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Below is a summary of changes made to this Annex since the launch in April 2010. 
 
Annex 
version 

Date Change Template 
version 

Issue 2.0 December 
2011 

Simplifying the Introduction and 
reformating the document to 
respond to issues raised in the 
2010 H1 public consultation.    

H1 April 2011 

Issue 3 December  
2015 

Updating Annex K following the 
2013 public consultation and 
including guidance on cost benefit 
analysis related to the making of a 
BAT assessment and a case for 
derogation from the sector BAT 
AELs. 

H1 April 2011 
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1 About this guidance 

Annex K is part of the Environment Agency’s H1 Environmental Risk Assessment Framework and 

should be read in conjunction with the H1 Environmental Risk Assessment – Overview guide to 

understand how it fits into the framework.   

It supports compliance with the requirements of Chapter II of the Industrial Emissions Directive 

(IED) as implemented by the Environmental Permitting Regulations (EPR) by providing guidance 

to: 

 Applicants for a bespoke installation permit on how to choose the Best Available 

Techniques (BAT) where several options are available. 

 Installations permit holders responding to an improvement condition within a permit or 

Enforcement Notice, on how to choose the BAT where several options are available.  

 Permit holders responding to an information notice relating to a permit review, on how to 

present a case for derogation from the sector-specific BAT Associated Emission Levels 

(AELs) listed in the BAT Conclusions document. 

 

Chapter II of the IED applies an integrated environmental approach to the regulation of certain 

industrial activities. This means that emissions to air, water (including discharges to sewer) and 

land, plus a range of other environmental effects, must be considered together. Regulators must 

set permit conditions so as to achieve a high level of protection for the environment as a whole, 

based on the use of the BAT, which balances the costs to the operator against the benefits to the 

environment. Annex K provides guidance on the information that should be provided by an 

operator to demonstrate to us that the techniques chosen have achieved this balance. This applies 

to the review of existing permits and new permit applications or variations. 
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2 Introduction 

The IED requires us to review and, if appropriate, vary all permits relating to IED Chapter II 

activities, within four years of the publication of the updated BAT Conclusions document 

associated with each sector. In reviewing the permits Article 15(3) of the IED requires us to set 

emission limit values (ELVs) such that under normal operating conditions emissions do not exceed 

the BAT-AEL.  

We initiate our permit review by sending to all operators within each sector a regulation 60 Notice 

asking if you can comply with the BAT-AELs relevant to your installation within four years of the 

publication of the BAT Conclusions. Based on the response to the regulation 60 Notice we review 

the permit against the BAT Conclusions document.  We will include the standards and BAT-AELs 

in the BAT Conclusions document as conditions in the permit unless a suitable justification for 

alternative techniques and/or ELVs is provided in response to the regulation 60 Notice. 

If you are unable to comply with a BAT-AEL or consider that the BAT-AEL should not be applied in 

your permit, given the specific situation of your installation, you may request a derogation from the 

BAT-AEL under article 15(4) of the IED. 

Such derogation may apply only where an assessment shows that the achievement of emission 

levels associated with the best available techniques, as described in BAT conclusions, would lead 

to disproportionately higher costs compared to the environmental benefits due to at least one of 

the following criteria:  

 the geographical location; 

 the local environmental conditions; and/or 

 the technical characteristics of the installation concerned. 

The Government has produced guidance Industrial Emissions Directive EPR Guidance on Part A 

installations explaining in more detail each of the relevant criteria. 

You should be aware that, when BAT is applied, there remains an obligation on you to ensure that 

no significant pollution is caused, and that emissions do not breach other relevant environmental 

standards. There exists a variety of UK and European environmental standards and these are 

contained within H1 Annex D1 (releases to surface waters) and H1 Annex F (emissions to air).  

You should also be aware that delivering BAT may not be sufficient to meet some European 

mandatory environmental standards for either surface waters or air (such as those set out in 

Chapters III (large combustion plant) and IV (waste incineration plant) of the IED.  In such cases 

we may include conditions in your permit that go “beyond BAT”, to ensure that no significant 

pollution is caused in accordance with the general principle in article 11, or in accordance with 

article 18. 
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BAT Conclusions documents, where they exist, are the primary, but not sole reference for setting 

permit conditions. BAT Conclusions frequently provide information about several available 

techniques, and sometimes do put forward only one option.   

BAT Conclusions documents, and the previous BREF documents, provide general information on 

the techniques that are available to the sector, but do not take into account the local environmental 

conditions, sensitivities or receptors.  Therefore in order to demonstrate that the proposals in your 

application or derogation request satisfy the requirements of the IED you will, where appropriate, 

need to justify your choice of technique. 

2.1 Integrated approach 

Each BAT Conclusion should, in principle, be considered discretely.  However, where more than 

one BAT Conclusion is affected by one improvement, or a set of improvements, all the benefits 

(i.e.  changes in all BAT pollutants)1 should be aggregated and set against the cost of the 

improvements. 

  

                                                
1 Sometimes this could be disbenefits.  
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3 Appraising the options 

Either in justifying the choice of technique where several options are available or in presenting a 

case for derogation you will need to appraise all the relevant options in justifying your preferred 

option.  

When carrying out an options appraisal it is important to set out clearly the desired outcomes and 

objectives of an intervention to identify the range of options that are available to deliver them.  

There are different decisions criteria that can be used to assess the options, the main ones are: 

the cost benefit analysis (CBA) and the cost-effectiveness analysis (CEA). 

CBA is related to, but is distinct from CEA. The CBA is an analysis which quantifies in monetary 

terms as many of the costs and benefits of a proposal as possible, including items for which there 

is not a  market price (in section 3.5.3 the techniques available to derive the monetary value of an 

impact without a market are described)  

On the other hand, in CEA, only the costs and benefits (e.g. savings) that have a market value are 

included in the analysis, the impacts of the project outcome (e.g. change in emissions of a 

pollutant) are not monetised.  

While the CBA helps predict whether the benefits of a policy outweigh its costs, and by how much 

relative to other alternatives; the CEA finds the best alternative option that minimises the costs of 

achiving a desired outcome (i.e. emissions reduction), but it is not able to say whether the benefits 

of an option exceed its costs. 

CBA is used extensively for appraisal of UK government policies and projects.  For example, when 

carrying out any impact assesssment (e.g. IED Regulatory Impact Assessment (Defra 2012)), 

water companies in their dealings with OFWAT and the Environment Agency in implementing the 

Water Framework Directive (2000/60/EC).   

3.1 Which decision criteria to use 

The decision criteria to use in ranking your options will be different depending whether you are 

carrying out a BAT assessment or preparing a case for derogation.  

BAT assessment 

In the case of BAT assessment, if the options impact on more than one pollutant (either in positive 

or negative terms) you will use CBA; in all other cases you will be able to rank the options on the 

base of CEA or least costs.   

In assessing your options, it is important to take account of “future-proofing”; that is, given the 

BAT-AELs will be reviewed every eight years, it might be more “cost-effective” for a company to 
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invest in a technology that reduces emissions now a bit further, than to invest in the cheapest 

option first2 and invest again few years later to reduce further emissions. 

Derogations 

In a case for derogation, the applicant needs to prove that meeting BAT-AELs would lead to 

disproportionately higher costs compared to the environmental benefits. The CEA allow us to find 

the best alternative option that minimises the costs of achieving a desired outcome (i.e. emission 

reduction) but it is not able to tell us whether the costs exceed the benefits achieved with the 

desired outcome. This is why for derogation applications you will need to carry out a CBA, which is 

able to directly compare costs with benefits.  

The sections that follow explain how the CEA and CBA should be carried out to support 

applications for new/variation of environmental permits or responses to requests for information, 

enforcement notices or improvement conditions and derogation requests. 

