be 
obtained from the HR Delivery Support and Change team. 

Staff Cost Forecasts 

Unless there are specific forecasts for the staff concerned, for example through a negotiated 
settlement, then it shall be assumed that staff costs will change in the same way as average 
standard inflation in the economy as a whole defined by the GDP Deflator – see Business Case 
Model spreadsheet: http://intranet.tfl/our-organisation/strategy-and-planning/Developing-
business-case.aspx 

The impact of this assumption should be testing using sensitivity tests around this central case 
(zero inflation, GDP Deflator -1% / + 1% / +2%). 

5.2.2 Energy Costs 

Will energy consumption increase or decrease as a result of the project? The change should be 
estimated and the cost impact included in the cost – benefit analysis calculations. 

The Carbon and Energy Efficiency Plan (Pathway Product) should be completed during Pathway 
Stage 2. 

5.2.3 Overhead Costs 

A variety of support services costs for typical expenditures have been set out in the Support 
Services Rate Card in the BCDM Data Book: http://intranet.tfl/our-organisation/strategy-and-
planning/Developing-business-case.aspx 

 Contact Property and Facilities or HR for more precise estimates. 

5.2.4 Optimism Bias 

There are no specific optimism bias levels for excess operating expenditure (except for outsourcing) 
but this should be considered in the analysis. For operating costs this might cover such factors as 
output specifications not being defined clearly enough, stakeholder and operator needs not fully 
understood, or forecast operating savings not being achieved. Where any of these outcomes are 
feasible, they should be the subject of sensitivity tests.  
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6. Lifecycle Cost 
6.1 Overview 

Lifecycle cost (also known as whole life cost) is the total discounted present day cost of ownership 
over the life of an asset, or group of assets. This should include; 

• Upfront Project costs 

• Future one off costs such as mid-life refurbishments and deferred renewals. 

• Ongoing operational, inspection and maintenance costs 

• Cost savings (or costs avoided) 

• All associated revenue  

In Business Case appraisals, lifecycle costs are usually split into Capex and Opex. However, 
lifecycle costs do enable different investment options to be compared and are therefore important 
when prioritising across a portfolio of projects. They also can be used to help justify the case for 
investment and are particularly important for projects with low social benefits, such as asset 
renewal interventions. The optimal solution is usually the option that delivers the lowest lifecycle 
cost. 

Business cases for asset renewals should demonstrate that the preferred option will deliver 
optimal value by balancing lifecycle costs and benefits over the life of the asset.  

For further information and guidance on writing a business case for asset renewals, refer to Chapter 
22, Asset Management. 

Lifecycle costs are also required for Value Management assessments, for the calculation of the 
Value for Money Ratio – see Chapter 12 for further details. 

6.2 Estimating 

Lifecycle costs are often uncertain, particularly for outline business cases, before feasibility has 
been undertaken. At these early stages of the project, high level estimates are often acceptable, 
providing the assumptions behind these are clearly stated and costs have been agreed with Asset 
Managers and / or Maintainers, as appropriate.  

Lifecycle costs used for the main case should always be based on the most realistic estimates, 
with worst case costs used only for a sensitivity cases. 

6.3 Worked Example – cyclical renewal of light bulbs on stations 

The example evaluates the optimal timescales for replacing standard and long life bulbs at critical 
locations within LU stations.  

• Option 1 – Standard light bulbs 

• Option 2 – Long Life light bulbs 
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6.3.1 Costs 

Planned Replacement Bulbs are replaced via routine re-
lamping programme i.e. all bulbs 
changed in batches so access costs 
are shared across multiple units 

£20 per unit (Standard bulbs) 

£60 per unit (Long Life bulbs) 

Unplanned Replacement Bulbs replaced individually, including 
access cost. 

£200 per unit (Standard bulbs), 

£250 per unit (Long Life bulbs) 

6.3.2 Failure Rates 

The following table shows forecast patterns of failure for each type of bulb: 

 Infant mortality Random failures Age-related failures 

Option 1: Standard  2% .005/month 6-60 months 

Option 2: Long Life  0.5% .001/month 24-96 months 

6.3.3 Method 

Using a risk software package, specify the above failure patterns. For example, the ‘@Risk’ package 
(provided as an add-on to Excel) allows the following representations for month of failure 
in a spreadsheet: 

Standard bulb 

Infant mortality, month 1 =RiskDiscrete({0,1},{0.98,0.02}) 

Random failure, months 2-5 = RiskCompound(RiskDiscrete({0,1},{0.98,0.02}),RiskIntUniform(2,5)) 

Normal distribution, months 6-60 = RiskNormal(35.5,12.5) 

These formulas represent a 2% chance of failure in month 1, a 2% chance spread evenly across 
months 2-5, and a Normally distributed age-related failure with a mean of 35.5 months and a 
standard deviation of 12.5 months, based on evidence of past failure patterns. 

Suppose these formulas are held in cells D4, E4, F4.  The output cell bringing together the result of 
these possible outcomes would include an Excel expression which first looks for a failure in month 
1, then in months 2-5, and if neither is present, uses the Normally distributed figure: 

= RiskOutput ("Expiry month for Standard") + IF (D4 = 1,1, IF(E4>0, E4, F4)) 

Long Life bulb 

Similarly the representations for Long Life bulbs could be: 

Infant mortality (month 1) = RiskDiscrete ({0,1},{0.995,0.005}) 
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Random failure months 2-23 = RiskCompound (RiskDiscrete({0,1}, {0.978,0.022}), RiskIntUniform(2,23)) 

Normal distribution. months 24-96 =RiskNormal(67,15) 

(Note: An average of 0.001 failures per month over 22 months is equivalent to an overall 
probability of approximately 2.2%.) 

6.3.4 Lifecycle Costs 

Outputs from the above show the distribution of failure times for each type of bulb. Suppose the 
output cell for the Standard bulb is G4, then the probability percentiles for failure time after, say, 
10,000 iterations could be captured by: 

= RiskTarget ($G$4, C10) 

= RiskTarget ($G$4, C11) 

Etc. 

where C10, C11, etc. contain 1, 2, etc. and the ‘RiskTarget’ function produces the probability of 
failure in up to 1 month, up to 2 months, etc. And for any particular period, for example 
11 months, lifecycle cost per month based on a planned maintenance interval of that period is 
calculated by: 

= (20 + D14 * 200) / C14 

where £20 is the replacement cost per unit of Standard bulbs in a planned relamping programme, 
D14 contains the ‘RiskTarget’ probability of failure within 11 months as explained above, £200 is 
the replacement cost when failure occurs between planned replacements, and C14 contains the 
planned interval 11 months. 

The results are shown in the figure below: 

 

6.3.5 Conclusions 

The first conclusion is that it is significantly cheaper to replace light bulbs in critical locations via 
the routine re-lamping programme as a planned activity rather than to wait for failure. For the 
Standard design the WLC reduces from about £5.40/month/unit (currently being experienced 
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with no planned replacement programme) to about £2.40/month/unit if replaced in planned 
batches with an 18-month interval, a reduction of about 56% in WLC. 

The second conclusion is that it is economic to replace Standard light bulbs with Long Life units, 
with the replacement interval moved out to about 42 months (i.e. the longer life is optimally 
exploited). This option is estimated to reduce WLC further to about £1.90/month/unit, 
representing an overall saving of about 65% in WLC.  

Any monetised reduction in CO2 emissions would also feature in a standard appraisal, and would 
further support the cost-based advantage of long life bulbs. 

6.3.6 Sensitivity Tests 

This analysis assumes only one failure could occur between programmed replacements. However 
the probability of more than one failure, although small when the planned interval is relatively 
short, may have some impact on the conclusions. A sensitivity test could illustrate this. 

Other tests could show how the conclusions are affected when differences between the bulb types 
in terms of cost, and in terms of reliability, are changed. 
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7. Revenue 
For revenue generated from social benefits, see Section 20.2: ‘Calculation of Revenue Effects from 
Social Benefits’, but note this is included in the financial effects (i.e. the bottom of the benefit to 
cost ratio). The standard business case spreadsheet automatically calculates this and enters it into 
the correct place in the benefit to cost ratio once the relevant elasticities have been selected. 

7.1 Non-Fares Income 

Appraisals must, however, include any other changes in TfL income e.g. vending machines sales, 
and advertising.  Income can be one off from say a sale of an asset or can be generated as an 
ongoing income stream such as rental from a retail space. It is increasingly important that these 
effects should be considered for everything that is done as TfL has to become operationally self-
sufficient, which means that operating income must cover operating costs. 

7.2 Commercial Development 

Commercial Development opportunities shall be discussed with the Commercial Development 
team to take forward as appropriate in a controlled and prioritised manner. The bigger the space 
available and the more lucrative the location, the more likely TfL is to be able to obtain income 
from that asset and these should be fully investigated and exploited. It is important that the 
Commercial Development teams and the operating / planning teams work closely together to 
ensure that impacts during construction on the operational infrastructure are minimised and that 
the long term capacity growth of the infrastructure is not unduly limited.  

7.3 Treatment in Business Cases 

All financial flows need to be forecast for the period of the appraisal (life of the asset) and present 
values calculated as well as the budget impact in outturn values (this is the standard difference 
between the value for money “Economic Case” and affordability “Financial Case” that is required 
for all business cases. The standard business case spreadsheet on the Business Case Intranet page 
will output the figures in the required formats: http://intranet.tfl/our-organisation/strategy-and-
planning/Developing-business-case.aspx 

In many instances it is not necessarily the case that a project will enable commercial development 
opportunities to be reaped. In order to make decision making as clear as possible the following 
principles shall apply: 

• Calculate the classic case for investment based on the known full expenditure (excluding 
uncertain commercial development opportunities) and the social benefits to be achieved. 

• Net off commercial development opportunities from the bottom of the benefit to cost 
ratio only if they have a reasonable degree of certainty and are directly attributable to the 
project. Fully acknowledge the risk and uncertainty so that decision makers can make an 
informed choice. 

• Ensure that any benefit to cost ratio is a fair reflection of benefits and the costs that gives 
rise to those benefits – i.e. if a financial benefit has been included, the costs of obtaining 
that financial benefit are also included, and any social disbenefits such as disbenefits during 
construction. 
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• If costs and benefits are intertwined in a complex way then consider elevating analysis to a 
Programme or Portfolio level. This will show the overall value for money of the entire 
package of projects, even if an individual project within that, which may be an enabler, does 
not show value for money on its own. 

• Project governance is determined by project Expected Final Cost (EFC) and some 
commercial development projects could have a small EFC but lead to a big impact either in 
terms of their overall financial impact or on knock on requirements for other projects. 
Despite the formal requirements of governance as defined by Standing Orders, a 
commercial property scheme that is likely to have a significant knock on impact should be 
discussed with the relevant operating area at the earliest opportunity to ensure that the 
maximum overall value and minimum overall disruption can be determined. 

• The standard discount rate for all public sector appraisals is 3.5% and this is set in the 
standard business case spreadsheet. A separate inflation assumption must be set and not 
be combined with the discount rate for the purposes of appraisal. Standard or user defined 
inflation series are available in the business case spreadsheet. 

• Internal Rates of Return (IRRs) are not a standard public sector metric but may be used by 
the private sector, so should be considered to inform discussions and negotiations with 
them. The standard metrics at TfL are the benefit to cost ratio and the Net Financial Effect 
(NFE) and payback period.  These must be used and presented to ensure a consistent 
comparison with all other projects across the investment portfolio. Please note that if there 
are no social benefits from a scheme, then just a Net Financial Effect and payback period 
will be returned. 

The “Commercial Case” in Five Case terminology is for commercial implications, either the up-
front commercial relationships required to deliver the project or any ongoing impact on existing or 
required operational contracts. 
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Management Case – Is the project deliverable? 

Are any specific high level governance or risk management issues that need to be acknowledged? 
What benefit realisation work is necessary to prove the success of the project, specifically with 
respect to the PFI deal.  
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9. Specific Case Guidance 
9.1 Financial Effect Only Schemes 

If a project does not have any impact on social benefits, then a benefit to cost ratio is not an 
appropriate metric to measure value and a purely financial impact analysis is the appropriate 
approach.  A Net Financial Effect (NFE) and payback period will automatically be generated in the 
standard Business Case Model spreadsheet if this is the case and no social benefits are entered. 
Types of projects that typically fall into this category are: 

• Business efficiency schemes, 

• Organisational change 

• Staff accommodation projects 

• IM Projects 

• Investing in depot facilities 

• Commercial development projects 

Further information is provided on some of these below. 

9.2 Staff accommodation projects 

Accommodation projects have two main effects: 

More efficient use of office space 

The use of good design and modern system furniture (and IT systems through reduced space 
requirements for filing etc.) can significantly reduce the amount of space required for staff, whilst at 
the same time providing an acceptable working environment.  Small projects may not enable sites 
to be released or sold, but nevertheless cumulatively they contribute to savings.  For this reason 
the space saved can be valued in an appraisal, provided it is usable.  See the Support Services Cost 
Assumptions in the BCDM Data Book: http://intranet.tfl/our-organisation/strategy-and-
planning/Developing-business-case.aspx  

Improvement in staff morale 

Improved accommodation can lead to reduced staff absenteeism and turnover, improved 
productivity, and (seen as part of the employment package) reduced staff costs. However, 
researching the relative valuations that staff themselves would put on accommodation 
improvements, as opposed to improvements in other working conditions, could raise sensitive 
industrial relations issues. In the absence of such valuations, the appraisal should indicate whether 
the increased accommodation expenditure remains proportionate (especially by comparing the 
percentage of total salary cost with that for comparable groups of staff), and quantify any known 
problems of absenteeism and turnover which may in part be caused by poor accommodation.  
Decision makers will then need to judge whether the cost of improving the staff environment is 
likely to be justified by improvements in morale leading to reduced staff costs (absenteeism and 
turnover), and performance (increased productivity and customer satisfaction). 

Similarly, where equipment is provided to help staff carry out their duties, it must be fit for 
purpose.  If not, there will be a loss of morale which may outweigh any savings through not 
improving the equipment. 
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9.3.1 Support Services Example 

BUSINESS CASE FOR AN I.T. PROJECT 

(NB. The facts and figures in this example are entirely fictitious.) 

Introduction 

It is the aim of the project team to compile a comprehensive database of relevant asset cost 
information for use in future cost estimation and procurement. Due to the fast expanding manual 
record system, searching for historical cost information is likely to prove increasingly difficult as 
time goes by. It is estimated that there are currently 20,000 relevant documents, making a total of 
50,000 pages, in the filing systems. A number of different approaches to the document 
management problem have been reviewed.  

Option 1  

In the existing manual process, there are daily searches for asset cost data which is held in three 
different filing systems. This process is highly inflexible and time consuming, and with the frequent 
removal and replacement of documents, there is a risk that these may become damaged, misfiled 
or lost.  

Option2 

In this option, the data would be photocopied and put into a separate asset cost filing system, 
while a computer database would hold a catalogue of the copy documents. Whilst this would give 
increased flexibility to searching, some of the problems of removal and replacement of documents 
remain. Also, the amount of information to be stored would place a strain upon the existing 
computer network.  

Option 3   

Finally, the use of computer software online to retrieve scanned images was reviewed. Such 
systems offer increased and more flexible search facilities, immediate access to documents, and 
the advantages of Optical Character Recognition. 

A cost-benefit analysis showed that a) using a computer database to catalogue the copy 
documents was more cost effective than a purely manual system, and b) using computer software 
to retrieve scanned images was more cost effective than the computer cataloguing system. A 
summary analysis of the options is shown on the following page. 

Assumptions 

a) Copying of documents into new filing system, and producing                              
computerised reference list 
This process would, at a rate of 200 documents per day, take an estimated 5 months to complete, 
which at current salaries would cost £23,800. 

b) Scanning in / coding of documents into new database 
The preferred agency quote for scanning in the 50,000 pages and coding the appropriate database 
references is £27,000. 
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c) Searching for documents 
From diaries kept over a recent period of three weeks, the time spent searching for documents is 
approximately 10% of total staff time. It is assumed that this could be reduced by a half if a 
computerised list were available, but with the more sophisticated database software online it is 
assumed that the search time could be reduced by three-quarters. 

d) Handling of hard copies of documents 
Currently, the relevant member of staff spends about 20% of his time photocopying and re-filing 
documents. As with c) above, it is assumed that this time could be reduced by half if a purpose-
built filing system for asset cost data is available. With electronic copies on a database, there 
would be further improvements, although the need for hard copies would not be completely 
eliminated. Again, it is assumed that with the database the handling time would be reduced by 
three-quarters. 

e) Treatment of reduced staff time in the appraisal 
It is assumed that the staff time freed up can be usefully deployed elsewhere on cost estimation 
work, for example in improving turnaround times, increased work on cost versus reliability, etc. It is 
not envisaged at this stage that the staff numbers would be reduced.  

Business Case Summary  

(Operating costs are discounted over the life of the system - 5 years. As usual, capital costs are 
assumed to occur in year 0, while resulting changes in operating costs occur in years 1-5.) 

Capital costs 

Option  1 
Existing 
Manual 
System 

Option  2 
Computerised 

Catalogue of Manual 
Documents 

Option  3 
Database of 
Scanned-in 
Documents 

Increment of 
Option 3 over 

Option  1 
£ PV £ PV £ PV £ PV 

Copying documents / storing in 
new files / producing reference 
lists 

 -23,800   

Scanning in documents   -27,000  

Database software, including 
Optical Character Recognition   -6,900  

Total 0 -23,800 -33,900 - 33,900 

Operating cost savings     

Time spent finding relevant 
documentation 
-estimated currently as10% of 
total working time for 6 staff in 
section (Total = £15,000 p.a.) 

-63,200 -31,600 -15,800  

Time spent handling hard copies 
of documents 
 -currently estimated as 20% of 
total working time of 1 admin 
person in section (Total = £3,800 
p.a.) 

-16,000 -8,000 -4,000  

Total -79,200 -39,600 -19,800 59,400 

Overall advantage of Option 3 over Option 1   25,500 

 
The table shows that Option 3 is preferable to Option 1 by £25,500 (PV), and as stated earlier, 
Option 3 also has an incremental advantage over Option 2. The use of a computer database to 
retrieve scanned images was therefore found to be the most effective and efficient option. 
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As a sensitivity test, if the time spent finding relevant documentation is only 5%, instead of 10%, of 
staff working time, Option 3 is still the most favourable, though the advantage over Option 1 is 
reduced to less than £2,000 (PV). 

______________________________ 
 
This example illustrates the following aspects of such financial appraisals: 

• where possible, more than one alternative option should be generated, so that decision 
makers are not left thinking “What if...?” 

• the increment of each option over other options should be shown (in this example, only the 
increment of Option 3 over Option 1 is shown, although it is made clear that Option 3 is 
also advantageous when compared with Option 2) 

• capital costs and operating costs should be shown separately 

• it is important to state the predicted life of any assets to be procured, and discount the 
operating cost effects over that period of years 

• the sources of estimates should be stated 

• it should be made clear whether any staff time saved is intended to result in a reduction in 
the number of staff budgeted, and if not, it is helpful to indicate how the freed up time 
might be deployed 

• in the summary table, costs and benefits should be itemised where space permits 

• appropriate sensitivity tests, particularly exploring areas where there is most uncertainty, 
should be applied 

• although it is not demonstrated in this particular example, where it is not possible to 
quantify an impact via a saving in staff time, the impact should be described in terms of the 
number of people affected, the frequency of impact, and the typical extent of the impact 
on each occasion. 

 

9.4 The appraisal of leases 

The appraisal of projects which have a leasing option should be carried out as for "capital" projects 
with leasing as an alternative option.  The comparison of purchase and leasing options will involve 
different annual cash flow profiles and the discount rate will have a considerable effect on the 
Present Values for the options. 

Therefore, when evaluating lease proposals, as a sensitivity test, in addition to the standard 3.5% 
discount rate, evaluation at a range of discount rates for all cash and benefit flows in the appraisal 
should be carried out for both lease and purchase options. 

Regarding finance leases, there is a general presumption against nationalised industries entering 
into this form of borrowing arrangement, since it is generally more expensive than paying for the 
assets concerned via Government borrowing. 

9.5 Property 

Many appraisals will simply entail comparing financial benefits against costs, to see whether the net 
financial effect is positive. However some projects, including station developments, will have social 
benefits, as well as an accompanying revenue effect. The appraisal of these benefits should be 

 

Version V103.2017.0 Page 62 of 185 
 





Business Case Development Manual  Specific Case Guidance 

the key effects can be to accelerate the increase in demand for an improved service, which would 
otherwise take much longer to build up.  
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10. Benefits Overview 
10.1 Overview 

As a reminder, the objective of a business case is to inform and then document decision making. 
The basic questions that a business case must answer are: 

(1) What is the case for change? The Strategic Case involves defining the investment objectives 
i.e. what are the generic benefits to be obtained?  The Strategic Case can also illustrate the 
organisational strategies that are being used to evaluate the options such as Surface 
Outcomes, The Mayors Transport Strategy or The Six Priorities. 

(2) What is the best public value solution? The Economic Case is to enable the best public 
value option to be identified. This involves identifying the best option and showing value for 
money of the different options. Identifying the best option can use several different 
methods.  The traditional benefit to cost ratio or Net Financial Effect must be calculated 
and referred to, which is the basis for the quantifications throughout this manual. Multi-
Criteria Assessment (MCA) is set out in section 11, where any supporting statistics can be 
present to support a defined and consistent strategy. This allows benefits that can not be 
monetised easily to be represented and taken into account in decision making. Value 
Management is set out in section 12 and can also be used to support option selection by 
showing the best strategic fit against objectives.  Value for money is more difficult to prove 
than option selection. A benefit to cost ratio shows absolute value for money because 
monetised costs are set against monetised benefits.  Where a good benefit to cost ratio 
does not exist, then the proposal is not necessarily poor value for money, it is just a case 
that the wide ranging evidence of the effects of benefits has to be present and the decision 
maker make an informed decision as to whether in their opinion the benefits are worth the 
cost.  

10.2 The Need for Quantification 

Whilst every business case must be justified on the basis of a rational and convincing narrative, the 
quantification of benefits demonstrates rigour and robustness in the consideration, and allows the 
business to more easily prioritise investment decisions. 

All significant benefits and disbenefits should be quantified as far as is possible.  Where benefits 
can be monetised, a direct comparison of the monetary equivalence to the investment costs can 
be made.  This is termed the Benefit to Cost Ratio (BCR).  Although the methods of calculation will 
vary from case to case, there are a number of standard methods which should be followed. This 
manual describes those most commonly required for TfL appraisals, including those covering non-
investment decisions such as train and bus service changes, closures of secondary entrances or 
booking offices, changes in station opening hours etc. 

In all cases it is helpful to lay out the calculations in the form of a spreadsheet so that it is easy to 
change data and test sensitivity.  Examples of appraisals are included throughout this manual 
alongside the method that they use. 

However, not all projects have a direct effect on passenger benefits.  For example, a proposal to 
improve office productivity by implementing an IT system may have a number of effects on costs 
but will have no direct effect on passenger benefits, so only the financial effects analysis needs to 
be shown.  

 

Version V103.2017.0 Page 65 of 185 
 







Business Case Development Manual  Benefits Overview 

RES 

Tactical highway 
modelling 

ONE Operation of highway network, covering a wide area, but 
without change to trip making decisions 

Micro-simulation highway 
modelling 

VISSIM 
TRANSYT 
LINSIG 

Detailed understanding of journey times and queuing at 
single junctions, or a localised network of linked 
junctions. 

Bespoke strategic models CEM 
CYPET 

For specific project needs 

Pedestrian modelling LEGION 
PEDROUTE 
PEDS 

Detailed relationship between infrastructure and journey 
time, including the effects of crowding 

Connectivity assessment 
tools 

WebCAT 
PTAL 
CAPITAL 
ATOS 

To quantify improvements in connectivity 

Emissions modelling EAT To assess pollution impacts 

 

10.5.3 Optimism Bias in Benefits 

There are no specific Optimism Bias levels for benefits, but the overstatement of benefits (or 
understatement of disbenefits) should be considered. This could be due to the effects of design or 
scope reduction, offsetting disbenefits being underestimated, projected demand growth rates not 
being achieved, or other projects effectively superseding the scheme. Where any of these 
outcomes are feasible, they should be the subject of sensitivity tests in the business case. 
Sensitivity tests are a very useful way of illustrating the potential for an investment to cease to be 
value for money.  It is good practice to undertake these and provide the risks and ranges in a 
business case and investment authority paper to decision makers. 
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11. Multi-Criteria Assessment (MCA) 
11.1 Overview 

Multi-Criteria Assessment (MCA) is technique for capturing the wider benefits of a project and 
presenting them through a recognised strategy framework. 

The Strategic Assessment Framework (SAF) is the single standard TfL multi-criteria analysis tool to 
be used to asses the contribution of a project, programme or portfolio to various organisational 
strategies.  

Multi criteria analysis techniques similar to SAF are a standard appraisal approach used to capture 
impacts that are wider than just those entering formal cost benefit analysis.  Impacts are grouped 
into various categories for presentational purposes. 

SAF should be used for: 

• Assessing contribution to the Mayor’s Transport Strategy 

• Assessing contribution to Surface Outcomes 

• Assessing contribution to economic growth 

• Assessing the contribution to other narratives developed in recent business planning 
processes such as: Living, Working, Growing; The 4 Pillars of the TfL Story; the 20 priorities 
introduced in 2014; and the top 6 priorities defined by the Executive Committee. 

• Sustainability assessment for optioneering 

• Health Assessment (replacing some templates used previously) 

In the early stages of a project / programme or portfolio, SAF can be used for optioneering. 
Throughout the lifecycle it should then be used to continually monitor the preferred option for 
contribution to those organisational strategies to allow intervention if the benefits set out are no 
longer meeting original expectations. 

By filling in the single input sheet in SAF, all of the assessments above will automatically be 
produced in their standard format and a separate exercise will no longer be required for each. Using 
the input sheet in SAF also prevents any assessment contradicting any other. 

SAF should be used alongside other tools such as lifecycle value software (e.g. SALVO, used 
primarily in asset management areas) and value management techniques (which is also used for 
option selection). However SAF is required for all projects, programmes or portfolios and the 
justification in a business case should revolve around a recognised set of criteria as set out in SAF. 

Relevant sustainability issues such as environment, social and economic should be considered by 
reviewing the proposed deployment of resources (revenue or capital) using the Strategic 
Assessment Framework. This should be used for all sustainability assessments on projects with an 
estimated final cost (EFC) greater than £10m. It is good practice to undertake multi-criteria 
assessments using SAF for all significant projects, perhaps as little as £1m EFC, so that the full 
range of impacts have been considered at an early stage. The conclusions, including possible 
changes to scope, can then be incorporated into project planning earlier than if the impacts were 
not considered until a later stage in the project lifecycle. 
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11.2 SAF is useful at all lifecycle stages: 

• Before Stage 1: Defining what objectives are expected to be affected by the intervention to 
help determine whether a project should be initiated. 

• Stage 1: Strategic driver analysis and benefits mapping should be an early activity in 
producing a business case.  The results should be used to inform SAF, and any resulting SAF 
exercise should feed back to refine strategic driver analysis and Benefits Mapping. This then 
frames the whole rationale for the intervention that is explained in the business case from 
this point on rather than explaining the basis for the cost benefit analysis (which should be 
included but is not the starting point).   

• Stage 2: SAF can be used to move from a long list to a short list of options (this may occur 
in stage 1) and can be used to refine the options further. 

• Stage 3/4: SAF should be kept up to date for the preferred option as costs and benefits 
evolve and a revalidation of the single option decision should be made if significant changes 
occur. 

• Stage 5/6: SAF should be used to monitor project delivery to ensure that the benefits set 
out at the end of stage 4 are still expected to be delivered. The information gained from 
benefit realisation monitoring, tracking and assessment process should be fed through to an 
updated SAF.  The sustainability and health assessments in particular include a record of 
agreed mitigation actions, which should be monitored and followed up during delivery. 

• Beyond Stage 6: As above, SAF should continue to be updated using information from the 
benefits realisation process to help evaluate / illustrate whether the benefits expected at 
the end of Stage 4 have been delivered. A wider narrative on expected benefits over the 
whole lifecycle (from the earliest versions) should be included to draw lessons and help 
improve future forecasting ability.  

Significant impacts should be explained in the business case narrative – either positive or negative. 
SAF should be kept up to date through the lifecycle and archived for all lifecycle stages and major 
changes. 

11.3 Completing SAF 

Completing the SAF input sheet requires sufficient knowledge of the options being assessed.  The 
recommended approach is through a workshop attended by key contributors who jointly have all 
the necessary knowledge. Agreeing what to feed into the input sheet is best done through dialogue 
during the workshop. It is also recommended to include in these workshops individuals who have 
worked with SAF before to ensure consistency between the different projects or programmes. 

The SAF input sheet contains a set of criteria, and evidence should be entered for each. A rating 
between -3 and +3 should be entered matching the evidence provided. It is not acceptable to 
provide ratings only as the credibility of the assessment depends entirely on whether the textual 
evidence is sensible. It also depends on whether the conversion of the evidence to a rating is fair. 
Detailed guidance is provided within SAF. 

SAF does not add up all of the evidence into one final rating as this would not reflect the complex 
balance between the various assessment criteria. 
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years later. This reinforces the iterative approach often taken within TfL in applying benefits, risk 
and value management. Objectives need to be checked or revalidated at logical intervals to provide 
the opportunity to change priorities within the project to optimise its outcome and maximise 
stakeholder satisfaction. 