3.2 Main steps for an option appraisal 

The main steps to follow when carrying out an options analysis are: 

1. Define the problem and objectives 

2. Identify the options (i.e. projects/programs) and your baseline 

3. Derive the cost and impacts of each of the options over the relevant time period at net of 

the costs and impacts of your baseline 

4. Monetise the impacts in the case of CBA 

5. Convert all costs and benefits into a common currency  

6. Apply discount rate to derive the present value of the costs and benefits 

7. Calculate: 

a. In the case of CBA the net present value (NPV)  

b. In the case of CEA the net cost effectiveness ratio 

8. Adjust for risk and optimism bias and perform sensitivity analysis on key variables 

9. Consider unvalued impacts (in the case of CBA) 

10. Rank the options 

Each stage is important as it sets the scene for the next. For example, options must be chosen to 

meet the requirements of the environmental improvement objectives. Moreover, costs can only be 

estimated once the full details of the option have been outlined. We expect the stages to be 

                                                
2 Without taking into account of effectiveness. 
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undertaken and presented sequentially to present a transparent and complete evidence base by 

which to judge your decision. We also recommend reading through this guidance as a whole 

before gathering evidence as it will help you understand the purpose of each step. 

When undertaking the option appraisals, please refer to the guidance set out in HM Treasury’s 

Green Book3 on appraisal and evaluation, which recommends that ‘all new policies, programmes 

and projects … should be subject to comprehensive but proportionate assessment, wherever it is 

practicable, so as best to promote the public interest’. 

3.3 Identifying the options 

For appraisals to be useful in assisting decision-making, a wide range of options must be 

considered.  Moreover, Article 12(1)(k) of the IED requires applicants to explain what alternatives 

have been considered to their preferred option and why these should not be adopted.   

In considering candidate options it is necessary to check that all options being considered will 

deliver compliance with the relevant statutory requirements.  

When carrying out a BAT assessment, the BAT conclusions identify the options for you. 

However, if the BAT conclusions do not provide a set of options (e.g. Narrative BAT) or you are 

applying for a derogation, it is good practice to list a variety of options before shortlisting a few 

feasible options for appraisal. Typically, fewer options are identified for appraisal in simpler 

activities. 

In addition to abatement and treatment, techniques can include the process design, selection of 

raw materials and operational methods.  Priority should be given to the selection of techniques 

which completely prevent emissions (e.g. prevent releases to water or stop the use of a hazardous 

raw material) or clean technologies when available (e.g. by specification of process design and 

equipment selection), as these will tend to result in the lowest overall environmental impact and 

reflect the IED’s overarching goal of prevention, followed by minimisation of emissions only where 

prevention is not practicable. 

Options may consist of single techniques or a combination of techniques depending on the scope 

of the proposed activity.  For example, different techniques to control the same pollutant may take 

place in different parts of an industrial process, e.g. selection of raw materials, design of process 

equipment, and method of operation or effluent treatment.  You should also consider combinations 

and synergies between different configurations of techniques, especially when considering the 

control of several pollution sources. The expected performance level of techniques should be 

provided. Note that techniques should be assessed according to their optimum potential and care 

                                                
3  ‘The Green Book’ Tresuary Guidance London TSO 
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should be taken to avoid arbitrary performance or control levels, such as assuming the same 

emission limit value for different options. 

You should also include any other activities that will be affected by the candidate control options on 

the main activities.  For example, if changing the raw material is one of the candidate options for 

controlling emissions for the selected activity, and this also affects emissions from other 

downstream activities, then all the affected activities should be included in the scope. 

In cases where more than one BAT issue is being appraised, it may be appropriate to generate 

configurations of measures which address all issues together.  This is most appropriate in the 

assessment of integrated techniques which affect more than one pollutant, as it allows trade-offs 

between the reductions in the release of one pollutant at the expense of another to be fully 

appraised.  However, care must be taken that this does not increase the complexity of the 

assessment to the extent that it is difficult to judge the individual cost and benefit components of 

each individual technique.   

3.3.1 Shortlist of options 

You should rationalise your long list of options into a shortlist of feasible options justifying the 

reasons for removing any option in your appraisal report.  

This should be done according to specific conditions. These may be, for example: 

 failure of the option at your installation to satisfy the principal objectives of the proposal 

(i.e. achieve the BAT AEL or the required reduction in pollutant load) 

 applicability criteria in the BAT Conclusions document 

You should not remove any BAT AEL option just because you think it might be disproportionately 

costly to your company. The cost benefit analysis should be used as the evidence base to confirm 

these assertions.  

In constructing your case for derogation your short list of options will need to consider at least two 

options, one being the option of compliance with the BAT-AEL and the other your proposed 

standard or/and alternative time of implementation.  

The relevant costs to you as an operator and benefits to the environment of the short listed options 

should be valued, and the net benefits or costs calculated. It is important that you define the 

options and understand how the costs and benefits of each option is going to change compared to 

the baseline. 

The section that follows explains how the costs and benefits should be accounted when carring out 

the CEA and CBA.  
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3.4 Estimating the costs and the benefits 

Before we start looking into costs and benefits, there are some key factors that apply across costs 

and benefits that it is important to highlight and explain.  

3.4.1 General considerations 

3.4.1.1 Dealing with Inflation 

When undertaking an appraisal, we are interested in comparing like-for-like values. Working in a 

constant price base is referred to as working in 'real' terms and the price base itself is defined by 

the year in which the appraisal takes place. To do this, inflation must not be included in the 

calculations for future years. Costs and benefits in the future will not need any inflation adjustments 

as they should be recorded in today's prices (also known as current prices). 

You will however need to inflate past prices to today's prices. For example, you might need to 

inflate a cost sourced from a project which was delivered six years ago into current prices; a 

comprehensive guide on how to do this, plus the latest gross domestic product (GDP) deflator 

data, is available on the HM Treasury website at http://www.hm-

treasury.gov.uk/data_gdp_index.htm. 

Please note that while in general inflation is not included in appraisals. When ‘particular prices’ are 

expected to increase at a significantly higher or lower rate than general inflation, this relative price 

change should be calculated. Examples where relative price changes may be material to an 

appraisal include:  

• High technology products, prices for which may be expected to fall in real terms;  

• Fuel prices, where the resource supply is scarce; and  

• Wages, where productivity growth is expected to lead to wage increases above general 

inflation’ (HM Treasury Green Book, 2003). 

3.4.1.2 Exchange rates 

To convert other currency into pounds, you might want to use the Department of Energy and 

Climate Change (DECC) approach for exchange rates (DECC 2014)4. 

3.4.1.3 Appraisal period and cash flow framework 

Costs and benefits should be counted over a specified time frame, known as the appraisal period. 

The appraisal period should be chosen to reflect the planning period, installation period and asset 

                                                
4 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/360316/20141001_2014_DECC_HMT_Su
pplementary_Appraisal_Guidance.pdf 
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life of the longest living asset. It should be noted that you may have to include the cost of replacing 

some assets during the appraisal period if these have a shorter asset life than the appraisal period. 

We call the first year of the appraisal period 'year 0'. Year 0 is the year when the assessment is 

carried out. 

Specific information on typical plant lifetimes may be found in the relevant BREF (Best Available 

Techniques Reference document) for your sector. You should provide justification for any life of 

operation estimates that you use. 

You should record costs and benefits (i.e. effectiveness) against the corresponding year (in other 

words you need to set them out a 'time schedule'5) over the appraisal period. For each of the 

options, you will need to consider: 

- The year you expect capital investment to be made (please note that capital costs often do 

not all occur in a sigular year but are spread across a number of years). 