Link to the new Lifecycle Value handbook: 
http://onespace.tfl.gov.uk/lu /cms/pmf/SIGs/TfL%20PPM/TfL%20PPM%20Output%20Library/H%2
0Lifecycle%20Value%20Handbook.docx  

12.3 Value management 

Value Management (VM) and Benefits Management can be seen as mutually supportive disciplines 
and as such are most effective when they operate in an integrated manner. They are concerned 
with delivering value for money in relation to ensuring: 

• During initiation, each initiative, represents the optimum use of available funds 

• That TfL can easily demonstrate that the case for change will deliver value to the key 
stakeholders  

• The management of benefits is delivered as cost effectively as possible. In short, the 
benefits of benefits management should exceed the cost of benefits management 

Value management helps to identify the value drivers behind the project, programme or delivery 
portfolio, based on those identified by the different stakeholders. It then uses this information to 
check that the proposal will add value to the organisation based on these drivers. The value drivers 
may differ when considered from project, programme or delivery portfolio levels.  

The aim of value management is to resolve differences about project objectives and achieve a 
common consensus among stakeholders. This can only be done with active participation of the key 
stakeholders. Surface Transport, in particular, often experience very diverse views from stakeholder 
groups towards some of their schemes and VM offers a way of trying to get those stakeholders to 
recognize different perspectives and agree a way forward. As London Underground has greater 
ownership of their assets, VM is more often about establishing the priority of work amongst the 
different internal stakeholders. VM does not profess to find optimal answers; it is solely concerned 
with establishing a common decision framework around which participants can think and 
communicate. 

12.4 Techniques 

Link to the new Lifecycle Value handbook: 
http://onespace.tfl.gov.uk/lu /cms/pmf/SIGs/TfL%20PPM/TfL%20PPM%20Output%20Library/H%2
0Lifecycle%20Value%20Handbook.docx  

Whilst all objectives are important and should be delivered in full for a successful outcome, some 
will be more important than others. Value drivers are used to describe those things which 
contribute to the value of the project and are readily understood. This reflection of criticality is 
indicated by weighting the relative importance of each value driver. To provide a true reflection of 
the requirements for success, value drivers should be independent of each other.  

A value tree is a diagram that shows the relationship between, and the hierarchy of, value drivers. 
Once a value tree has been developed, it is possible to prioritise the relative importance of the 
primary value drivers. The resulting diagram is called a value profile. Because many of the 
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judgements in prioritising value drivers may be subjective (albeit balanced by involvement of key 
stakeholders) it is good practice to apply sensitivity analysis to the finished model. 

The value profile may be used to quantify value and provide a means of analysing current 
performance against desired performance, thus focusing attention on where effort needs to be 
applied to improve value. 

This exercise can be conducted at any level from portfolio to project. At a higher portfolio or 
strategy level, the value drivers should match a consistent and recognised strategy such as the 
Mayor’s Transport Strategy or Surface Outcomes.  At the project level they may be bespoke drivers 
of that individual project.   

Often it is necessary to choose between a few options to assess which provides the best value for 
money. When choosing between many different options, how is it possible to decide on the best 
way forward? This is especially challenging if the choices are quite different from one another. 

The value index provides a measure of how well an option or project satisfies an individual value 
driver or the aggregate of all value drivers. It represents a measure of customer satisfaction. Once 
the value profile has been formed, the team needs to agree an appropriate metric for each value 
driver. For each metric the team needs to agree a range, usually from 1 to 10 to provide a relatively 
simple method of assessing performance.  

The product of the value driver weighting and the performance rating provides a number which is 
known as the value score. The sum of all value scores across all value drivers is the value index. By 
adopting the ranges of 1-10, the value index must lie between 100 and 1000. As a rule of thumb, a 
value index of 350 or less indicates poor performance, whereas an index exceeding 750 is regarded 
as good. Using current Cabinet Office guidance, the value index is a relevant option evaluation 
measure when money is unlimited. 
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The value for money ratio shows an assessment of relative value for money, taking into account 
whole life costs.  

Whole life costs and not simply capital costs should be the basis for value decisions. There have 
been a number of examples where options with higher initial capital costs have been approved due 
to the lower cost of ownership. For example, the rolling stock procurement approach used for New 
Tube for London (NTfL) has been very conscious of aspects such as future energy costs and how 
decisions taken early can have a knock-on effect in the long term. 

To calculate the value for money ratio, the value index should be divided by the total estimated 
lifecycle financial impact, to provide a value for money ratio. A project with a very high value index 
may not give the best value for money if it costs significantly more than an alternative that provides 
only slightly lower performance.  

It is also essential that if financial savings or additional revenue are one of the value drivers for a 
project, that they are taken out of the top of the value ratio and entered into the whole life 
financial impact number on the bottom.  The whole point of this is to create a number that is as 
similar as possible to a benefit to cost ratio. Robustness principles still hold for these alternative 
statistics and consistency across the organisation is important. 

Paired comparison  

Paired comparison analysis helps to work out the importance of a number of options or drivers 
relative to one another. This makes it easier to choose the most important problem to solve, or to 
pick the solution that will be most effective. It also helps set priorities where there are conflicting 
demands on resources. The tool is particularly useful where you don’t have objective data to use to 
make decisions allowing you to compare different, subjective options.  

The purpose of paired comparison is to assess the importance of each of the attributes to the 
respondents and to determine the weights the respondents attach to the different levels of the 
attributes. At the simplest level, paired comparisons are made by each respondent among a set of 
items using a binary scale (1-3) that indicates which of the two choices are most preferred, or 
whatever other judgement the respondent is asked to make in comparing the two. 

 
 

Version V103.2017.0 Page 75 of 185 
 



Business Case Development Manual  Value Management 

 
Many of the assessments resulting from the value management process will be subjective, but the 
essential characteristic of value management is that the decisions are a consensus view of 
everyone involved in the process. 

In accordance with Pathway, the scope of the value process and in particular the application of the 
techniques will vary according to the size and type of project or programme under consideration 
and the business area where it is being implemented. 

The tools and techniques can be applied during any stage of the development lifecycle, as you 
move through from stage to stage and the focus will evolve, but typically, the greatest benefits and 
resource savings are achieved early. At this point, the basic information may have been established, 
but major design and development resources have yet to be committed. 

Using value management later in the lifecycle is often a question of balancing the variables to 
maximise value. It builds on the information generated to assist in making decisions; for example, 
the selection of options, based on value, informs the project and design briefs and provides a 
mechanism to enhance the benefits whilst reducing or making better use of resources.  

Function analysis provides an opportunity to assess which functions offer the most scope for 
value-adding change, leading to greater creativity.  

Two key questions that may be asked at this stage are: 

• Why are we doing it and what are the alternatives? 

• How can it be done differently and/or better? 

The tools and techniques described can be applied more than once. Early application helps to get 
started in the right direction, and repeated application helps to refine the direction based on new or 
changing information. For example, techniques may be applied as a quick response to address a 
particular problem. 

12.5 Value Management Through Project Delivery 

The greatest opportunity to influence value delivered is at the planning and design phases of asset 
life as once the asset is installed, most of the lifecycle costs and benefits become fixed. It is 
therefore important time is taken in these earlier project stages to identify the solution that 
delivers greatest value, by balancing cost and benefits. When determining the value of different 
options, it is important, that non monetised benefits and project drivers are considered, rather than 
just focussing on the resultant BCR. This can be done through the use of Value Management 
Assessments (or Mulit-Critera Assessment see section 11).  

Benefits can often change as a project progresses, so even if the project delivers on time and to 
budget, the value delivered may reduce unless benefits are regularly reviewed. It is therefore 
important to review both costs and benefits at each stage gate to evaluate changes to ‘value’. If 
costs increase and / or benefits decrease too much, the project may need to be stopped, or de-
scoped, so budget can be diverted to higher value projects. 
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so should remain flexible and open to new and emerging benefits and dis-benefits. It is often the 
case that as benefits are worked through some of the existing benefits will cease to be relevant or 
meaningful and therefore benefits should be re-visited, critically evaluated and, where necessary, 
amended on a regular basis. 

One of the key benefits of benefit mapping is often said to be the active engagement and support 
of key stakeholders in the process of identifying the key objects on the map through workshops 
and dialogue.  

The main objective of a benefits workshop is to help illustrate the overall benefits of the 
project/programme on a one page diagram. This diagram can amongst other things act as an 
important communications tool to assist the Sponsor in demonstrating the improvements and 
getting buy-in and support for the change. During the project, the diagram can be used as a 
scorecard to demonstrate progress and there have also been occasions where benefits maps have 
been used to assess benefits realisation post-project.  

Benefits maps can be used throughout the life of the project/programme to analyse the impacts on 
benefits caused by changes in direction or changes in strategy as a whole. 
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13. Demand 
13.1 Overview 

A lot of the benefits in the sections that follow are based on a number of people affected (trips 
made) multiplied by a monetary valuation. Estimating the number of people affected is therefore 
half of the problem in deriving a total benefit. 

It is important to make sure that the total number of people affected is calculated robustly. There 
are different sources for this such as: 

• Counts and Surveys (automatic or manual). 

• Revenue information. 

• Modelling forecasts. 

Revenue information may not include staff, police and those without tickets.  In addition, all 
journeys, including those originating on Network Rail (and dealt with through the clearance 
procedures) and all journeys made on period and return tickets are allocated to the stations and 
sections of line on which each actual journey takes place. 

Beyond the standard counters, there are some innovative ways of estimating demand. CCTV, face 
or people recognition technology or weight sensors on vehicles can automatically detect the 
numbers of people.  This can even provide real time information on loadings. 

Modelling forecasts are built up from social, economic and demographic data and are useful for 
understanding how background demand will change over time. 

It is also important to understand the differences in terminology. 

• Entries and Exits are purely numbers of people moving through gates and may not be 
reconciled because some stations are open and it is possible to enter or exit without 
passing through a gate. These are usually automatically counted unless a survey is 
undertaken. 

• Boarders and alighters should reconcile to the same figure in a network over a day or longer 
time period because the same number of people who get on a service, must get off. On 
shorter time periods this may not be the case as people may board during the peak and 
alight during the inter-peak.  

• Trips are a journey from one origin to a destination for a specific purpose. 

• A trip stage or journey leg is a part of a journey from or to an origin, destination or place of 
interchange. 

• Passengers / People – individuals making a journey, the most common unit for a monetary 
valuation. 

• Vehicles – may carry more than one person so the monetary values will be different. 
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an alternative nearby station) because it is just the station concerned that is modelled. In the 
absence of a network model that can adequately reflect this re-routing, it should be assumed that 
demand is scaled back to the point that the do-minimum station can just about cope.  To these 
time benefits, a manual adjustment of the capped demand should be added that makes an 
assumption about where the demand is diverted to and the additional time involved. This can then 
be added as a manual increase in the base time impacts. This is not a simple task and should be 
considered carefully.  It may be the case that other nearby stations can also not cope with the 
additional influx.  

13.8 Annualisation Factors 

Deriving robust annualisation factors to convert modelled benefits to annual is an important step in 
undertaking robust cost-benefit analysis. 

Some annualisation factors are provided in the journey time calculator: http://intranet.tfl/our-
organisation/strategy-and-planning/Developing-business-case.aspx 

There is also a section in the BCDM Data Book: http://intranet.tfl/our-organisation/strategy-and-
planning/Developing-business-case.aspx  

However each case must be considered on its own. This should take into account what periods are 
being modelled and what periods those modelled benefits are assumed to also transfer to. 

The day (or longer) to annual factors are fairly certain. Intra-day annualisation factors are more 
difficult as they can vary wildly from location to location.  

It is recommended that if data does not already exist, at the very least counts are undertaken and 
profiled over the period from 7am to 7pm for the different user classes such as motorists, HGVs, 
OGVs, Cyclists and Pedestrians. This will allow robust bespoke annualisation of demand. 

Annualising just based on demand profiles may still not be sufficient.  It may be that benefits 
depend on the level of crowding or congestion and that benefits as modelled in the peaks are not 
applicable to other time periods. An inter-peak model could be used to model uncongested time 
periods and this is more appropriate to extend to other uncongested time than to extend peak 
model results.  

13.9 Demand Modelling Tools 

The term “demand modelling” generally refers to the standard four-stage modelling process (see 
Appendix A.6 for more information on this). The assignment model, at the bottom of the four-
stage hierarchy, is sometimes developed separately due to its high level of network detail, and 
plugged into the demand model. Therefore, when describing a demand model, it is common to 
focus on the trip generation, mode choice and trip distribution elements, and leave the detail of the 
assignment model for a separate discussion. 

NB: the assignment model is often used independently, especially in relatively small-scale studies, 
where it can be assumed that an intervention will only affect route choices, and the demand matrix 
remains constant. By contrast, a demand model cannot be run without assignment models plugged 
into it as part of its iterative loop, to provide travel costs between origin-destination pairs. 
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TfL’s demand models are strategic in that they cover the whole city and beyond, primarily 
examining major trends at a high level rather than the detailed performance of local areas within 
London. 

In summary, demand modelling is not always necessary, depending on the scale of the proposed 
infrastructure change, and when it is undertaken, generates input for other tools which in turn 
provide the benefit forecasts to inform the appraisal process. 

Tools: LTS, LoRDM, LUTE 
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14. Time 
14.1 Overview 

Time elements are often the most significant area of impact in business cases, so we must 
estimate them as accurately as possible. We must also estimate as best we can because transport 
efficiency is the bread and butter activity for TfL.  Stakeholders EXPECT TfL to consider these 
impacts, different types of time impact and the different users who may be affected.  

Quantifications of time savings are based on behavioural values of time which are derived from 
observation of passenger trade-offs between saving time and spending money.  Values are based 
on research by TfL and the DfT. The current values are given in the BCDM Data Book: 
http://intranet.tfl/our-organisation/strategy-and-planning/Developing-business-case.aspx  

Passengers value time for the various stages of a journey (e.g. walking, waiting, travelling) differently 
and so weighting factors are applied to the component elements of the trip to reflect the extent to 
which passengers like or dislike particular stages of a journey.  Weighting factors are set out in the 
BCDM Data Book: http://intranet.tfl/our-organisation/strategy-and-planning/Developing-business-
case.aspx  

The weighted time saving per passenger is then multiplied by the number of passengers and the 
value of time to calculate the total benefit (expressed in £s). 

Most calculations of this nature will use computer models to calculate journey times, congestion 
etc. (see Section 10.5 and Appendix A: Models and Simulation Tools). 

In addition to changes in mean journey time, changes in reliability, as measured by standard 
deviation, may be monetised. A reduction in the standard deviation of in-vehicle journey time for a 
public transport mode is valued as if it were a reduction in the mean journey time. (In the case of 
waiting time, a reduction in standard deviation would be weighted in the same way as for mean 
journey time.) For private transport, a reduction in standard deviation of journey time is valued at 
0.8 times the same reduction in mean journey time. 

If significant time disbenefits during construction occur, then an attempt must be made to estimate 
them and include them in the cost-benefit analysis.  

14.2 Estimating Time Impacts 

There are several different ways to estimate time impacts.  In the early stages of analysis, then a 
multi-criteria approach may be sufficient – so just rank options or projects with a low, medium or 
high, positive or negative impact. A basic or rougher informed estimate can also be estimated using 
the journey time calculator spreadsheet see 14.7.1. 

Beyond that, then models of various levels of complexity can be used depending on how 
complicate the scheme in question is.  For very large impact schemes, a full demand model should 
be used (i.e. LTS see 13.9) that can calculate induced demand and affect mode shift.  For simpler 
but still significant schemes a strategic model should be used (i.e. HAM (see 14.7.3) or Railplan (see 
14.7.2)) that can calculate more strategic route diversions such as a Westminster to Greenwich trip 
diverting away from Elephant and Castle to travel via Vauxhall / Peckham. 
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TfL encompass all types of public transport. Therefore, the choice between bus, tube, rail, 
Overground, DLR and tram (and to some extent walking) is analysed as a choice of a route rather 
than the choice of a mode. This choice also includes the decision of whether and where to transfer 
between routes. Most operational aspects of the public transport service are not coded in great 
detail in such models, and their design is done using other models (described in subsequent 
sections). 

Tools: RAILPLAN, Docklands Public Transport Model (DPTM), MOIRA. 

14.8.3 Strategic Highway Modelling 

TfL’s strategic highway models look at the way car drivers choose their routes from their origins to 
their destinations, through London’s highway network. Routing decisions affect the levels of 
congestion, which also has important environmental and wider economic impacts. 

Tools: HAMs 

14.8.4 London Underground Operational Modelling 

Models in this group focus on the detailed operations of the London Underground, including the 
underground trains, stations and supporting systems. They generally do not look at factors beyond 
the operations of the tube, and therefore in most cases they require some demand inputs from 
other models. 

Tools: Train Service Model (TSM), Journey Time Capability model (JTC), Station Service Model, Heat 
Strain Risk Tool (HSRT), Tunnel Ventilation Model (TVM), Railway Engineering Simulator (RES). 

14.8.5 Tactical Highway Modelling 

“Tactical modelling” is not a standard term in transport modelling, but it is used in TfL to refer to 
highway assignment models with more network detail than in the strategic highway models. TfL’s 
tactical model is used primarily for assessing operational traffic management options for the short 
term, unlike the strategic highway models which are mainly used to assess long-term investments 
and policies. Unlike TfL’s strategic highway models, the tactical model is not used as part of a full 
four-stage modelling process, and therefore it does not examine how levels of congestion are likely 
to affect trip generation, mode choice and distribution. 

Tools: Operational Network Evaluator (ONE) 

14.8.6 Microsimulation Modelling 

Traffic microsimulation provides the maximum “zoom in” to examine in detail how individual road 
users interact with each other. Microsimulation models normally take the level of demand, 
including the routes used by each road user, from the outputs of highway assignment models. They 
then consider the specific movements of individual vehicles (e.g. from which lane to which lane 
they wish to turn, when they accelerate or when they slow down) to examine how delays, queues 
and congestion are created. Road Space Management has produced comprehensive guidelines, 
covering the recommended approach to micro-simulation modelling and other techniques of 
highway modelling as used in Surface Transport; this should be a primary reference point when 
considering the use of micro-simulation or “tactical” highway modelling. 

Tools: VISSIM, LinSig, TRANSYT. 
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14.8.7 Bespoke strategic models 

There will always be cases where existing modelling tools do not cover the type of analysis or 
forecasting required. In such cases it is common to develop bespoke tools, often in a spreadsheet, 
tailored for the needs of the relevant study. One specific model in this category is described below. 
Other models exist or can be developed if needed. If the need arises, this can be discussed and 
scoped with help from the Strategic Analysis team, TfL Planning. Contact Chris Hyde or Yaron 
Hollander. 

Tools: CEM 

14.8.8 Pedestrian Modelling 

The Station Capacity Analysis Team has the role of ensuring the best use of the existing and 
proposed space within stations for meeting passengers’ needs, including that they have a quick and 
congestion free flow through from entrance to platform. A number of tools are available to analyse 
the movement of pedestrians. Most of these are used to design stations at a micro level, for either 
normal operation or for emergency evacuations, however there are also examples of the use (of 
Legion) in analysing pedestrian spaces in a wider context.  Analysis of pedestrian modelling forms 
an integral part of the design for schemes aimed to reduce congestion at stations. The modelling 
can demonstrate the effectiveness and longevity of the scheme, whilst also providing social costs 
to feed into the necessary business cases 

Tools: Static Toolkit, PEDS, Pedroute, Legion. 

14.8.9 Cycle Modelling 

Cycle modelling has improved significantly over the past few years. Within TfL the Cynemon model 
(Cyling Network Modeling for London) has been developed to predict cyling route choice and user 
benefits as a result of certain types of interventions.  Bespoke demand forecasting tools have been 
developed for forecasting demand for specific initiatives.  CLoHAM has also been used. 

Tools: CLOHAM for cycling, CYPET, Cynemon 

14.8.10 Connectivity Assessment Tools 

Strictly speaking, TfL’s connectivity assessment tools are not models, as they do not generate 
estimates of future demand or levels of performance. The connectivity tools are used to measure 
and present information about London’s transport system, including travel times and other 
features. This information is converted from other sources into maps and graphs. WebCAT on 
www.tfl.gov.uk/webcat is an effective tool for accessing some commonly-viewed sets of model 
outputs. 

Tools: WebCAT, PTAL, TIM. 
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15. Safety 
15.1 Overview 

Safety is part of the TfL culture and evaluation decisions across the business should be made with 
safety in mind. Safety impacts are one of the main long standing areas of monetisation in transport 
projects.  

The latest monetised figures for use in benefit calculations are in the BCDM Data Book: 
http://intranet.tfl/our-organisation/strategy-and-planning/Developing-business-case.aspx  

Different areas of the business have different processes that are followed. 

15.2 Principles 

Considerable expenditure is undertaken by TfL to minimise the occurrence of incidents which 
could lead to loss of life or injury or damage to assets.  Because expenditure is expressed in 
financial terms, in order to compare the magnitude of the health and safety benefits with the 
expenditure and arrive at an estimate of whether or not the expenditure is worthwhile, the benefits 
must also be expressed in financial terms. 

In principle, appraisal of such projects is straightforward.  If the probable frequency (expressed as 
number per annum) of an event occurring and the probable outcome if the event occurred 
(expressed financially) are known, then multiplying these two numbers is the probable cost per 
annum of the risk.  If as a result of the expenditure the magnitude of either or both of these two 
quantities is reduced then the reduction in annual costs can be ascertained and used in appraisal 
calculations in the same manner as any other benefit. 

If an event has a probable occurrence frequency once every 10 years, and the most likely 
consequent cost is £1m, then the probability per annum is 1/10 and the probable cost per annum 
is 1/10 times £1m i.e. £100,000.  This can be treated as a discounted cash flow and compared with 
the cost of eliminating the hazard. 

Ideally the probabilities will be based on historical data but for many events historical data is 
sparse.  Indeed a major function of health and safety appraisal is to identify events which have 
never happened and to estimate the probable frequency and severity. 

Requirements of legislation (the Health and Safety at Work Act) stipulate that expenditure to 
reduce hazards must be incurred up to the point where the remaining risk is "as low as reasonably 
practicable" (ALARP). The ‘Safety Decision Making’ standard describes the approach to 
demonstrating ALARP in Rail and Underground, and the method and parameters to be used when 
assessing the value of health and safety benefits. 

15.3 Quantified Risk Assessment (QRA) 

The first step is to quantify the health and safety risk. This requires the combination of the 
consequences and likelihood of all the outcomes from the incidents to be considered. 
Quantification of this risk requires assigning frequencies and probabilities to all the contributing 
factors leading to an event.  For example, for a car to skid off a road, there may need to be a 
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‘Assessment and Management of Health Safety and Environmental Risk’ standard: 
http://onespace.tfl.gov.uk/lu /cms/CMSLibrary/S1/S1526.pdf describes the respective roles of LUL 
and suppliers in projects requiring Quantitative Risk Assessments. The aim is to ensure that future 
QRAs build upon existing analysis and understanding. Section 3 also provides guidance on the 
application of fault tree and event tree techniques. 

15.4 Valuation of Safety Benefits 

The output of the QRA (above) will be the probable number of fatalities and/or injuries per annum 
before and after the implementation of the initiative. The health and safety benefit is the risk 
reduction arising from implementation, and a valuation can be assigned to this by applying 
monetary values to the avoidance of fatalities and/or injuries (see below).   

15.5 Treatment of Safety Benefits in Appraisals 

Benefits arise from three types of risk reduction, relating to: 

• Injuries or fatalities to customers / users 

• Injuries or fatalities to staff or other non-passengers (e.g. trespassers) 

• Material damage and service disruption. 

• Originally, these were all covered in one figure applied for each fatality, but in current 
appraisals each benefit must be quantified separately. 

The current approach places a reference value of £1.9m (at 2016/17 prices) on the avoidance of a 
fatality, with a possible gross disproportion multiplier of 3 (giving £5.7m) applied, depending on the 
maximum risk to an individual.  

The multiplier of 3, depending on the above factor, addresses the aspect of the ALARP principle 
which requires safety measures to be implemented unless the cost etc. is disproportionately 
greater than the safety benefit obtained. The ALARP case should be investigated using the value of 
£1.9m, and if this fails, £5.7m. If the case fails using £1.9m but succeeds using £5.7m, the 
individual risk should be examined to see which of these two valuations is more justified (see 15.6 
below). An estimate of the reduction in risk of "major" and "minor" injuries should also be included, 
either by reference to the Fatality and Weighted Injury Factor for top events, see 15.6, or preferably 
by assessing the risk separately and applying weightings of (for rail appraisals) 0.1 and 0.005 
respectively to the appropriate fatality value. The fatalities and weighted injuries can then be added 
together to form a single ‘Fatality and Weighted Injuries’ value. 

The ALARP judgement should consider the health and safety benefits against the cost of 
implementation. Avoidance of loss of revenue, e.g. from material damage or service disruption 
should be set against the implementation cost. 

The £1.9m represents the casualty related costs, which includes lost output, human costs and 
medical and ambulance costs. Material damage and service disruption should be included in 
addition to this. 

15.6 Summary of (Quantitative) Appraisal Procedure 

In outline, the procedure is this. Do a risk assessment appraisal using the ALARP principle. All costs 
should be included, but only direct safety-related benefits and risk-related revenues. Then (even if 
the project is warranted by ALARP) do the full appraisal with all costs and benefits, with VPF (Value 
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of Preventing a Fatality) at the lower limit, using the upper limit of VPF as a sensitivity test if the 
case fails.  

The details are as follows: 

Risk assessment appraisal (ALARP) 

In the preparation of a safety cost benefit analysis, both the qualitative and quantitative safety 
issues need to be considered. This section concentrates on the quantitative side for a summary of 
the qualitative assessment see Section 15.12. 

Steps: 

1) Quantify the risk in question (expected fatalities per annum). 

2) Use a VPF of £1.9m. 

3) Obtain the total annual value of avoiding fatalities by multiplying by the change in annual 
risk of fatalities. 

4) Injuries 

o If possible, the risks of major and minor injuries should be estimated separately. The 
values of major and minor injuries are taken as 0.1 and 0.005 respectively times the 
appropriate value of a fatality. Major injuries are defined as: 

 any fracture or dislocation other than to fingers, thumbs, or toes 

 any amputation 

 loss of sight or permanent damage to an eye 

 any other injury or illness requiring detention in hospital 

o But if separate estimation of injuries is not possible: 

 where the risk arises from a “top event”, include the total annual value of major 
and minor injuries using a single figure from the Fatality and Weighted Injuries Table 
F1 and multiplying this by the total annual value of fatalities prevented, as obtained 
above 

Table 15-1: Fatalities and Weighted Injuries Factors for LU Top Events 

Top Event  Main Scenarios 
Fatalities and 

weighted 
injuries 

Arcing  traction earth faults  1.4 

Collision Between Trains collision between trains (end to end/side on)  1.4 

 side swipe collision  1.0 

Collision Hazard  collision with a floodgate  1.3 

 collision with a lineside structure / tunnel wall  1.0 

 collision with a terminal  1.1 

 collision with a platform  1.1 

Derailment  derailment on LU infrastructure  1.2 

 derailment on NR infrastructure  1.2 

Escalator Fires  fires on metal escalators  1.0 
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Top Event  Main Scenarios 
Fatalities and 

weighted 
injuries 

 fires on modified escalators  1.0 

Escalator Incidents  Escalator incidents 1.0 

 falls on escalators  1.0 

Explosion  explosions from internal and external sources  1.1 

Flooding  direct flooding from River Thames  1.0 

 indirect flooding from River Thames  1.2 

Lift Fires  lift machine room fire  1.0 

 lift car fire  1.0 

 lift shaft fire  1.0 

Lift Incidents  lift incidents 1.0 

On Train Incidents  spurious door opening  1.0 

 unauthorised use of Inter-car doors  1.0 

Platform Train Interface  passenger falls from the platform  1.0 

 passenger struck by train whilst on the platform  1.0 

 passenger falls between train and the platform  1.0 

 passenger dragged along the platform  1.0 

Power Failure  affecting train service  1.4 

 affecting stations  1.0 

Stairs & Assaults falls on stairs 1.0 

 assaults  1.0 

Station Fires  public area fires  1.2 

 non-public area fires  1.2 

 interlock room fires  1.0 

Structural Failures  tunnels and bridges  1.0 

 stations and buildings  1.4 

 earth structures and drainage  1.2 

Train Fires  under car fires in tunnel  1.4 

 under car fires above ground 1.0 

 in car fires in tunnel  1.4 

 in car fires above ground  1.0 

Tunnel Fires  tunnel fires (including track fires)  1.4 

Unauthorised Access to Track  person on track 1.0 

Ventilation Hazard  train held in section  1.4 

 authorised track detrainment without protection  1.0 

 self detrainment  1.0 
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Appraise the project solely on the health and safety benefits of preventing fatalities and injuries as 
described above. Other passenger benefits (including time savings) should not be included at this 
stage. However any operating cost savings or additions resulting from the project should be taken 
into account. Revenue derived from health and safety benefits should be deducted from the costs. 
Revenue (but to reiterate, not the associated passenger benefits) arising from the avoidance of risk 
of disruption should also be included, as should the cost of any material damage avoided. 