- Assets might be operational at any time part way through or after the years when capital 

investments are made.  

- Often, only when the asset is operational benefits are counted.  

- The operating costs might change across the appraisal period (e.g. the maintainance cost 

might increase at the end of the asset life because of possible increase of inefficiency in the 

system) 

3.4.1.4 Discounting 

As both the costs and benefits can occur at different points in time, the flow of project costs and 

benefits over time need to be expressed on a common basis; this is done by discounting them to 

time zero.  

Discounting is a process which adjusts future values in an appraisal to represent individuals' and 

organisations' preference for receiving a value now rather than at some point in the future. All costs 

and benefits should be discounted before they are compared.  

To be able to discount costs and benefits, these need be set out in a time schedule so that it is 

clear what year investments will be made and benefits will start occurring. This is so that they can 

later be discounted and summed to calculate respectively the present value (PV) cost and PV 

benefits.Benefits and costs must be discounted using the HM Treasury Green Book social time 

preference rate,which is 3.5% for years 0-30, 3% for years 31-75 and 2.5% for years 76-125. 

The discount rate is used to calculate the 'discount factor' which is multiplied to benefits and costs 

to derive their discount value. The discount factor is derived by using the following equation: 

                                                
5 This is also known as “cash flow” 
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• Discount factor =               

Where ‘r’ is the discount rate and ‘year’ is the number in the sequence where the first year is year 

0. For example the discount factor which should be applied to benefits in year 4 using the 3.5% 

social discount rate is as follows6: 

• Discount factor for year 4 =                = 0.871 

The discount factor shows that society equally values receiving a payment of £100 in four years 

and £87 now and equally values paying a cost of £87 now or £100 in four years. To each year it is 

applied the same discount rate (at least for part of the years up to year 30, 3.5% and 3% to year 

75) but the discount factor will be different each year as it decreases as the year increases, see 

Table 1 for an example.  

Table 1 is an example of a time schedule with a set of cost profile data and their discounted value. 

In this example, the year 0 is 2015, the first installation year is 2016 and the length of time to 

complete the installation is two years. The lifetime of the technology once fully installed is eight 

years and thus the last year of initial operation is 2025. By initial, we mean the operation of the first 

piece of equipment installed during the appraisal period before it is replaced or undergoes major 

renovation. In this example, the upfront capital costs amount to £300,000, which are spread over 

two years (£150,000 in year one and £150,000 in year two); the operating costs are assumed to 

start at the completion of the capital investment and amount to £7,000 per annum. 

Table 1 - Example of Time schedule 

Year number Unit 0 1 2 3 4 5 6 7 8 9 10 

Year  2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Discount rate % 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
Discount factor No 1 0.97 0.93 0.90 0.87 0.84 0.81 0.79 0.76 0.73 0.71 
             
Total Capex £000’s  150.0 150.0                 
Total Opex £000’s      7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 
Total costs £000’s  150.0 150.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 
Total discounted 
costs 

£000’s  144.9 140.0 6.3 6.1 5.9 5.7 5.5 5.3 5.1 5.0 

PV costs £000’s 329.9           

As illustrated by the example above, the appraisal period is the sum of: 

• the planning period (1year) 

• the installation period (2 years) 

                                                
6 The formula becomes more difficult at year 30 when the rate changes from 3.5% to 3%. In a spreadsheet, the easiest 

way to manage this is to formulate the discount factor by: 1 / ((discount factor of previous year) x (1 + discount rate)). 

You should check your results with page 6 of the ‘Intergenerational wealth transfers and social discounting’ Treasury 

supplementary appraisal guidance.  
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• the asset life of the longest living asset (8 years) 

3.5 Costing the options 

This section on costs applies to both the CEA and CBA. 

Your cost information should be supported by evidence. This can take the form of bespoke 

quotations from suppliers, information on supplier websites, previous investment evidence and 

reports (inlcusing the referenced to costs in the BREF). Our preference is for bespoke valuations to 

show the cost of options in relation to your specific circumstances. Please also provide high and 

low ranges which you can later test in sensitivity analysis. 

The cost categories you should look for each of your options are: 

- Capital costs known as CAPEX, such as equipment, set-up and project planning costs;  

- Cost of capital is the interest repayment on a loan or the return on investment from 

investing elsewhere; these sometimes are known as the financial costs;  

- Operating costs, known as OPEX, such as labour, and  

- Maintenance costs.  

The capex are usually counted up front and the operating costs are usually counted annually from 

completion of the capital investment. Table 2 below shows a list of cost categories, which can help 

guide your cost estimation. 

Table 2: Cost categories 

Cost category  
Capital Costs (total)  
Equipment costs Equipment 

Primary emission control equipment 
Auxiliary equipment i.e. electronic equipment 
not in direct communication (or under the 
control of) the central processing unit 
Instrumentation 
Modifications to existing equipment 

Set-up costs Land 
Site preparation 
Civils 
Materials 

Other capital expenditure Project planning (if not in civils) 
Costs of capital e.g. the cost of loan repayments 
Operating costs (non-energy, per annum) Labour 
Maintenance Ongoing maintenance – equipment 
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3.5.1 The cost of capital 

Given the discount rate used to discount costs and benefits is the social discount rate, which does 

not reflect the risk that private companies face when borrowing or investing capitals, the 

companies’ additional risks need to be included in the costs. These costs are known as the costs 

of capital.  

The cost of capital represents the interest repayment on a loan or the return on investment from 

investing elsewhere (known as the opportunity cost). It can be calculated by applying the 

company’s Weighted Average Cost of Capital (WACC), which is the average of the company's cost 

of accessing funding from a variety of sources, such as bank debt, bonds and equity, weighted by 

the amount of funding coming from each of those sources.  

Costs of capital should be entered in the appropriate years of the cash flow, according to the 

repayment period and should only reflect the interest paid on the capital, as including also the 

capital repayment will cause double counting of the capital investment. 

The alternative to explicitly imputing the costs of capital in the cash flow is to use the Spackman’s 

Approach (known also as two-stages discounting) (see Appendix 1 for more info).  

3.5.2 Replacing assets and residual value 

If equipment installed before the beginning of the appraisal period needs to be replaced before the 

end of its expected lifetime, there is a cost associated with that decision in terms of the years of 

operation that have been foregone by the need to meet the requirements of the IED. To 

understand how this is dealt within a CBA/CEA framework, the concept of 'lost years of operation' 

needs to be split down into its component parts, as follows: 

 Output that the equipment would have produced had it not been replaced; 

 Capital outlay brought forwards by the decision to replace the equipment early; 

 Lost output during construction works also brought forwards by the decision to replace 

the equipment early, and 

 The negative cost during construction of not needing to pay for operation and 

maintenance.  

If the output does not change when BAT, or another option, is installed, any output that is not 

produced by the old equipment will be produced by the replacement technology. As this is often 

the case, the lost of output cost component does not need to be included in the CBA. 

The capital outlay brought forward is captured in the time schedule; if all capex, opex and cost of 

capital for each of the options are included, the additional costs of bringing forward the capital 

outlay is derived by comparing the present value costs of the options. 
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Lost output during construction works should be included in the cash flow; although given that this 

will be planned downtime you will need to justify the cost entered.  

When construction is being undertaken you should reflect this in much lower - or zero - operation 

and maintenance costs. 

Please ensure you also include the cost of disposal or recycling of the old equipment. Where the 

old equipment still has value, include any revenue received for it as a negative cost within the cost 

section. 

At the end of the appraisal period, to calculate the residual value, you can use a straight-line 

depreciation over the asset life. For example, if the appraisal period was 61 years and part B, 

which cost £100,000 with an expected life of 50 years, was built in year one and replaced at the 

end of year 50, the new part would still have 40 years of useful life at the end of the appraisal 

period. If the part lost 2% of the original value each year (through a linear decrease in value over 

50 years) it would have a residual value of £80,000 at the end of the appraisal period, after which it 

has been used for 10 years.  

However, if you are using the Spackman approach, you should not include this residual value. As, 

in this case, where assets still have useful life remaining at the end of the appraisal period, the 

residual value remaining is offset by the outstanding annuitised values. 

As the residual values are subject to discounting as all the other values in the time schedule, the 

longer the appraisal period, the bigger the impact of discounting on the residual value will be. 

Therefore, a judgement should be made as to whether it is worth calculating and including residual 

values for existing technologies considered in the full derogation scenario within the appraisal. 

Should the residual values of parts and assets have a very small bearing on the appraisal result, it 

may not be necessary to include them. 

3.5.3 Energy costs 

You should include energy costs within your cost estimates. The value of energy will change over 

the appraisal lifetime so please use the standardised retail energy prices7' (DECC 2014) in your 

appraisal for electricity, natural gas, coal and oil.  

DECC provides costs for a range of energy type until 2100, these are expreseed in central costs 

and high and low scenario costs. Use the central estimate of cost in your base case. Test high and 

low value inputs in sensitivity testing to see whether energy costs are a significant variable.  

                                                
7 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/360044/2014_Background_Documentatio

n_to_DECC_HMT_Supplementary_Appraisal_Guidance.pdf  
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If the technology also impacts on other fuels, please value these fuels using an appropriate price 

for the fuel. The table below shows some of the central costs over 2015-2020.  

 

Table 2: Table summarising central energy cost estimates over 2015-2020 (DECC, 2014) 

Central Industrial 
Estimate (2014 prices, 
two decimal places) 

 2015 2016 2017 2018 2019 2020 

Electricity p/kWh 9.17 9.90 9.87 9.93 11.25 11.30 
Natural Gas p/kWh 2.67 2.77 2.69 2.58 2.56 2.66 
Coal p/kWh 0.72 0.76 0.79 0.81 0.83 0.85 
Oil p/litre 57.71 55.97 55.56 56.31 57.03 58.46 

 

3.6 Identifying and summarising the environmental impacts 

This section describes how to identify, assess, quantify and monetise the positive and negative 

impacts of the options. 

Quantifing the impacts can be resource intensive. To reduce the amount of time spent on evidence 

gathering, we have provided some standardised valuation information for some of the impacts 

within this appraisal guidance. This is to reduce evidence collection costs and to standardise the 

derogation requests submitted to us.  While all impacts should be identified and described, focus 

should be prioritised on gathering evidence on those costs and benefits which have the greatest 

impact on the result of the appraisal.   

3.6.1 Identifying the emissions and resources 

This section applies to both CEA and CBA.  

The first stage of the impact assessment is to identify, describe and quantify impacts from the 

installation as a whole or the specific process under consideration. You should list potential 

environmental impacts8 to be considered during the assessment.  

The significant emissions and resources consumed by each of the alternative options under 

consideration need to be listed and quantified. This list should cover the pollutants emitted, the raw 

materials consumed (including water), the energy used and the wastes produced. 

Some useful sources of information that might provide data on emissions and resources consumed 

include: 

                                                
8 This list is not exclusive. The Defra Ecosystem Services framework provides a greater list of environmental impacts; 

here we have chosen what we believe to be the most significant impacts expected from investment options in the IED 

context.  
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 monitoring information from existing installations of a similar type or configuration 

 research reports or government publications 

 data from pilot plant studies 

 calculated data, such as mass balance information, stoichiometric calculations, theoretical 

efficiencies, or scaled-up laboratory data 

 information from the information exchange process (BREFs) 

 information from equipment vendors or manufacturers. 

The data should be as complete as possible, so that all the emissions, raw material inputs, energy 

used and waste produced are accounted for. Both point source and fugitive emissions need to be 

assessed. For transparency, the details of how the data were derived or calculated should also be 

provided. Recording the source of data is also important, so that it can be validated and verified 

where necessary. 

Ideally, the mass of emissions released and the mass of resources consumed should be used (for 

example, kg emitted/year or kg emitted/kg of product). Information should also be available as a 

release rate (for example, reported as mg/m3 or mg/l), which might be particularly important for 

batch techniques or for techniques that follow a cycle where concentrations may be particularly 

high at certain stages in the process. 

Further information on identifying the emissions and resources can be obtained from Chapter 2 of 

the Economics and Cross Media Effects BREF. 

3.6.2 Quantifying the environmental impacts 

The scale of environmental impacts associated with each option under consideration is required so 

that the benefits from a change in emissions may be assessed (both in effectiveness and monetary 

terms).  

Please note that when the only way of achieving BAT on time is to shut down the plant and then 

restart it, once additional abatement equipment has been installed, you need to cost this option. 

Then the benefits during shutdown should be calculated as the emissions that would have 

occurred if the plant had achieved BAT during the shutdown. 

In determining the environmental impact of proposed emissions you should consider both the short 

term and longer term consequences. Where emissions are variable the short term assessment is 

particularly relevant. For the assessment of short term releases to water EQS Maximum Allowable 

Concentrations (MACs) are relevant, and for the assessment of longer term releases EQS Annual 

Average (AA). Substance EQS are available in Annex D1. EU Limit Values, Air Quality Standards 
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and Environmental Assessment Levels (EALs) are the basis for assessing the impact of proposed 

emissions to air and these are given in Annex F. 

3.6.3 Monetising the environmental impacts 

Please note: This section applies to CB.A  

A key advantage of CBA is that it helps to weigh up the benefits and costs in order to support 

decision-making. To compare impacts with costs, we need to convert them into a common unit. As 

the majority of costs are already counted in monetary values and we are used to dealing in terms 

of pounds and pence, it makes logical sense for the common unit used in CBA to be the pound (£). 

Converting impacts into this common unit, known as 'monetising', helps to summarise complex 

problems and inform decision-making.  

Valuation of environmental impacts attempts to analyse the opportunity cost9 of using the 

environmental good.  

Environmental economists have undertaken 'revealed preference' studies to understand the value 

of environmental goods and services10. Where there is a market for the particular good or service, 

these studies observe the reaction of consumer demand to price under certain supply situations. 

For example, environmental economists can study the demand for organic food goods compared 

to non-organic food goods to understand the reaction of the public to pesticides. Where there is no 

market for the environmental good or service alternative methods are used. The 'stated preference' 

approach uses willingness to pay surveys and choice experiments11 to elicit value where the 

market for those goods is not available. For example, questionnaires can ask Water Company’s 

customers how much they would pay for improved river water quality through their water bills.  

However, it is not always possible to capture the benefits in monetary terms due to the limitations 

in the environmental evidence. For example, although we understand the value of fish stocks in 

rivers for recreational angling and commercial uses, it might not be understood how a change in a 

factory's production process would impact fish stocks. In this case we either need to make an 

estimate or, should this not be possible, we will need to consider the impact qualitatively only. 

Additionally, some consider to be not always appropriated to capture some benefits in monetary 

                                                
9 The benefit which would have been gained from investing elsewhere. For example, the opportunity cost of investing in 

IED could be the interest gained from putting the same money into the bank. (This opportunity cost is accounted for in 

the WACC).  

10 If you would like to read more on valuation methods, we recommend Garrod and Willis, 1999, 'Economic valuation of 

the environment: methods and case studies' and Hanley and Spash, 1993, 'Cost benefit analysis and the environment'. 