Calculate the B/C Ratio. If this is > 1.0, the quantitative appraisal indicates support for the project, 
and the quantitative conclusion should be used to inform and support the qualitative arguments. 

If the B/C Ratio is < 1.0, the project should be reappraised using a VPF of £5.7m (only for the safety 
benefits -continue to use £1.9m for the revenue derived from safety benefits). If the ratio is still < 
1.0, the quantitative appraisal does not indicate support for the project, and once again the 
quantitative conclusion should be used to support the qualitative arguments. (If the risk is relatively 
large but the case is not made for a particular project, alternative ways of reducing the risk should 
be considered.) 

If the B/C Ratio is < 1.0 with VPF £1.9m but >1.0 with VPF £5.7m, the maximum level of risk to an 
individual needs to be assessed, to see whether the risk falls within the maximum acceptable level 
specified by the Health and Safety Executive. For example, consider a risk which has been 
quantified using the total number of passenger journeys per annum to assess the consequences 
from the hazard in question. In this case, the “most at risk” individual would be assumed to make 
500 journeys per annum (provided that the hazard is encountered in both directions, e.g. to and 
from work). The base case expected number of fatalities per annum (or equivalent fatalities, which 
includes injuries) is then factored down to give the maximum risk to an individual: 

maximum risk to an 
individual p.a. = expected no. of 

fatalities p.a. x 
500 

total passenger journeys 
affected p.a. 

 
If the maximum level of risk to an individual is found to be high (i.e. greater than 1 in 100,000 which 
can also be written as > 10-5), then the quantitative assessment should be based on a VPF of 
£5.7m. NB. If the maximum level of risk to an individual is greater than 1 in 10,000 p.a. for 
customers, or 1 in 1,000 p.a. for staff, the risk would normally be regarded as intolerable and as 
such would warrant some urgent action to reduce the risk. (See the LUL standard Safety Decision 
Making.) 

If the maximum risk to an individual is less than or close to 1 in 10,000,000 (a risk of 10-7), then it 
should be considered if the risk to the most exposed individuals from the specific hazards under 
consideration make a significant contribution to this overall risk. See the LUL standard Safety 
Decision Making. 

If the maximum risk to an individual from this particular hazard is in the area between 10-5 and 10-
7, then the overall risk to that individual needs to be considered. Here, £1.9m (rather than £5.7m) 
should be used only if it can be claimed with confidence that the overall risk to the individual is less 
than 10-5. 

15.7 Full Appraisal 

A full appraisal beyond the safety impacts should also be carried out. Even if the project is justified 
by ALARP, the full appraisal will establish the total benefits achievable. 
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Appraise the project using £1.9m as the VPF but include passenger benefits (based on time savings) 
from avoided disruption, together with those passenger benefits and generated revenues which are 
not associated with the avoidance of risk. These could be generated by, for example, improved 
appearance of station, removal of speed restrictions, etc. 

Calculate the B/C Ratio based on the total benefits and compare with a benchmark of 1.5:1. 

If the case fails on this basis (and the ALARP criterion also failed to justify the project), carry out a 
sensitivity test using £5.7m VPF (but again with revenue calculated on the basis of £1.9m VPF). 

15.8 Treatment of Values in Appraisal 

The values of passenger life and injuries to customers are based on attitude research on willingness 
to pay, and should therefore be treated as a passenger benefit, with benefits in future years inflated 
to take account of real growth in the Value of Time (this reflect the growth in income and therefore 
willingness to pay value). 

The preferred approach to discounting safety benefits is to discount by 3.5% along with all other 
benefits and inflate the benefits by the growth in income (VoT growth). This should be done, as 
with other income related benefits in our standard business case spreadsheets.  The Office of Rail 
And Road (ORR) has slightly simplified guidance that suggests discounting benefits by 1.5% and 
costs by 3.5%.  The ORR benefits discounting automatically combines the 3.5% standard Treasury 
Green Book discount rate and a 2% growth in income, resulting in the net figure of 1.5%. The TfL 
approach is easier in that the business case spreadsheets are set up with a more refined growth in 
income coded in to inflate benefits and this allows a consistent approach to be applied to all other 
income related benefits such as time and ambience. 

Incidents involving passengers do have an effect on demand and the normal elasticity should be 
applied to the health and safety benefit, based on the reference preventative fatality valuation of 
£1.9m, to calculate the risk of loss of revenue. 

Where the potential incident prevented will reduce staff fatalities and/or injuries, the same 
approach should be applied - treating the improvement as social benefit but with no impact on 
revenue. However, for injuries, the effect on operating costs of, for example, sick cover should be 
included. 

15.9 Summarising Complex QRAs 

Inevitably major quantified risk assessments can be complex, and there can be a temptation to 
present results in a purely numeric form, avoiding any description of the risks themselves and their 
consequences. For example, a study of electrical hazards in an Underground depot could be 
summarised as: 

“The total risk to individuals is 6.37E-4 p.a. and is therefore not ALARP.” 

However the maximum risk to individuals is only one factor in the appraisal and the summary 
should focus instead on: 

• the nature of the hazard 

• the risk of an incident 

• the average consequence of an incident 
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• the overall probable loss of life 

The headline findings could therefore be: 

 

Hazard 

Probability  

of incident 

(p.a.) 

Average 
consequence 
(fatalities 

per incident) 

Expected 
fatalities 

(p.a.) 

Electrocution during inspections 0.31 0.096 0.030 

Electrocution during train movements (mainly as 
they move off to enter service) 

 

0.090 

 

0.096 

 

0.0087 

Electrocution while staff moving around depot 
(slips/trips, inadvertent contact, or damaged 
equipment) 

 

0.064 

 

0.096 

 

0.0061 

Train enters service with overhead supply lead still 
inserted 

 

0.29 

 

0.030* 

 

0.0086 

Total   0.0534 

 

Overall risk is low, but in worst case fire caused by arcing results in estimated 10 fatalities 

This is an unusually complex QRA and many others could be summarised by a table with only one 
or two lines. With safety, there is always an obligation to examine all possible options, even when 
risks are comparatively low. It is difficult for authorising bodies to do this unless the business case 
gives a reasonable summary of the nature of the risks. Hence the need for a standard summarising 
procedure as outlined above. 

15.10 London Underground 

The LUL safety management system includes various standards which are important points of 
reference. These include: 

a) Assurance: 
http://luintranet.tfl/static/documents/coo/forms/lu safety certification and safety authorisation
(january 2017).pdf.  

This standard requires that changes are assessed for health, safety and environment impacts. 
Where there could be an impact, it requires that a Change Assurance Plan is produced, 
demonstrating that health, safety and the environment will not be degraded and/or that the 
proposed option is that which will reduce risks to as low as reasonably practicable (ALARP). 
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16. Ambience / Amenity 
16.1 Overview 

Ambience valuations relate to improvements to the environment of journeys, and are based upon 
market research into how much per trip a passenger is willing to pay for improvements.  The factors 
for which willingness to pay valuation data are available in the Ambience Benefits Calculator on the 
Business Case Intranet page: http://intranet.tfl/our-organisation/strategy-and-planning/Developing-
business-case.aspx and cover all modes including public transport, cars, walking and cycling.  

Where possible, values of improvements should be used to monetise the benefit of improving 
various aspects of a journey. The Valuing Urban Real Toolkit (See section 16.4) can also be used to 
assess ambience scores for the Urban Realm using PERS. 

Note carefully the different usage data required.  For example, in Underground projects the 
appraisal of improvements to ticket halls relates to station entries alone, whereas for "access" 
areas improvements are relevant to both entries and exits. 

There is no comparable body of research regarding movements in Customer Satisfaction Scores 
equivalent to that for Customer Priorities; the practice of forecasting changes in CSS and placing 
values on these predicted changes is useful for benefit realisation and to indicate effects in a 
quantified way but they can not feed into a benefit to cost ratio. 

16.2 DfT WebTAG 

WebTAG provides more general guidance on ambience under Journey Quality in unit A4.1: 
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/386743/TAG Unit

A4.1 - Social Impact Appraisal November2014.pdf  

The WebTAG methodology has journey attributes split into three categories, two of which have 
further sub-categories:  

• Traveller Care (facilities and information) 

o cleanliness 

o facilities 

o information 

o environment 

• Traveller views (view and pleasantness of the external surroundings) 

• Traveller stress 

o frustration with inability to make normal progress on a journey 

o fear of potential accidents 

o uncertainty about the correct journey route 

The assessment of each of these is on a simple scale of Beneficial/ Neutral/Adverse (as compared 
to the base option) with guidance on the extent (slight/moderate/large). 
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If a DfT business case is being submitted, the TfL ambience value estimates should enable an 
evidence based assessment of the categories above. 

Similarly unit A3 includes guidance on Environmental Assessments that include the impact on 
Townscape: 
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/372739/TAG Unit

A3 Environmental Impact Appraisal November2014.pdf  

16.3 Townscape / Urban Realm 

Townscape and Urban Realm considerations are increasingly important areas in transport appraisal 
and increasingly TfL seeks not just to create functional spaces but spaces where people want to 
be. Where important it should certainly be mentioned in the strategic narrative part of the business 
case document with as much supporting quantification as necessary to form the argument. There 
are several different ways of recording the impact in a business case: 

(1) As a Wider Impact under “Townscape”, in the Appraisal Summary Table or in multi-criteria 
assessment. This can include various levels of quantification. See Section 16.3. 

(2) Some elements can be monetised using the existing ambience benefits in the Ambience 
Benefits Calculator: http://intranet.tfl/our-organisation/strategy-and-planning/Developing-
business-case.aspx   

(3) The Urban Realm Toolkit draws together several aspects of the urban environment.  See 
Section 16.4 for more information. 

The table below contains links to other sections that show how aspects of the urban realm can be 
monetised and included in the TfL benefit to cost ratio. 

Impact Into TfL BCR? 

Climate change WebTAG tool (Section 18.7) 

Employee productivity Only from Absenteeism (Section 17.3) 

User experience of the public realm Ambience Benefits Calculator / Urban Realm Toolkit  

Noise WebTAG tool:  (Section 18.5) 

Improvement in Safety Section 15: Safety 

Increase in physical activity HEAT (Section 17.3) 

Improved air quality WebTAG tools (Section 18.6) 

Crime reduction Use calculator in BCDM Data Book. Section 16.5 

 

For monetised benefits for user experience of the public realm there are two main approaches and 
it is for the Sponsor to decide which is appropriate for their scheme. 
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16.4.3 Monetisation of Benefits 

The Urban Realm Toolkit provides a monetary valuation for the different benefits and produces a 
benefit to cost ratio. The benefit to cost ratio that is output is compliant with DfT WebTAG 
methodology (and therefore the BCDM) but some additional elements such as Land Values are 
monetised and should not enter the benefit to cost ratio.   

Instead these monetisations are used to support multi-criteria assessments and can be quoted in 
the strategic narrative of a business case and an appraisal summary table but it should be made 
clear that they are not included into the standard benefit to cost ratio. An example of this is the 
retail impact and residential property price impact. There is no agreement that these are social 
benefits, as the benefits accrue to those owning the assets however those who are aspiring to be 
asset owners clearly receive disbenefits as they are less likely to be able to afford the asset.  For 
this reason, these elements in particular can be used as supporting evidence in a business case 
narrative, particularly when being used to justify funding proposals, but they should never enter the 
benefit to cost ratio. 

The Urban Realm Toolkit is best used for the following elements, highlighted in bold in the table 
below: 

• B6 Retail Impact (Retail Rents) 

• B7 Residential Property Price Impact 

• D2 User experience of the Urban Realm 

For the other elements, it is either better to use models and calculators that are kept up to date, 
particularly the suite of calculators provided by the DfT: 
https://www.gov.uk/government/publications/webtag-environmental-impacts-worksheets 
or other standard TfL models or they are qualitative in nature. 

The list of Urban Realm Toolkit sections does however provide a useful checklist of elements to be 
considered when producing an Urban Realm business case. 

Urban Realm business cases should demonstrate that the optimal value solution has been 
determined, and the toolkit is appropriate for this optioneering. 

A guide to the different elements is provided in the table below, along with guidance on what to do 
with the output. 

Table 16-1: Urban Realm Toolkit Sections – BCR Admissibility 

Policy 
Objectives Code Impact Can this go in the BCR? 

Climate 
Change 

A1 Mode shift Yes – Use WebTAG tool (Section 18.7) 

A2 Embedded emissions 
Yes – Use WebTAG tool (Section 18.7) 
– but more difficult to estimate 

A3 Climate change adaption No – Qualitative 
Economic 
Growth 

B1 Improved local connectivity 

Yes –  Use classic approach to 
estimating journey time changes 
(Models or JT Calculator) 

B2 Tourism No – Qualitative 
B3 Inward investment No – Qualitative 
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The number of working people affected may be calculated from the average proportion of cyclists 
and walkers who are employed (65%3) as a proportion of the total number of people expected to 
use the facility produced by TfL. 

Calculations of the benefit to employers where n = total number of new active travellers (more 
than 30 minutes per week) using facility:  

1) Total number of sickness days saved by employers as a result of TfL facility  

= (65% of n) x (25% of 5.3 days) 

= (0.65 x n) x (0.25 x 5.3) 

= Y days per year 

2) Total annual financial benefit to employers (£)  

= Y days x £134 [daily median gross pay for London]  

= £Z per year 

17.4 Health Examples 

17.4.1 Health Impact 

Below is an example of how the World Health Organisation Health Economic Assessment Tool 
(WHO HEAT) has recently been used in TfL.  

The Business Case for the Cycling Vision included a cost benefit analysis, which gave a benefit to 
cost ratio of 2.9:1. Net benefits totalled £3.1 billion and included business, environmental and 
public realm benefits as well as health. Health benefits were equivalent to £2,173m over the 15 
year appraisal period from 2026 (prevention of 165 premature deaths per year), which was second 
in sum only to journey time benefits.  

HEAT was used to calculate the health benefits of increasing cycle mode share across London 
from two per cent before the intervention to five per cent after the intervention.  

Table 17-1: Cycling Vision HEAT Input – data and assumptions 

 Pre-intervention (2009 
data) 

Post-intervention (2026 estimated 
total)  

Total number of trips 
observed  

513,540 cycle trips on an 
average day  

1,450,682 cycle trips on an average 
day (excluding trips derived from 
population growth)  

Number of individuals 
cycling  

1,767,323 (cycling 
population)  

2,926,666 (estimated cycling 
population)  

How many days per year do 
people cycle?  

53 days a year in 2009  90 days a year in 2026.  

Average cycle trip distance  3km  3km  

3 L ondon T ravel D emands  S urvey (L T DS ), 2010/11 to 2012/13 
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further work is necessary.  The amount of effort being put in to assess impacts must be 
proportional to the impact that it will have on decision making.  If the impact is small or negligible, 
then it is ok not to undertake further more significant assessment. 

18.2.1 Emissions to air 

Will the project generate emissions to air? 

• Are they of environmental concern?  (e.g. greenhouse gases, ozone depleters, particulates 
(black smoke), NOx) 

• There is various legislation and Mayoral requirements relating to these emissions? 

• Are alternatives available that have lower emissions? 

• Will the new asset result in more or less emissions? 

18.2.2 Discharges to water / effluent  

Will the project change the quality or quantity of discharges to water? 

• Are they of environmental concern?  (substances contained in discharges) 

• Are any additional discharge consents required? 

• Are there alternative approaches that will result in reductions in the quantity of the 
discharges? 

• Are there alternatives that will improve the quality of the water discharged? 

18.2.3 Contaminated land 

Is the site to be used contaminated? 

• What measures will be taken to ensure that environmental risk is reduced during the 
demolition, excavation and construction period? 

• What measures will be taken to ensure that environmental risk is reduced during the 
subsequent use of the site? 

• Can an alternative site be used? 

• Does Land Remediation Relief (Tax Rebate) apply in a similar way to energy projects (see 
4.7). https://www.gov.uk/hmrc-internal-manuals/corporate-intangibles-research-and-
development-manual/cird60015  

18.2.4 Noise and vibration 

Will there be a change in levels of noise and vibration as a result of the project? 

• Is there an option which would generate less noise? 

• Can construction work be carried out at less sensitive times? 

• Can measures be implemented which will reduce noise or vibration  (e.g. barriers, screening, 
etc.)? 

• What are the operational implications of increased levels of noise or vibration?  (e.g. 
reduced speed and frequency, hours of operation) 
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18.2.5 Resource Use and Waste 

Will a significant amount of resources be used or waste be generated by the project? 

• Can materials and resources used be minimised (e.g. through design)? 

• Does our used materials or waste have a value that can be realised (e.g. from reuse, scrap 
value of old trains)? 

• Have costs of materials and waster transport and disposal been quantified? 

• Will the levels of operational waste subsequently be increased? 

• Provision must be made for the segregation of waste during the lifetime of the facility (legal 
requirement)? 

• Can parts of the old asset be utilised as an input to this or other projects? 

• Can the waste be reduces, reused, recycled or recovered? 

• Has minimising waste been considered as part of a refurbishment / renewal decision? 

• Will hazardous waste (e.g. asbestos, clinical waste) be generated?  How will this be dealt 
with? 

18.2.6 Dust 

Will the project lead to increased levels or circulation of dust? 

• Can measures be included within the project to reduce dust? 

18.2.7 Energy use 

Will energy consumption increase or decrease as a result of this project? Complete Carbon and 
Energy Efficiency Plan (Pathway Product). 

• Have energy efficient options been investigated (e.g. lighting, pumps, motors, air handling 
units etc.)? 

• Is there an opportunity for incorporating renewable energy technology? 

• For refurbishment and new build, does the project include metering of the site? 

• On London Underground, have the impacts of additional energy consumption on tunnel 
temperatures been considered? 

18.2.8 Water consumption 

Will water use increase or decrease as a result of this project? 

• Can ‘greywater’ be recycled? (there may be issues with storage) 

• Can rainwater be collected from site? 

• For refurbishment and new build, does the project include metering of the site? 

• Is the impact on drainage sustainable? 

18.2.9 Biodiversity 

Will any natural habitats be disturbed as a result of this project? 
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• Are there any tree preservation orders? 

• Are there invasive plant or animal species? 

• Is the presence of any protected species suspected at the site? 

• How will these issues be dealt with (e.g. species relocation, instructions to contractors 
etc.)? 

• Can the timing of the project be adjusted to avoid a nesting season? 

• What reinstatement works will be undertaken as part of the project? 

• Does the project provide opportunities for enhancing the wildlife value of the site? 

• Does the project provide opportunities for enhancing green infrastructure? 

18.2.10 Historic Environment 

Does the project have an impact on sites of heritage importance? 

• Does the project include works on a building that currently has, or is being considered for, 
national or local ‘Listed’ status? 

• Is the site adjacent to buildings that are ‘Listed’? 

• Does the site contain any features of significant design or architectural value? 

• Is the site within a conservation area? 

• What measures will be taken to ensure that the heritage value of the site is preserved? 

18.2.11 Materials 

Does the project involve the use of hazardous or other environmentally sensitive materials? 

• Are any of the following materials involved: Mercury, Asbestos, HCFCs, Halons, Solvents 
(degreasing, cleansing etc.), other cleaning chemicals, acids, Cadmium, lead, nickel, zinc, 
chromium? 

• Are there alternatives that are more environmentally acceptable?  (e.g. galvanising rather 
than cadmium plating) 

• Are there independently environmentally certified materials that could be used? (e.g. Forest 
Stewardship Council timber) 

18.2.12 Storage of hazardous materials 

Will the project result in long term storage of hazardous materials (e.g. fuels, oils, anti-freeze)? 

• What are the additional materials now being stored? 

• How are they to be stored? 

• Are additional bunds, interceptors, etc. required? 

• Is the storage facility sited near to the point of use? 

18.2.13 Modal shift  

Will the project produce a significant modal shift (i.e. greater than 1m trips p.a.) ? 

• Approximately what level of modal shift is expected? 
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18.5 Noise 

18.5.1 Overview 

Noise impacts include: 

• Annoyance; 

• Sleep disturbance; and 

• Health, including heart disease, stress and dementia. 

The impact of noise should be considered in business cases when appraising a scheme.  This 
includes the impact of: 

• The ongoing operational impact of the scheme to be introduced; and 

• The impact during construction. 

18.5.2 Methodology 

The ongoing operational impact of the scheme to be introduced 

The basis for this methodology is the DfT WebTAG unit A3: 
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/487684/TAG unit

a3 envir imp app dec 15.pdf 

The WebTAG unit above contains links to noise quantification tools for: 

• Road Traffic Noise 

• Railway Noise 

• Aviation Noise 

An assessment needs to take place on the population affected by that noise. This is estimated 
based on the number of households experiencing different levels of decibels either during the 
daytime or over night for both with/without scheme alternatives. The impacts should be assessed 
for the opening year and at least one other forecast year. 

This is monetised using the DfT WebTAG Noise workbook: 
https://www.gov.uk/government/publications/webtag-environmental-impacts-worksheets 

The benefits should be grown in real terms by the growth in real incomes, i.e. the real increase in 
GDP per capita.  This is the same as the Value of Time growth rate in either the TfL business case 
spreadsheet, BCDM Data Book or the DfT WebTAG data book. 

The impact during construction 

The impact during construction is the primary concern of many people affected by the construction 
of a scheme.  It is therefore imperative that this impact is considered in the business case appraisal. 
The impact can be assessed in the same way as the operational impact above.  The data needed is 
the expected change in decibels either during the day and / or overnight multiplied by the number 
of households affected. 
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Abatement Cost Approach 

The abatement approach is appropriate only where pollution is already in breach of legally binding 
obligations, or where this is expected as a result of the policy under consideration. The abatement 
cost approach supplements the existing damage based approach by considering the cost of any 
action necessary to comply with legal obligations.  

If legally binding obligations are not met remedial actions will be needed to restore compliance, or 
fines will be imposed. Consequently decisions that result in non-compliance may create 
substantial financial liabilities. The abatement cost approach recognises this, and values any 
changes in air quality that exceed an obligation at the cost of subsequently restoring compliance. 
This approach used marginal abatement cost (MAC) methodologies developed by the Inter 
Departmental Group on Costs and Benefits (Air Quality) (IGCB(A)) and published in HMT 
supplementary Green Book guidance. 

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/197893/pu1500-
air-quality-greenbook-supp2013.pdf  

If a change in air pollution is partly within an obligation and partly in excess of it, abatement costs 
should only be applied to the latter change with damage costs used to value the part of the change 
that maintains compliance. 

To determine whether a proposal will affect compliance, the following 3 stages are required;  

• Estimate current concentrations in affected areas;  

• Determine changes in concentrations as a result of the proposal (either Damage Cost or 
Impact Pathway Assessment, as appropriate)  

• Determine impact on relevant legally-binding obligations 

The UK legally binding obligations are set in EU directives, primarily the Air Quality Directive. 

The current information on state of compliance for different pollutants is available at: 
https://www.gov.uk/air-quality-economic-analysis 

Having estimated the change in air quality, the monetary cost estimate of this change is calculated 
using the unit abatement cost. There are two methods to value changes in air quality using 
abatement costs, depending upon the scale of the impacts; 

1. Estimate the scale of the change in air quality using unit costs in terms of marginal cost of 
emissions (usually £/tonne). Unit costs are derived from Marginal Abatement Cost (MAC) curves, 
which reflect abatement potential and cost of different abatement technologies. The unit costs 
only present an extract from the complete MACC and therefore only produce an indicative 
estimate. As such, this approach is only recommended where 

• As an initial assessment if a wide range of policy options which may the require  a more 
comprehensive assessment; or 

• Where air quality impacts are expected to be <£50m NPV. 

2. Where a decision is likely to have a significant impact on compliance (i.e. NPV >£50m) then 
more detailed analysis is recommended to determine the most appropriate MAC value. This 
method can include existing tools such as the marginal abatement cost curves e.g. for NOx and 
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for particulate matter (PM). The flexibility of this approach provides a more accurate estimate 
than the single figure applied in Stage 1 above. Further advice can be sought from Defra, 

  

Although based the methodology is based on cost of compliance, MAC valuations are an 
alternative approach for calculating benefits and should therefore go into the top of the equation 
when calculating the BCR.  

Further guidance on the abatement cost approach can be found at; 

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/197898/pb13912-
airquality-abatement-cost-guide.pdf 

18.7 Climate Change (Greenhouse Gases) 

18.7.1 Overview 

The Climate Change Act 2008 sets out the approach to managing and responding to climate change 
in the UK based on a legally binding target to reduce greenhouse gas emissions to at least 80% 
below base year (1990 or 1995 depending on the gas) levels by 2050. There are increasingly harsh 
targets to achieve at five year intervals in order to achieve the overall reduction and each sector is 
expected to play its part in taking action to achieve these targets. 

Carbon dioxide (CO2) is by far the most important greenhouse gas. Calculation of the emissions 
impact of projects should be based on CO2 equivalent emissions (CO2e). 

The Mayor’s Climate Mitigation And Energy Strategy (2011) adopts a target of 60% reduction in CO2 
emissions by 2025, with interim targets for 2015 and 2020.  

The Mayor’s Transport Strategy focuses on three key themes: 

• Improved operational efficiency – to minimise unnecessary CO2 emissions 

• Supporting and enabling the development and use of low carbon vehicles, technology and 
energy. 

• Carbon efficient mode choice – to improve the attractiveness of low carbon modes such as 
walking, cycling and public transport and to enable the movement of freight by water and 
rail. 

For more details see Mayors Transport Strategy: 
https://www.london.gov.uk/what-we-do/transport/our-vision-transport/mayors-transport-strategy  

18.7.2 When should the impact on Greenhouse Gases be evaluated? 

An appraisal of the change in CO2 production should be made for: 

• Projects which significantly alters private and/or public transport traffic volumes, or creates 
modal shift.  

• Projects where replacement of existing technologies or infrastructure will generate a 
significant change in energy use and therefore CO2 production, for example on stations and 
in offices. 
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19. Economy 
19.1 Overview 

Economic benefits can only be included in appraisals for schemes that have a large transformation 
effect. They are complicated and difficult to estimate and it is only worth putting in the effort for 
the largest of initiatives. 

For all schemes the actual process of realising impacts on the economy from transport 
interventions (Transmission mechanism) should be set out. For larger schemes further steps can be 
taken towards quantification but for smaller schemes the effects should not be overly emphasised 
if they have not been subject to rigorous verification.   

19.2 DfT WebTAG 

The Department for Transport has recently consulted on changes to guidance for Economic 
benefits. Benefits in a benefit to cost ratio must represent value to society as a whole as estimated 
through welfare economics (i.e. increase in utility to individuals).  Economic benefits however are 
calculated in a slightly different way and which effectively represent uplift to Gross Domestic 
Product (GDP).  Some of these are deemed to be net additional value that can be added to the 
benefit to cost ratio and some are double counts of the classic transport benefits or not proven to 
be net additional.  Because of this only some benefits can be added to the benefit to cost ratio. 

If a wider GVA figure has been calculated then it should be presented in multi-criteria analysis 
framework and made explicitly clear to the decision maker to what extent it is net additional or a 
different way of looking at the same thing.  All the benefits in an Appraisal Summary Table (AST) 
should not be added together to produce a bottom line benefit to cost ratio, as this will be a 
flawed representation of value for money. 

For WebTAG guidance on Wider Impacts: 
https://www.gov.uk/government/publications/webtag-tag-unit-a2-1-wider-impacts  

Key points in this guidance are as follows. 

• It is acceptable to monetise some economic benefits (net increase in GDP), however they 
should be combined into a sensitivity benefit to cost ratio rather than be presented as a 
central case.  They should be described as economic benefits rather than social benefits as 
many people point to associated disbenefits such as the affordability of houses. 

• Land Values are acceptable to illustrate an impact on certain groups and to make a case for 
funding from the beneficiaries of transport investment however they are not considered a 
social or economic benefit that can be included in the benefit to cost ratio or GVA. The 
main use of Land Values is to inform of the potential value that private developers are 
receiving from transport investment to enable an informed negotiation to take place to 
obtain funding.   

• The economic impact on local economies (such as a local high street) is largely 
redistributive.  Effects can be quantified and used to illustrate an effect but they should 
also not enter the benefit to cost ratio. 
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Private sector contributions, such as those from Developers (even though they may come via a 
Local Authority Section 106 funding agreement) are netted off the public sector costs and also the 
social benefits on the top of the benefit to cost ratio as they are a cost to business. The business 
must get some value out of the contribution but these will manifest themselves as increased land 
values, increased rents or increased retail sales and these are double counts of the transport 
benefits estimated in the traditional way. 
 
Land values are also not proved to be a net additional effect.  If land value goes up in one area, 
then that may just mean that land values have not gone up by as much elsewhere.  It is also much 
more difficult to isolate the effect of transport improvements on land values to make the 
estimation of them reliable and robust. 

19.3.2 Number of Homes Access Is Opened Up For 

If it is thought that different options can deliver access to support different numbers of homes, 
then this should be a quantifications supporting Multi-Criteria Assessment and can enter the 
Appraisal Summary Table (AST) to demonstrate the impact. Market failures leading to an under-
supply of homes is accepted as an important strategy area and interventions designed to address 
this are essential.  There is no accepted social benefit value of this however so this must be shown 
in a quantified but non-monetised way. It is possible to demonstrate potential user benefits of 
areas to be developed using the WebTAG Dependent Development methodology: 
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/541209/webtag-
tag-unit-a2-3-transport-appraisal-in-the-context-of-dependent-development.pdf 

19.3.3 Number of Jobs 

In a similar way to the number of homes access is opened up for, the number of jobs access is 
opened up for is an important quantification that is not monetised. Journey time reductions can 
express accessibility improvements in areas of high unemployment. 
 