11 A type of questionnaire where respondents are asked to choose between a set of goods, services and associated 

prices.  
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terms. For example, some environments elicit artistic, spiritual or inspirational values which some 

people would argue should not be monetised. 

These challenges can be managed through a well-designed process: 

 Firstly, it is imperative that qualitative and quantitative descriptions of impacts are outlined 

in the appraisal to capture all costs and benefits.  

 Secondly, sensitivity testing should be undertaken on monetised values and environmental 

changes to understand if the appraisal recommendation changes if a value or impact 

changes by a reasonable magnitude.  

 Finally, it is imperative that monetised results are presented alongside a qualitative 

statement regarding wider benefits and costs. 

3.6.3.1 Air quality benefits 

HM Treasury has provided us with supplementary Green Book guidance on how to value impacts 

on air quality (see this guidance for more detailed information) 12.  

Two approaches can be used to value changes in air quality: 

- the impact pathway approach (I-PA), which is used in the majority of the cases; and 

- the abatement cost approach, which is used when the change in air quality is likely to affect 

compliance with a legally binding obligation. 

The I-PA values the change in air emission levels by estimating how changes in the concentration 

of air pollutants affect a range of health and environmental outcomes. The modelling required to 

carry out an I-PA is quite resource and time intensive, as it requires the estimation of emissions, 

dispersion, population exposure and outcomes. For this reasons, for a set of pollutants have been 

estimated damage costs, which are derived from the I-PA methodology by using representative 

dipersion and exposure modelling. 

The supplementary GB guidance suggests that when the total air quality impacts are estimated to 

be less than £50 million (in present value terms), damage costs should be used. When the total 

value exceeds £50 million, a full I-PA assessment should be considered.  

The four pollutants for which the supplementary GB guidance provides damage costs estimations 

are: particulate matter (PM10), oxides of nitrogen (NOx), sulphur dioxide (SO2) and ammonia (NH3) 

(see Appendix 2 for those values). As the impact of PMs varies depending on location and the 

sector it is produced by, damage costs for this pollutant vary by sector.  

                                                
12 Valuing impacts on air quality: supplementary Green Book Guidance (Defra 2013) 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/197893/pu1500-air-quality-greenbook-

supp2013.pdf 
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The damage cost values for all the four pollutants include estimates of the health impacts (both 

deaths and sickness); only the values for PMs and SO2 include also the impacts of building soiling 

and on material respectively.  

Uplifting factor 

As the air quality changes occur over a number of years, the HMT Green Book supplementary 

guidance on air quality recommends that the values are uplifted by two per cent per annum to 

account for the fact that the time preference for health impact does not change much over time. 

Include this uplifting factor in your appraisal. 

Range of values 

A range of values are provided for each of the pollutant, you should use the “central estimate” 

value for your base case, and use the other values for the sensitivity.  

The alternative set of damage costs from the European Environment Agency (EEA) (Appendix 2) 

should be used as well for sensitivity testing; this set of damage costs, in addition to the four 

pollutants listed in the HMT supplementary guidance, includes also other pollutants (e.g. benzene, 

nickel etc..).  

Adjusting damage costs for location 

In addition to testing the sensitivity of applying the EEA damage costs, a further sensitivity test 

could be applied to the valuation of air quality impacts. An adjustment factor should be combined 

with valuation using the supplementary GB damage costs to account for geographical location. 

The factors to be used are included in Table 4 below. 

Table 3: Damage cost efficiency scaling factors 

Region Factor 

English Midlands 1 
Northern England 1 
South-east England 1.25 
South-west England 0.8 
Northern Ireland 0.75 
Scotland 0.75 
Wales 0.8 
 

This adjustment is not included within the supplementary GB guidance. However, given the fact 

that these damage costs represent national average emissions, and the importance of 

geographical context to this assessment, it is informative to undertake this analysis as part of 

sensitivity testing. These factors were proposed by Eunomia (2010) in a preceding study regarding 

the use of damage costs in IED derogation assessment. 
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3.6.3.2 Greenhouse gas (GHG) emissions 

The shadow price of carbon cited in the Valuation of Energy Use and Greenhouse Gas (GHG) 

Emissions guidance (Department of Energy and Climate Change, 2014) should be used to 

calculate the value of carbon equivalent emission reductions, depending on whether emissions fall 

in or outside of the scope of the EU Emissions Trading System.  

Before using the shadow price of carbon values, fuel use may need to be converted into carbon 

equivalent. The DECC Conversion Factors should be used (see Appendix 3).  

Table 4 outlines the carbon prices as set out in the Valuation of Energy Use and Greenhouse Gas 

(GHG) Emissions guidance (Department of Energy and Climate Change, 2014). The value of a 

tonne of carbon equivalent emitted differs between traded and non-traded activities. If your 

operations are included in the EU Emissions Trading System (ETS) then you should use the 

traded values. If your operations are partly included in the EU ETS then you should apply the 

values which align best with operation emissions. For example, if 20% of your emissions come 

from non-traded sources, then you should apply the non-traded values to 20% of your emission 

data and traded values to 80% of your emission data.  

Table 4 - Carbon prices and sensitivities 2008-2100 for appraisal, 2015 £/tCO2e 2015-2025 

   £ 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Traded Low 0.00 0.00 0.00 0.00 0.00 0.00 3.94 7.88 11.82 15.77 19.71 

Central 4.63 4.73 4.85 5.04 5.23 5.43 12.77 20.11 27.45 34.79 42.13 

High 16.02 19.95 21.20 27.13 34.27 40.26 48.05 55.85 63.65 71.45 79.25 

Non-
traded 

Low 31.36 31.83 32.31 32.79 33.28 33.78 34.35 34.91 35.47 36.04 36.60 

Central 62.72 63.66 64.62 65.59 66.57 67.57 68.69 69.82 70.95 72.07 73.20 

High 94.08 95.49 96.92 98.38 99.85 101.35 103.04 104.73 106.42 108.11 109.80 

3.6.3.3 Water quality benefits 

The National Water Environment Benefits Survey (NWEBS - NERA Economic Consulting, updated 

by Metcalfe, 2013) analysed the value of improved water environments through a willingness to 

pay study of over 1,500 UK residents. The value has been embodied in £ figures per km (for rivers) 

and km² (for lakes, coastal and transitional waters) relating to each catchment across the country. 

The difference in values between catchments is due to the population density and the existence of 

substitutes.  

Please refer to the Water Appraisal Guidance (Environment Agency, 2013)13 should more detail be 

required.  

                                                
13 http://www.ecrr.org/Portals/27/Publications/Water%20Appraisal%20Guidance.pdf  
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In sensitivity testing you should include a high and low range of water quality benefits to 

understand whether water quality impacts could have any bearing on the appraisal 

recommendation or not.  

To estimate a value for scenario testing, you will also need to estimate the number of kilometres of 

river length or km² of lakes, coastal or transitional waters affected by the investment option. This 

information may be available within any relative impact assessments but the impacted length of 

river from discharges can easily vary from 0.5km to 30km. If you are uncertain, this range can be 

tested in sensitivity analysis and 15km can be used as the ‘standard’ input, should there be no 

other evidence. 

The standardised sensitivity tests, as described above, assume water body status changes. 

However, if you know the status of your water body and are able to identify the change that an 

option could cause, you can undertake more detailed analysis. You should choose the before and 

after NWEBS step change using table 3.7 in the Water Appraisal Guidance14 and apply the 

associated NWEBS values to the number of kilometres affected.  

3.6.3.4 Odour 

Should odour be flagged as a significant impact within the appraisal summary table, you should 

undertake some additional impact analysis. In the Department for Environment, Food and Rural 

Affairs (Defra) Local Environmental Quality: Valuing the neighbourhood in which we live study 

(Defra, 2013)15 it is suggested that, on average, the public would pay £2.33 per person per month 

(2013 prices) to improve odour by one point on a 10-point scale.  

This value can be scaled up by local population data if the change in the 10-point odour scale 

resulting from an option can be estimated. Estimating the scale of odour change is likely to take 

more in depth study, so we recommend that this is only undertaken where odour impacts are likely 

to be significant both in terms of odor level and population affected.  

3.6.3.5 Noise 

Installation and operation of BAT and other technologies could cause an increase or decrease in 

noise compared to the baseline.  

Should any change in noise from equipment via installation and operation be relevant, you should 

describe and quantify this change and include this in the appraisal report. 

                                                
14 http://www.ecrr.org/Portals/27/Publications/Water%20Appraisal%20Guidance.pdf or available from the Environment 

Agency 

15 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/226561/pb14015-valuing-local-

environment.pdf  
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We do not have valuation evidence which monetises the impact associated with a change in 

equipment, installation and operation noise, but should it be relevant, you can apply valuation 

information to any changes in noise from transport.  

If noise from road, rail or flight is highlighted as a significant impact (change in noise would cause 

or avoid sleep deprivation, annoyance or hypertension) you should use the Noise Modelling Tool16 

(Defra, 2014) to value the change. While flights are unlikely to be part of an installation; road or rail 

transfers could be relevant as directly associated activities on some installations (rail transfers of 

fuel and gypsum to and from coal-fired power plant for example).  

3.7 Carrying out the assessment 

As mentioned before there are two types of decision criteria that can be used to rank the options: 

the CEA and the CBA.  

If you are planning to comply with BAT-AELs and your improvements are expected to impact on 

only one pollutant you can appraise your options using CEA. On the other hand if your 

improvements are impacting on more than one pollutant or your are applying for a derogation you 

will be able to appraise your options only by using the CBA.  

Please note, the Environmetal Agengy is making available a spreadsheet which should enable 

these analyses to be undertaken. To obtain a copy contact our National Customer Contact Centre 

(NCCC), either phone 03708 506 506 or email: enquiries@environment-agency.gov.uk. 

3.7.1 CEA 

Once the overall costs of the options have been estimated together with any savings or revenue, 

these will be discounted and summed across the appraisal period to derive the PV costs at net of 

savings and revenue.  

The decision criteria used in CEA is the Cost Effectivenss Ratio (CER), which is calculated as: 

                           

The options are then ranked on the base of the CER, with the options with the lowest CER ranked 

at the top. See example in table below. 

  

                                                
16 https://www.gov.uk/noise-pollution-economic-analysis  
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Table 6: Results example for CEA 

Option PV cost (£m) Effectiness 
(tonns) 

CER  
(£m/tonns) 

Rank 

Option 1 200 80 2.5 2 

Option 2  20 5 4.0 5 

Option 3 150 60 3.0 4 

Option 4 160 70 2.3 1 

Option 5 200 75 2.7 3 

3.7.2 CBA 

Once costs and benefits have been estimated and discounted, they should be summed across the 

appraisal period to derive respectively the present value (PV) costs and benefits.  

The decision criteria, which is often used in CBA to identify the ranking of the options is the Net 

Present Value (NPV), which is calculated as: 

                       

where costs and benefits of each of the options are incremental to the baseline.  

Should the NPV be greater than £0, the investment is deemed economically viable. The magnitude 

of the NPV on itsown and relatively to the PV costs and benefits need to be considered in the 

judgement. In particular, when the NPV is just below or above £0, you should proceed with 

caution, as within any appraisal there are a number of a) uncertainties (e.g. forecasting difficulties), 

b) quantification errors, c) valuation inaccuracies andd)  often lack of monetary value for some of 

the impacts. This is why it is very important that a sensitivity analysis is always included in the 

assessment (see section 3.6.3 on how to deal with uncertainty).  

BAT assessment 

In the context of the BAT assessment you should rank schemes based upon NPV, whose costs 

are benefits have been calculated at net of the baseline. The option with the highest NPV is the 

preferred option. See example in table below. 

Table 7: Results example for BAT assessment 

Option PV cost (£m) PV benefit 
(£m) 

NPV  
(£m) 

Rank 

Option 1 200 250 50 3 

Option 2  20 15 -5 5 

Option 3 150 225 75 2 

Option 4 160 240 80 1 

Option 5 200 245 45 4 
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Derogations 

In the context of derogation, the primary aim is not to rank the options but to prove that the 

additional costs of meeting BAT AELs by the BREF date instead of the alternative option would 

generate costs that are disproportionate with respect to the benefits. To do that you have to 

estimate the additional costs and benefits of meeting BAT AELs by the BREF date relatively to 

those implied in the option proposed in the derogation application achieving an laternative 

standards or/and timing. If the NPV of this increment is negative, this would mean that the 

additional costs of meeting BAT AELs outweight the benefits gained. See example in table below. 

Table 8: Results example for derogation 

Option PV cost (£m) PV benefit 
(£m) 

Incremental 
NPV  
(£m) 

Meeting BAT AELs 200 180  

Alternative option 150 140  

Incremental change 50 40 -10 

3.7.2.1 Qualitative Assessment 

Where it has not been possible to monetise all the environmental benefits you will not be able to 

carry out a full cost and benefit analysis.  In this case, it is important to understand the reason why 

the benefits have not been monetised: 

1- Is it because it has not been possible to quantify the physical change in the pollutants? 

2- Is it because the pollutant we are assessing is not among those with damage costs values 

listed in the GB supplementary guidance (see Appendix 2). 

3- Is it because the phycal change in the pollutants is not captured by the marginal change 

measured by the economic values (e.g. the pollutant in water has coused a change in the 

quality of the local quality but not enough to trigger a change of water body status)?  

In all these cases the answer is managing uncertainty by carrying out sensitivity and scenario 

analysis. We call ‘sensitivity testing' when we change one input by keeping all the rest unchanged,. 

and ‘scenario testing’ when more than one input is changed. 

3.7.3 Dealing with uncertainty 

Data quality is a critical issue, so you should question and evaluate the quality of the data 

available, and to compare data from different sources where necessary. In many cases, there will 

be quantitative measures available regarding the uncertainty that can be attributed to the data, e.g. 

based on the accuracy of the analysis techniques that were employed (for example emissions 

monitoring results might be reported as 100 mg/m3 ± 25 %). Where this information is available it 

should be recorded, so that it can be used to determine the upper and lower ranges for the 

sensitivity analysis, which may be necessary later in the assessment. 

This
 do

cu
men

t is
 ou

t o
f d

ate
 an

d w
as

 w
ith

dra
wn (

01
/02

/20
16

)



  
 
 

26 

 

Where quantitative measures of the uncertainty are not available, a data quality rating system can 

be used to give a qualitative indication of the data reliability. The rating score gives a rough guide 

to the confidence in the data and may also help to indicate how thorough the sensitivity analysis 

will need to be. 

3.7.3.1 Sensitivity testing 

You should do this for both CEA and CBA. 

To test the robustness of your appraisal, you will need to analyse how changes in appraisal inputs 

affect the NPV (or cost effectiveness ratio) and ranking of your options.  

The aim of the sensitivity testing is to identify those variables to which our results are most 

sensitive. See example in Figure 1 below. 

Variables to test for sensitivity include: 

• Capex 

• Opex 

• Weighted Average Cost of Capital  

• Waste 

• Energy consumption 

• Air pollutant emissions 

• GHG emissions 

• Wider impacts 

• Releases to water 

The next step is to change an independent variable and record the effect of the change.  