It is also the case that jobs are redistributed as a result of schemes.  Improving accessibility to 
central London for instance will improve the attractiveness of that area compared to outer London, 
the wider South-East and perhaps the rest of the country.  At a National level this is of no interest 
to Government, however there are economic impacts and productivity effects that are a net 
additional effect and can be included using the WebTAG methodology. The expected number of 
jobs to be transferred between areas should be set out to illustrate distributive effects only and not 
imply that the jobs themselves are additional at the National level. 
 
Economic improvement and job increases as a result of Foreign Direct Investment (FDI) are only 
worth considering for a very few specific cases. Where this is considered, the effect should be 
considered as a sensitivity case in the first instance and the evidence provided as to why the 
scheme will lead to FDI.  The evidence base is currently very thin for FDI and the figures are 
somewhat speculative, so this uncertainty should be acknowledge in any appraisal. 
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19.4 Tools 

19.4.1 Funding Analysis 

Overview 

 
The Funding Analysis model forecasts the land value appreciation and money that could be 
generated from commercial and residential development in any borough(s) in London. The 
development is not restricted to transport schemes, and the model can be used whenever a 
scheme will increase the number of homes (residential development) and/or the number of 
businesses (commercial development) in London. 
 
The model estimates the amount of money that can be generated from: 

• Mayoral (MCIL) and Community Infrastructure Levies (CIL); 

• Stamp duty revenues 

• Council tax receipts 

• Business rates receipts 

• Increases in land value 
These sources can in turn contribute to the funding of the scheme and thus some of the money 
generated can be included as Third party – public sector contributions in the Business Case Model. 
This will affect the financial impact in the benefit to cost ration and the affordability of the scheme. 
 
The model has been used to forecast the contribution these sources could make to fund an 
extension of the DLR from the Beckton line across the river to Thamesmead. The model forecasted 
that a contribution of between 25% and 40% of the total cost of an extension could come from 
these sources. 

Data Requirements 

The data requirements below will indicate to the Sponsor developing the case the level of effort 
and expense likely to use the tool. 
 

Inputs Possible data source 

Borough(s) under consideration Project lead 
Number of net additional housing units  Analysis of development capacity of the area. This may 

be done by TfL or a consultant 
Average sqm(s) per housing unit Analysis of development capacity of the area. This may 

be done by TfL or a consultant 
Proportion of affordable housing units; Shared 
ownership and Socially rented 

This is likely to be defined by the borough or the Mayor 

Definition of what  affordable housing4 means (shared 
ownership and socially rented)  

tbc 

Average house price(s) of new units that will be built A specialist in real estate 
Increase in property value due to investment as an 
annual growth rate  

A specialist in real estate 

Start date and end date of increase in property price due 
to investment 

A specialist in real estate 

Stock turnover rate (the frequency that houses are A specialist in real estate. Or the GLA may have data on 

4 currently it is assumed that affordable housing simply means that unit price is 30% of the market price 
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20. Financial Benefits 
20.1 Overview 

For many projects the benefits will be in financial terms rather than as social or economic benefit. If 
this is the case please refer to the Financial Effects section 3. In this situation a benefit to cost ratio 
is not appropriate and a Financial Effect will be returned (i.e. just the bottom of the benefit to cost 
ratio). Together with the payback period, this will indicate the attractiveness of the project. 

This section is therefore entirely focused on financial effects that are derived from the social 
benefits in the preceding sections. 

20.2 Calculation of Revenue Effects from Social Benefits 

If passengers are given benefits which are not specifically recovered from fare increases then the 
demand for travel will grow, and revenue will increase.  The extent of revenue increase can be 
calculated by multiplying the passenger benefit by an elasticity factor. 

Elasticities are usually calculated by reference to the effects of fare changes.  For example, a fares 
elasticity of -0.28 implies that a 10% increase in fares results in a 2.8% loss in passenger revenue.  
As the benefits that passengers receive from improvements are measured in monetary terms it is 
now possible to use the same elasticity (without the minus sign) to indicate the extra revenue that 
will arise from passenger benefits. So an extension of the above is that a 10% increase in social 
benefits such as crowding reductions will result in a 2.8% increase in revenue. 

Since the public sector subsidises transport services, for appraisal purposes only the overall 
changes in revenue for all public transport modes should be included.  For example, revenue gained 
by LUL resulting from transfers from bus and rail is subtracted from the total gain.  To calculate the 
"new to public transport" revenue, conditional elasticities are used.  These are given in the BCDM 
Data Book and Business Case Model Spreadsheet: http://intranet.tfl/our-organisation/strategy-and-
planning/Developing-business-case.aspx . The conditional elasticity is used to estimate the change 
in revenue in the long term since it is assumed that other transport modes will institute a similar 
degree of improvements. 

This elasticity approximation is satisfactory for small changes to services but needs to be 
supported by further evidence where larger changes are implemented. A cap is placed on the 
forecast of extra revenue due to a service improvement, such that the implied increase in demand 
does not exceed 10% of the existing number of passengers who experience the service 
improvement. Beyond this cap, further increases in forecast revenue due to the improvement will 
require additional supporting evidence. 

A notable example of likely exceedance of the limits of elasticity approximation occurs with LUL 
congestion relief projects where value derives from avoiding a significant worsening of congestion 
at a station. In extreme cases congestion delays can be forecast to build up exponentially beyond 
the point where they can plausibly be modelled. In this Do Nothing scenario, delays should be 
estimated in two steps. The first step is to model up to a suitable point where the level of delays 
to passengers still remains plausible. The second step is to extrapolate this worst plausible level of 
delay to passengers in the remaining part of the peak with the heaviest demand. Following this, the 
Do Something scenario should best be regarded not as generating extra demand, but avoiding the 
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BCDM Data Book and Business Case Model Spreadsheet: http://intranet.tfl/our-
organisation/strategy-and-planning/Developing-business-case.aspx 

The own price elasticity should only be used to calculate the effect on LUL or LB income in the 
short term and not for appraisals.  TfL Business Case Development ) should 
be consulted on all occasions when calculations using own price elasticity are considered. 

20.3 Revenue Effects In The Benefit To Cost Ratio 

The revenue effects outlined above can be included for new trips in the benefit to cost ratio for 
relatively simple schemes. Typically, the user benefits would be estimated and the elasticities 
applied to represent the revenue benefit form new users. For these cases, the revenue just nets off 
the overall lifecycle cost to TfL, so reduces the cost and improves the benefit to cost ratio.  

The theory for revenue is that it is a user charge and should be netted off the user benefits (i.e. top 
of the benefit to cost ratio) as well as the cost. Most of the time this does not need to take place in 
our appraisals outlined above because the new users would be willing to pay at least the value of 
the fares to make the journey (or they wouldn’t make it) to get the time benefits.  So long as new 
user time benefits are not included in the top of the benefit to cost ratio, it is ok therefore to not 
put new user revenue in as a disbenefit.  

This gets more complicated when new user benefits are also estimated, typically for larger 
schemes and applying the rule of a half. If the modelling that underpins this work is based on 
generalised cost (i.e including changes in fares, tolls and road vehicle operating costs rather than 
generalised time) then it should automatically include revenue / user charge changes.  If just a 
generalised time change is output and entered as a benefit into the benefit to cost ratio, then new 
user revenue should also be entered as a disbenefits (i.e. a user charge) on the top. 

To reiterate: for a simple scheme without separate time benefits for new users, the revenue effect 
can just enter the bottom of the benefit to cost ratio as a reduction in net financial impact to TfL. 

20.4 Financial Impacts On Existing Users 

Most scheme business cases should not be modelling changes in fares for existing users. If there 
are any legitimate fare changes as a result of the scheme (as well as changes in tolls, user charges 
or private vehicle operating costs) should be reflected as either a benefit or disbenefits to 
individuals on the top of the benefit to cost ratio and the financial impact of that change on TfL (or 
other transport agencies) should be put on the bottom. 
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21.3 Apportioning benefits between two or more projects 

When two or more projects contribute jointly the achievement of certain benefits, apportioning 
may or may not be appropriate. In the first example, suppose project A provides about twice the 
extra space that a later project B will contribute towards the relief of congestion in a station. 
Project A might have an excellent benefit:cost ratio, whilst an incremental appraisal of the project B 
might show a much poorer ratio (though still above the value for money benchmark). However, it is 
possible to envisage that, if the projects were appraised in the reverse order, project B’s 
benefit:cost ratio would be much improved (since the relief of the heaviest congestion brings the 
greatest benefits). Under these circumstances, it would be appropriate to use a method which is 
robust to the order in which the projects are carried out, by apportioning the overall benefits in the 
ratio 2:1. 

In the second example, suppose the attainment of a new peak frequency on an Underground line is 
completely dependent on two different infrastructure projects: a power supply upgrade, and a new 
signalling system. Should the total benefits be apportioned? (How would it be done, is it on the 
basis of cost of each project? How would the other benefits of the projects be taken into account?) 
Apportioning the benefits would be quite arbitrary, and in this case there is no alternative to a joint 
appraisal of the two projects.  

It is also worth considering a combined programme level business case showing the overall value of 
the programme that undertakes the analysis to decide which order to undertake the projects (see 
2.11). 

21.4 Social inclusion (and distributional impacts) 

The Treasury’s Green Book revision (2003) highlights the need to consider distributional issues – 
how benefits and disbenefits are apportioned amongst different groups – in appraisals.   

In transport appraisals, it may not always be possible to distinguish impacts on different income 
groups. Nevertheless, some groups, e.g. bus passengers, are known to have lower than average 
incomes. Another example where different impacts can be distinguished would be where high level 
modelling enables particular journey time savings to be related to geographical areas whose 
populations have different levels of deprivation. Where such analysis is available, the appraiser 
should quantify and draw attention to any differential impacts of a proposal.  

Distributional evidence should be presented in the Strategic Assessment Framework (see Section 
11) which allows differential impacts to be assessed, not only with respect to the deprivation 
categories listed in the note below, but also regarding gender, race, etc. Significant distributional 
impacts should be outlined in the Business Case Narrative. 

In particular, any benefits favouring – or disbenefits further disadvantaging – groups which are 
socially excluded, should be highlighted. 

Note. The Government’s Index of Multiple Deprivation (IMD) (2015) provides a guide to the extent 
of various types of deprivation within areas (though does not reveal to what extent individual 
households are subject to multiple deprivation). The IMD uses indicators under seven broad 
headings (‘domains’) which are weighted as follows:  
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income 22.5% 

employment 22.5% 

health & disability 13.5% 

education, skills & training 13.5% 

Housing and services 9.3% 

living environment 9.3% 

crime 9.3% 

Table 2-1:  Weightings for Domains of Deprivation 

Each ward is given an overall IMD score, which is the sum of its weighted domain scores. A high 
score or a low rank indicates an area of higher deprivation, where adverse distributional issues 
should be carefully considered. 

The link below provides data for all Local Authorities and wards to determine deprivation levels: 
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2015 

21.5 Industrial Relations Impacts 

Any change initiative that is being appraised need to include all the potential costs and benefits of 
that change in the benefit to cost ratio.  This includes the potential impact on industrial relations. If 
there is a high risk of lengthy industrial relations issues, then these may far out weight the potential 
benefits. 

Industrial relations issues can be included in several ways: 

• Certain costs – an attempt should be made to estimate these and include them as a cost.
These may not be bourn by the project expected final cost, they could be expenditure by a
central department such as HR but they are clearly a cost of the initiative.

• Project risk – any project cost that may be affected by industrial relations (i.e. it is
uncertain) should be estimated in the risk register.

• Opex costs (such as wages) and impact on revenue as a result of strikes should be
estimated and the time impact to passengers estimated. The uncertainty of these impacts
should be acknowledged and various sensitivity tests used to show the potential impact on
value for money/
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• The condition / risk profile and impact if the funding was reduced (options)

• Capital costs

• Costs and dis-benefits avoided through the intervention(s)

• Whole Life Cost over the life of an asset or portfolio

• Demonstration that the intervention(s) deliver optimal value for money

The preferred option for a Delivery Portfolio is a programme of renewal interventions that deliver 
optimal whole life value across the asset portfolio, for the available funding. This should be 
compared to a ‘do minimum’ base case, which usually requires increased levels of maintenance as 
the assets continue to deteriorate, often coupled with decreased performance. It is good practice 
to also include other options, such as reducing or deferring the investment, which further 
strengthens the case by demonstrating the preferred option is optimal solution. 

The diagram below shows an overview of the key asset management activities required to ensure 
interventions deliver maximise value for money and which should be summarised in the Business 
Case:   

Figure 22.1: Key Asset Management Activities for Demonstrating Value 

22.3 Asset strategy 

The asset strategy is the long-term plan of activities for managing, developing and maintaining an 
asset portfolio, or group of similar assets that are required to support TfL’s strategic goals and 
business objectives. The strategy should provide the methodology for balancing the trade off 
between condition, risk, performance and cost through optimisation of lifecycle activities that will 
deliver the specified outcomes, whilst taking into account degradation and the effects of changing 
demand on the asset portfolio. 
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Different decision support tool / models may therefore be used at different stages of the decision 
making process, depending on the capability of the model and the complexity of the decision being 
made. 

Life cycle cost and value decisions are only ever as good as the information on which they are 
based, including asset condition, risk, capital cost of renewals and operating and maintenance 
costs, both now and as the assets degrade through their life. However, assumptions will often be 
uncertain due to inadequate data, or variability in asset behaviour and knowledge gaps. Sensitivity 
testing should be carried out to identify the robustness of result and test the assumptions that 
have a big effect on the results as even highly uncertain assumptions may be acceptable, if they do 
not have a significant effect on the results. A tool such as SALVO can be helpful by assessing the 
value of obtaining better information. 

22.5.1 Asset Classification 

Due to the large number of assets in some portfolio’s, it is helpful to sub-divide assets into smaller 
groups with common attributes and generally perform in similar ways. This categorisation should 
take account of material type, construction, deterioration rate and function criticality, so that asset 
risks and costs are similar for optimisation purposes. Although all the assets within a classification 
will have the same optimised lifecycle interventions, each asset can be at a different place along 
the timeline, according to its current age and condition. 

22.5.2 Asset Condition and Trigger Values 

Once optimised lifecycle interventions have been identified for each asset category, the 
intervention point can be related to a specified asset condition. An asset will can therefore be 
considered for renewal once the asset condition reaches a pre-defined ‘trigger value’. These trigger 
values will vary between asset types and are based on a range of criteria including physical 
condition, faults, defects, and performance. 