Where you have identified high and low input values during your appraisal you may wish to 

undertake sensitivity analysis manually.  
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Figure 1 - Example of possible sensitivity tests  

Sensitivity test Low High 

Capex Upfront investment cost reduced by 
% defined by user  

Upfront investment cost increased 
by % defined by user 

Opex Opex reduced by % defined by user Opex increased by % defined by 
user 

Energy prices Use low energy prices from DECC’s 
appraisal toolkit to value 

consumption 

Use high energy prices from 
DECC’s appraisal toolkit to value 

consumption 

Air pollutant damage 
costs 

Use low air pollutant damage costs 
from Defra appraisal guidance 

Use high air pollutant damage costs 
from Defra appraisal guidance 

EEA damage costs Use central air pollutant damage costs from EEA to value emissions 

Location adjusted Use regional adjustment factors (Eunomia 2010) to adjust central air 
pollution damage cost for location  

WACC Use low WACC Use high WACC 

Emissions to water Use lowest value from NWEBs 
associated with possible 

improvement (or worsening) of 
water quality for appropriate river 

basin / catchment (shift from ‘bad’ 
to ‘poor’)  

Use highest value from NWEBs 
associated with possible 

improvement (or worsening) of 
water quality for appropriate river 

basin / catchment (shift from ‘bad’ 
to ‘good’) 

Wider impacts Include value of any wider environmental impacts estimated and 
monetised by user for each option 

Before you begin manual sensitivity testing, you should note down the NPV and ranking order from 

the original 'base case' appraisal. Where you are making changes to inputs in a spreadsheet for 

sensitivity testing, please make sure you save any changes as a new version to avoid losing your 

base-case analysis.  

To undertake sensitivity testing you should: 

• Use a ‘high’ or ‘low’ estimate in place of the base case input and record any change in 

appraisal results.  

• Use the switching value approach. Increase or decrease the input value until a tipping point is 

reached; either the NPV of an option changes from negative to positive (or the other way 

around) or if the preferred option changes. Assert whether this change is viable. These tests 

should be done manually. 

• You should summarise your results in a table.  
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Table 9 provides an example of a tipping point sensitivity test. 

Table 9 - Sensitivity test results example 

Data 
inputs 

Base 
case 
preferred 
option 

Tipping point 
(lower) 

Likelihood Reason 

Installation 
price of 
BAT-AEL 

Option 2 If the capex was in 
the order of 
£3 million less than 
expected in the 
base case, BAT-
AEL would be the 
economically 
preferred option 

Likely £3 million is only 10% 
of the current 
expected cost. Since 
a variation of ±60% is 
a likely change, we 
would deem these 
data as sensitive 
inputs.   

 

You should then summarise what inputs the appraisal is most sensitive to.  

In the example above, you could state that the appraisal is sensitive to cost. Option 2 is preferred 

under the base case, but should the costs of BAT-AEL decrease by 10% over the appraisal period 

then the BAT-AEL option would be preferred.  

3.7.3.2 Scenario tests 

In scenario testing, you should amend more than one independent variable simultaneously and 

record any change in NPV (or the cost effectiveness ratio) and ranking of the options.  

We recommend testing the following scenarios:  

1) High cost and low benefit scenario;  

2) Low cost and high benefit scenario (not including the addition of water quality, odour and 

other wider benefits);  

3) Wider benefits only scenario. Water quality benefits are included within the appraisal, 

alongside any valuation of wider environmental impacts.  

4) Low cost and both high and wider benefits scenario (including the addition of water quality, 

odour and other wider benefits).  

5) Key variables scenario. Variables identified in sensitivity testing as 'sensitive' are 

amalgamated together in one or more scenario tests.  

These tests will provide a range of results, which should be presented alongside the base case for 

comparison. You should describe the conditions in which the preferred option in the base case 

changes and provide a judgement about whether these conditions are likely or not. 
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4 Conclusions – presenting your decision 

You need to provide a summary of your conclusions which is supported by your arguments and 

assessment. It should explain your choice of BAT from a series of options, or your case for 

derogation.  If you fail to consider all relevant options, or to provide a fully-reasoned justification for 

your proposal, it is likely that we will either reject your application or ask for the information you 

have failed to provide.  In the latter case, this will delay the determination and you may incur 

greater costs by having to redo work or obtain information that could have been acquired in one 

go. 

4.1 Content 

Your submission must be clear and transparent, showing your reasoning, key assumptions and 

your workings. The report should tell a story; outlining option choice, exploring the costs and 

impacts of each option, analysing results and testing uncertainty. Please include appendices 

where you feel more detail would be useful to support your appraisal. We have provided a 

template appraisal report in Appendix 4 as an example of how an appraisal report can be laid out.  

It should be used as a checklist to ensure that you have included the main appraisal information 

required for us to review.  You should also include a version of the appraisal tool you have used to 

conduct your analysis, together with any supporting data. 

It is useful to include graphs within your analysis. Graphs are a good way to summarise impacts 

and to flag up anomalies should there be any.  

Figure 1 is an example of a cost and benefit stacked column graph. 

Figure 1 Graph; an example 
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Appendix 1 - The Spackman approach  
The Spackman approach17: has been agreed by the Joint Regulators Group (JRG) in the particular 

case of a CBA where a firm finances the investment, but benefits mainly accrue to consumers or 

the wider public. In other words it sets out how to incorporate the private costs of capital without 

compromising the use of the social discount rate as the rate to use for discounting in CBA analysis 

involving private costs that lead to public benefits. This approach is known as the Spackman 

Approach after the public sector appraisal and evaluation expert and former Department for 

Transport Chief Economist, Michael Spackman.  

The Spackman’s approach  suggests using two discount rates in two separate phases of the CBA. 

The approach calculates the opportunity cost of the private capital investment by: 

 First, convert capex into annualised costs using the company’s cost of capital (WACC) and 

include them in the time schedule; refer to only the annualised costs, and not any more to 

the capex, to calculate the final present value of costs.  

 secondly discounting these annualised costs using the HM treasury discount rate.  

If we were to compare the sum of the discounted annualised costs to the initial discounted capital 

investment, the difference between the two would represent the present value of the costs of 

capital for that particular private capital investment.  

 

An example using the Spackman approach 

The table below shows the Spackman approach in practice, based on an example taken from the 

JRG (2012). 

Table A1.1- Spackman approach to discounting example (JRG, 2012) 

Cash flow  Unit Yr 0 Yr 1  Yr 2  Yr 3  Yr 4  Yr 5  

Discount factors using (STPR)  1 0.97 0.93 0.90 0.87 0.84 

Capex  £000’s  1,000      

Capex annualised using WACC=7% £000’s  244  244  244  244  244  

Discounted Capex annualised £000’s  237 227 220 212 205 

PV cost £000’s 1,100      

  

                                                
17 http://www.ofwat.gov.uk/aboutofwat/stakeholders/jrg/pap_tec201207jrgdiscount.pdf  
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Appendix 2 - Damage cost values 
Table A2.1 - Air quality damage costs (£ per tonne, 2010 prices) 