The approach can be used to narrow down the number of assets at the portfolio prioritisation 
stage, ensuring only assets at or approaching, its trigger value are considered for renewal. 
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Appendix A: Models and Simulation Tools 
A.1 Introduction 

This appendix contains detailed descriptions of modelling tools commonly employed in quantifying 
benefits for the purpose of the business case.  The appendix is arranged in the following sub-
sections: 

• Summary table of all models described

• The four-stage modelling concept

• The hierarchy of TfL models

• Land use and transport interaction (LUTI) modelling

• Demand modelling

• Strategic public transport modelling

• London Underground operational modelling

• Strategic highway modelling

• Tactical highway modelling

• Micro-simulation modelling

• Bespoke strategic models

• Pedestrian Modelling

• Cycle modelling

• Connectivity assessment tools

• Emissions modelling
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A.3 The Four-Stage Modelling Concept 

The process of forecasting how travel demand would change in a new scenario follows an approach 
known as “four-stage modelling”. Each “stage” represents a single type of decision that travellers 
need to make, analysed separately. This does not necessarily mirror the decision making process of 
any individual, but is a simplification of  the complex behavioural phenomena, of the population as 
a whole translated into a feasible analytical process. 

The four-stage approach has evolved over many years, and it may now include additional steps, 
since some observed responses of travellers to transport interventions were not included 
originally. The term “four-stage modelling” is still conventionally used to cover the expanded 
process. 

The behavioural responses included in the four-stage approach form a hierarchy, whereby the first 
stage provides input to the second stage and so on through to the final stage. The process is 
iterative, with the output of a subsequent phase altering the input to a previous phase. The whole 
process may therefore be repeated from top to bottom several times because the understanding 
of behaviour is updated in each iteration, using better estimates obtained in the previous iteration. 

The order of the stages in the modelling sequence has mathematical implications that go beyond 
the scope of this text. As an intuitive explanation it can be said that the earlier stages stand for 
responses that travellers will only rarely consider changing. If something changes about a traveller’s 
journey, they would more readily reconsider the choice they made in the last stage (e.g. which bus 
route to use) than the choice made in the first step (e.g. where to live). 

The traditional four stages, as well as components added later to this convention, are important to 
consider when preparing a business case. These components include: 

i. Trip Generation – How many trips will be made? 

Population forecasts, economic forecasts and land use patterns are needed as inputs to this stage 
in the traditional four-stage approach.  Trip rates (i.e. number of trips made per person) are derived 
from historical information such as surveys and census data. The calculations are made separately 
for a number of different trip purposes (such as commuting, business and leisure).  The output of 
this stage is known as ‘trips ends’, i.e. the estimated number of trips that start or end in a particular 
geographical area. An agreed split of the overall study area into such geographical areas is referred 
to the “zoning system”, and each individual area is a “zone”. 

ii. Mode Split or Mode Choice – How will people travel? 

Traditionally this was the third stage in the four-stage hierarchy, but more recent evidence supports 
the decision to place it as the second tier of decision making. This stage uses parameters that 
represent user preferences in the relevant area to split the trip ends between different travel 
modes – primarily between trips made by car and trips made by public transport. Some mode 
choice models further split public transport demand into specific public transport modes such as 
rail, underground and bus. Recently there has been progress in also incorporating walking and 
cycling into mode split models, but this is an area of modelling which is still under development. 
The choice between modes in any mode choice model takes into account the travel time to make a 
journey by each of the available modes, weighted to reflect the relevant inconvenience of each 
element of the journey such as waiting time, transfer time and in-vehicle time. Other variables that 
affect mode choice are out-of-pocket costs including fares, the availability of a car for use, and  
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other factors representing real or perceived bias towards or against certain modes (such as the level 
of privacy, comfort and flexibility when travelling). 

iii. Trip Distribution – Where will the trips go? 

Travel and traffic analysis requires full information on trip origins and destinations. Trip generation 
and mode split are often analysed at the trip end level, i.e. as the totals for all the origins and all 
the destinations separately. At the trip distribution stage, trip ends for origins and destinations are 
linked together, to produce a full Origin to Destination (O-D) matrix.  Traditionally this was done 
before the mode choice stage, hence it was the second stage in the modelling hierarchy, whereas 
now it is more common, based on recent behavioural evidence, to model trip distribution as the 
third stage. Trip distribution calculations normally employ a ‘gravity’ process, whereby the trip ends 
(i.e. total trips to/from each zone) are broken down, using information on distance or travel time, 
into a full matrix for each trip purpose, describing the estimated number of trips from each zone to 
each other zone. 

iv. Time Choice – When will people travel? 

People may choose when to travel based on the time when they need to undertake an activity (e.g. 
get to work). But depending on the purpose of their journey and other specific circumstances, they 
may be able or willing to reschedule their journey in order to make it quicker, more comfortable or 
cheaper. Some tools can estimate this time shifting mechanism, which is particularly critical for 
pricing, charging or tolling schemes, where the price varies between the peak period and other 
periods. Time choice was not included in the traditional four-stage modelling approach. It is 
becoming more common as peak crowding and congestion become significant issues. Time choice 
is still not a common functionality, and potential enhancements for specific studies need to be 
considered if time shifting is likely to have a significant impact on their business case. 

v. Assignment or Route Choice – What routes will be used? 

Assignment models take the demand matrices from the previous step and work out how those 
trips would use the network available to them. Separate route choice models are available for 
London’s highway network (looking at driving routes) and for its public transport network (looking at 
the way passengers choose where to board, transfer and alight). TfL Planning also has an initial 
version of a highway model suitable for looking at route choices on cycling trips. All assignment 
models are iterative, since the number of people choosing each route affects travel times, levels of 
crowding and congestion, and these in turn influence people’s routing decisions.  The simulation of 
these decisions runs in a loop until an equilibrium position is reached. 

A.4 The Hierarchy of TfL Models 

The four stage process is undertaken with strategic level models which cover large geographical 
areas.  However, for many investment proposals within TfL a more localised but in depth 
understanding is required to appropriately quantify benefits (for example, more detailed localised 
analysis of the performance of signal settings in a junction or of crowding levels within a station).  A 
range of tools has been developed across the business drawing on specialised technical knowledge 
of assets and the interaction between these and the people who make use of them.  As the 
appraisal process continues to evolve and develop, these models will become ever more critical to 
informing management decision making. 

Most commonly, the operational and localised models make use of standardised output from the 
four stage process, and therefore the implicit assumption is that travel behaviour decisions 
forecast through the four stage process are not changed by the investment proposal.  Therefore a 
“hierarchy” exists in terms of the scope of the models and the way they are being used. 
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When planning how to appraise an investment, all these types of models should be considered, but 
not necessarily used. This is to be judged based on the likely credibility of forecasts from a model 
in each specific context.  

A.5 Land Use and Transport Interaction (LUTI) Modelling 

As explained in the Section 3 of the main text, the traditional approach to transport modelling is 
based on a four-stage process of trip generation, trip distribution, modal split and assignment. The 
traditional approach does not examine whether changes in travel demand trigger wider impacts 
over time, including people and businesses choosing to relocate, and the changes in prices and land 
uses associated with such choices. LUTI models are used to estimate such long-term impacts in 
studies or projects where they are seen as relevant. Changes in land use lead to changes in trip 
generation and subsequently in all other modelled choices; therefore, when a LUTI model is used 
on top of the four-stage hierarchical process, it is positioned at the top of the model hierarchy, 
above trip generation. 

LONLUTI 
Overview: LonLUTI (London’s LUTI model) forecasts urban, economic and transport change across 
the Greater South-East region, taking particular account of planning and transport interventions 
within London and immediately around it. The model is an application of the DELTA model, 
developed by the David Simmonds Consultancy. It forms an integrated package that combines 
DELTA with a version of the LTS transport demand model (see below). LonLUTI can produce a 
detailed set of forecasts of how the region will change over time given a set of economic and 
demographic scenario inputs combined with planning and transport policy information. 

Input:  Land use details, economic and socio-demographic data, and a transport network. 

Output: Population, households, employment by type; car ownership and car availability 
proportions; floorspace stock, vacant floorspace, rent, unused permissible development by 
floorspace type; origin and destination accessibility measures by household type, purpose and car 
availability level;  workers employed by activity and socio-economic level; travel-to-work data by 
socio-economic level and car availability; transport data (from LTS) including cost of travel by 
purpose, main mode and car availability. 

Area coverage: LonLUTI covers the whole of the Greater South-East, i.e. London, the South-East 
and the East of England. 

Transport modes: Same as LTS (public transport and highway). 

Journey/activity purposes: There are 40 household types (10 household types split by 4 socio-
economic levels); 40 income groups; 4 person types; 20 employment types; 11 floorspace types, 7 
travel purposes in the demand model; 2 highway assignment purposes. 

Time periods represented: 24 hours in the demand model; 3 time periods (AM peak, Inter Peak, 
PM peak) in the assignment as in LTS. An average weekday is represented (with no seasonality), and 
an average hour is represented in each time period. 

Base year: 2007; the model is currently being rebased to 2011. 

Future years: All years between 2007 an 2041, based on transport model outputs for 2007, 2011, 
2016, 2021, 2026, and 2031. 

Software: Pshell (LTS), Fortran (DELTA). 

Operation: Run and maintained by TfL and the David Simmonds Consultancy. 
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The model also stores annualised data covering total journeys, revenue and passenger miles for all 
stations in the London area and many outside London in the South East. This data is taken directly 
from the National Rail ticketing system (Lennon). The model also stores the same data for 
interstation links.  

Input:  The model uses a revenue and demand matrix taken directly from the National Rail ticketing 
system. It also uses an electronic version of the National Rail timetable to calculate generalised 
travel times; users alter this timetable to model the specification of their project. 

Output:  The main outputs are the changes in overall travel time and revenue arising from whatever 
amendments are made to the services. Changes to journey volumes and passenger miles are also 
output. All outputs are available at various levels of disaggregation. The base matrix can also be 
interrogated to get information on passenger journeys, revenue and passenger miles for the nodes 
and links included on the network as well as user defined groups of services.  

Area coverage:  The model incorporates a detailed representation of the rail network in the London 
area including all stations. The rail network outside London in the South East is also represented in 
a reasonable amount of detail with some stations being grouped together. The representation of 
the rail network outside the South East is very coarse with only major stations being included. 

Transport modes:  The model covers National Rail only, including London Overground. 

Journey purposes: The model contains no information on Journey Purpose. It can output data by 
ticket type; this can be mapped to journey purpose categories if required. 

Time periods represented:  Moira can model service changes that occur at any time throughout the 
week. 

Base year:  Demand and revenue matrices are available for all financial years from 2000-01 to 
2012-13 inclusive, so modelling can be undertaken during any of these years. Timetables are also 
available for most of this period. 

Future years:  The model contains no future year demand and revenue matrices. It has no future 
year timetables either.  

Software: The model runs in a Windows environment and can be downloaded directly from a CD. 

Operation:  The model is not available on TfL's computer network. It is run on a standalone basis 
using a laptop or desktop computer equipped with the Windows operating system.. 

When to use the model:  The model is best used for forecasting the impact of short term off peak 
service changes on the National Rail network. It is also provides a useful and detailed repository of 
demand and revenue data. 

Examples of model application:  The model has been used to forecast the impact of off peak 
service changes on the Southeastern and West Anglia networks. It has also been used to provide a 
mixture of revenue, journey and operational data to support the devolution of control over the 
West Anglia network to TfL. 

Model limitations:  Moira can only model the National Rail network and contains no representation 
of other modes.  The demand used in the model is based on records held within the National Rail 
ticketing systems and often understates the true level of demand in the London area. Model 
outputs can be corrected to allow for this. 

The profiles used to segment demand by time period in the model are out of date and understate 
the level of demand during off peak periods, particularly weekends. Again model outputs can be 
corrected to allow for this. 

Moira's central London zoning system does not include the Canary Wharf development. 
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modelling provided, Legion models can require a long development time (possibly months).  About 
50 stations are currently covered by existing Legion models.  

Input:  Station CADs (existing and planned) as well as actual station operational plans, and signage 
are the building blocks of supply. The latest RODS, additional ad-hoc surveys to validate overall 
numbers and define routing choices, Railplan, (or in some instances LTS to produce revised Railplan 
forecasts) are the contributors to inputs on the demand side. Detailed train service timetabling and 
train capacities are also inputs. For future year demand, trends, assumptions, and Railplan may be 
used in varying combinations. 

Use/output:  Legion can provide detailed graphical outputs, such as density (heat) maps, utilisation 
maps and 2D and 3D videos. It can also provide detailed numerical output used to calculate journey 
time, social cost, passenger flow numbers and rates, and platforms clearing times.  Future 
scenarios are compared against one-another, and against a validated current, or a future year, base 
case. 

As with the other tools, weekday AM peak (07.00 – 10.00) and PM peak (16.00 – 19.00), are the 
usual modelled periods, although others can be (subject to input data/assumptions).  The model 
works on a second by second basis, but reporting is usually agglomerated into 15 min periods, or 
the busiest 15 mins in each peak.  

Journey/activity purposes:  Pedestrian activity, usually within stations. 

Time periods represented:  Usually AM and/or PM peaks, with 15 min outputs.  Displays can be 
created on a second by second basis. 

Base year:  Usually based on most applicable Railplan/RODS base 

Future years:  Often based on Railplan: so 2016, 2021, 2026, 2031/ 2041, but any forecast can be 
used. 

Software:  Legion – bespoke software 

Operation:  By trained users and on specific desktops with software loaded and licensed.  

When to use the model:  For detailed review of station passenger capacity and/or demand changes, 
supporting operational routing arrangements during disruption to supply, design of capacity 
elements, and measuring benefits for input into business cases. 

Limitations:  If a model doesn’t already exist, complex stations can take several weeks to prepare 
and months between inception and completed reporting.  Some existing Legion models are a little 
old, or only cover part of a station.  Forecasting future demand numbers carries a lot of 
uncertainty.   These would be agreed with the client and include some sensitivity testing. 

Sometimes, options being looked at may not complete a model run due to excessive congestion, 
and tweaking with further model runs may be required to find the weak-point.  Sometimes 
modelling results will highlight areas where design does not resolve some, or all, of the issues. 
Other analysis may be required to quantify the disbenefit, and the design may subsequently need 
to be revised and tested again.  As far as possible, it would be wise to eradicate any obvious design 
flaws before intensive modelling takes place.  Hence the benefit, in some cases, of a hierarchical 
approach to modelling tools, using simpler approaches to quickly assess the viability of multiple 
design options and then move to more detailed modelling of a refined design. 

Examples of model application:  Design of, and business case development of, major station 
enhancements: e.g. Victoria, Bank, Holborn, Camden, Elephant & Castle, Paddington 

Advice and review of station operating strategy during interruption to elements of capacity, for 
example escalator or lift works: Baker St., South Kensington, Embankment, Victoria, Finsbury Park, 
Euston, Kings Cross, and Covent Garden.  
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