Pollutants Central 
estimate

1 
Central range

2 
Sensitivity

3 

 Low High Low High 

Nox             955              744            1,085             187            2,164  
SOx           1,633            1,320            1,856             520            3,452  
Ammonia           1,972            1,538            2,241             733            1,069  
PM domestic         28,140          22,033          31,978          3,033          79,131  
PM Agriculture           9,703            7,598          11,027          1,046          27,286  
PM Waste         20,862          16,335          23,708          2,248          58,666  
PM Industry         25,229          19,753          28,669          2,720          70,945  
PM ESI           2,426            1,900            2,757             495            6,257  
PM Transport Average         48,517          37,987          55,133          9,897        125,134  
PM Transport Central London       221,726        173,601        251,961        45,229        571,859  
PM Transport Inner London       228,033        178,540        259,129        46,516        588,126  
PM Transport Outer London       148,949        116,621        169,261        30,383        384,160  
PM Transport Inner Conurbation       117,899          92,309        133,975        24,050        304,074  
PM Transport Outer Conurbation          73,261          57,362          83,252        14,944        188,951  
PM Transport Urban Big         87,332          68,377          99,241        17,815        225,240  
PM Transport Urban Large         70,351          55,081          79,944        14,351        181,443  
PM Transport Urban Medium         55,310          43,305          62,853        11,283        142,652  
PM Transport Urban Small         34,932          27,351          39,696          7,126          90,096  
PM Urban         15,041          11,776          17,091          3,068          38,791  

Source: GB supplementary guidance air quality (Defra 2013) 

 
1 The central damage cost is derived from the lag probability distribution developed to reflect the fact that, 

although evidence is limited, COMEAP tend towards a greater proportion of the health effect occurring in the 

years soonest after the pollution. This estimate is intended for use only where a single point estimate is 

necessary and should always be accompanied by the central range.  

2 Variation between the central values reflects uncertainty about the lag between exposure to air pollutants 

and the associated health impact. The figures presented above vary according to a range between a 0 and 

40 year lag.  

3 In addition to the lag range, this sensitivity also applies the recommended COMEAP typical high (12%) and 

typical low (1%) hazard rate sensitivity.  

For current values and further detail see: www.gov.uk/air-quality-economic-analysis  
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Table A2.2 – Eunomia air quality damage costs for UK (€ per tonne, 2010 prices) 

Pollutant low (recommended) low-mid mid-high high 

NH3 15,583 24,309 30,699 44,723 
NOx 5,326 7,882 10,013 14,380 

PM2.5 25,322 39,502 49,884 72,674 

PM10 16,443 25,651 32,393 47,191 
SO2 8,033 12,531 15,825 23,055 

VOCs 1,007 1,329 2,215 2,870 

Source: Eunomia (2010) 

 

Table A2.3 – Recommended damage costs for trace organics for UK (€ per tonne, 2010 

prices) 

Pollutant Damage cost, € per tonne of pollutant 

Arsenic 376,000 
Cadmium 32,000 
Chromium 42,000 
Lead 990,000 
Mercury 940,000 
Nickel 4,300 
Benzene 80 
1, 3 Butadiene 500 
Dioxins 28,000,000,000 
Formaldehyde 240 
PAH 1,315,000 

Source: Eunomia (2010)  
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Appendix 3 - Fuel Emission 
Conversion Factors 
 
Fuel Emission Conversion Factors (DECC, 2014) 

Emissions factors All GHG emissions (kg carbon 
dioxide equivalent (CO2e) per kWh) 

Fuel kWh 

Gaseous fuels:  

  Liquefied petroleum gas (LPG) 0.215 

  Natural gas 0.185 

  Other petroleum gases 0.184 

Liquid fuels:  

  Aviation spirit 0.241 

  Aviation turbine fuel 0.248 

  Burning oil 0.247 

  Fuel oil 0.269 

  Lubricants 0.264 

  Naphtha 0.237 

  Refinery miscellaneous 0.246 

Solid fuels:  

  Anthracite 0.331 

  Coke 0.383 

  Coking coal 0.351 

  Domestic steam coal 0.340 

  Domestic smokeless solid fuel 0.362 

  Industrial steam coal 0.316 

  Petroleum coke 0.345 
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Appendix 4 - Template Final 
Appraisal report 
The following template shows an example of how the final appraisal report can be laid out. 

The first summarises results, while the second expands on the detail. You may prefer not to 

follow a table format and to instead use the headings as a guide to the chapters and 

subsection names within your report.  

Overview 

Company and 
geographical 
information 

Free text 
Include: name and address of company, append a map showing 

location of the site and surrounding area as part of permit application. 
Identify if the installation is within/near an Air Quality Management 

Area, Natura 2000 site, protected site and effluent discharge.   

Date economic 
appraisal started 

Date 

Name/s of assessor/s Free text 
Include: lead assessor and contributors, and their job role. 

Aim of economic 
appraisal 

The aim of this appraisal is to understand a) which BAT technique to 
implement to reach BAT-AELs; or b) whether Best Available 

Techniques are disproportionately costly.    

Article 15(4) criteria Explain which of the criteria you have identified to enable a cost benefit 
analysis to be constructed in support of your case for derogation 

Objectives of options 

 

 

The options appraised aim to achieve benefits to the environment and 
human health by reducing harmful industrial emissions. 

List of options 
assessed 

Free text 
This list must include the option for meeting BAT-AEL in the timeline 

set out in the BREF. 
Include: explanation of the reasoning behind shortlisting these options. 
Outline which options identified in the long list were not shortlisted and 

why. 

Results of base-case 
appraisal 

Net present values of all options  
Ranking of options 

Disproportionate cost decision for BAT 
Best BAT for achieveing BAT-AELs 

Monetised benefits Free text 

List the benefits which were monetised 

Non-monetised 
benefits 

Free text 

Include: key benefits and disbenefits which could not be monetised in 
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the appraisal. 

Emission limit 
achievable  

Free text 
The emission reduction associated with the recommended option 

Sensitivity testing 

 

 

Free text or select and adjust from suggestions below 
Sensitivity testing carried out, no issues highlighted. 

or 
Sensitivity testing carried out, issues highlighted (explain). Explain 
whether more information is required to make a recommendation. 

Recommendation of 
assessor 

Free text  

Quality assurance 
undertaken 

Delete as appropriate 
Yes/No 

If yes, include name of the reviewer. 
 
 
Detail  

Options  Free text  

Include: option names and design detail, key assumptions (e.g. 
what appraisal period, asset lives) made where there were gaps in 

evidence and external engagement undertaken in option design. 

Costs for each of the 
options 

Equipment 

Primary emission control equipment 
Auxiliary equipment 

Instrumentation 
Modifications to existing equipment 

Other (please specify) 

Installation costs 

Land 
Site preparation 

Civils 
Materials 

Other (please specify) 

Other capex 

Residual value of existing technology (where replaced) 
Project planning (if not in civils) 

Other (please specify) 

Cost of Capiral 

Operating costs 

Labour 
Maintenance 

Other (please specify) 
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Costs used Free text 
Outline cost information sources and whether any price 

adjustments were made. Indicate what Weighted Average Cost of 
Capital rate was used. 

Appraisal Summary Table Insert/append Appraisal Summary Table (qualitative and 
quantitative description of impacts). Include information on who 

'winners and losers' are (distributional analysis). 

Benefit values used Free text 
Explain what values were used in the base-case to monetise 

impacts. If you had to choose between values, explain why you 
chose that particular value over the other.  

Describe the non-monetised values  

Base case results Net present cost, net present benefit and net present value of all 
options. Tables and graphs. 

Ranking of options 
Explain what impacts were monetised 

Explain what impacts were not monetised and how these might 
affect the appraisal results should monetisation be possible.  

Sensitivity testing  Insert/append table of sensitivity tests 

Recommendation Free text 
Are the benefits of meeting BAT-AELs outweighed by the costs? 

Which is the preferred BAT to achieve the BAT-AELs?  
Outline appraisal recommendation based upon appraisal results, 

sensitivity tests and non-monetised values. Does the result rely on 
any important assumptions?  

Engagement Free text 
Include: information on who has been involved in the process and 

how (such as, workshops, one-to-one meetings, online 
consultation, telephone interview or via email). 

Sources and references Free text; include hyperlinks where available. 
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Reference 
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