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 Please find enclosed Amec Foster Wheeler Environment & Infrastructure UK Limited’s (‘Amec Foster 
Wheeler’) fee proposal for supporting: TPP Maritsa East 2 EAD (“TPP2”), ContourGlobal Maritsa East 3 AD 
(‘ContourGlobal’); AES -3C Maritsa East 1 EOOD (“AES”) and Brikel EAD “Brikel”). This proposal is 
submitted to TPP2 as the coordinating organisation for the tendering process. The work will ultimately be 
undertaken for four companies in four lots, as follows:  

 Lot One: Environmental Costs Benefit Analysis of TPP Maritsa East 2 EAD relating to the 
achievement of emission levels specified in the Large Combustion Plant BAT Conclusions 
(BATC). 

 Lot Two: Environmental Costs Benefit Analysis of ContourGlobal Maritsa East 3 AD relating to 
the achievement of emission levels specified in BATC.  

 Lot Three: Environmental Costs Benefit Analysis of AES-3C Maritsa East 1 EOOD relating to 
the achievement of emission levels specified in BATC.  

 Lot Three: Environmental Costs Benefit Analysis of Brikel EAD relating to the achievement of 
emission levels specified in BATC.  

The project is in in relation to assessments foreseen under Article 15(4) of Directive 2010/75/EU (the 
Industrial Emissions Directive - or IED) from the sulphur dioxide (SO2), oxides of nitrogen (NOx) and mercury 
(Hg) Best Available Techniques Associated Emission Level (BAT-AEL) for the lignite fired power plants, 
Maritsa East 3, Maritsa East 2, AES Bulgaria and BRIKEL (the ‘four installations’) in Bulgaria. Following our 
discussions we have provided a combined proposal for all four installations, given that the scope of work is 
the same for each and the same contractual terms are expected to be used. The contract will comprise 4 
LOTS, one for each installation.   
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Keir McAndrew 
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Block 3, Level 2; Booths Park, Chelford Road, 
Knutsford, Cheshire, WA16 8QZ, United Kingdom 
 
T +44 (0)1565 684460  M:+44 (0)7960 950960   
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1. Introduction  

1.1 Context  

Article 15(3) of IED states that Member States shall set emission limit values (ELVs) so that, under normal 
operating conditions, emissions do not exceed emission levels associated with the use of best available 
techniques (BAT) as set out in the BATC established within the relevant BAT Reference (BREF) document. 
Article 15(4) of IED describes the potential grounds for derogations from Article 15(3). It states that in specific 
circumstances the Member State competent authority may set less strict emission limit values: 

 ‘Such a derogation may only apply where an assessment shows that the achievement of the 
emission levels associated with BAT would lead to disproportionately higher costs when 
compared to the environmental benefits, due to: 

 The geographical location or local environmental conditions of the installation concerned; or  

 The technical characteristics of the installation concerned.’   

Any such derogation and, ultimately, the emission limit values (ELVs) set by the competent authority in 
permits must in any case ‘ensure no significant pollution is caused and a high level of protection of the 
environment as a whole is achieved’. 

Chapter III of the IED provides special conditions specific for combustion plants where the total rated thermal 
input is equal to or greater than 50 MWth, irrespective of the type of fuel used, with Article 30(2) establishing 
that ELVs shall be applied for installations containing combustion plants which have been granted a permit 
before January 7th 2013. The ELVs for existing combustion plant are specified within Annex V, Part 1 of the 
Directive and, in the case of lignite fired combustion plant greater than 300 MWth, the applicable SO2 ELV is 
200 mg Nm-3.  

For combustion plants firing indigenous solid fuel, which cannot comply with this ELV due to the 
characteristics of the fuel, Member States can instead apply a minimum rate of desulphurisation set out in 
Annex V, Part 5. For plants greater than 300 MWth which were granted a permit before 27 November 2002, 
the minimum rate of desulphurisation is 96%.  

The final draft of the BREF for Large Combustion Plants was issued in June 2016 with the Implementing 
Decision1 approved on 31 July 2017. 

The BATC for existing lignite fired combustion plant contain BAT-AELs which are lower than those that can 
be achieved with the current rate of desulphurisation at the power plants. Therefore, the four installations 
expect to make a case under Article 15(4) to secure derogation from the BAT-AEL. In order to do so, they 
are seeking support to undertake a cost-benefit analysis (CBA) study to understand the proportionality of the 
additional costs to further reduce SO2 emissions from the power plant. 

In addition to SO2, the four installations have also requested analysis in relation to emissions of NOx and Hg.  

                                                           
1 Commission Implementing Decision (EU) 2017/1442 of 31 July 2017 establishing best available techniques (BAT) conclusions, under 
Directive 2010/75/EU of the European Parliament and of the Council, for large combustion plants 

mailto:keir.mcandrew@amecfw.com
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1.2 Objectives 

The primary purpose of the study is to: 

 Quantify the societal benefits gained from further abatement of SO2, NOx and Hg emissions 
from the four installations; 

 Present these benefits, together with a clear methodology indicating how these were derived, 
and the approach taken to monetisation of such benefits, where possible; and 

 Compare the societal benefits to the financial costs of installing and operating further abatement 
over its expected operational lifetime. This will enable a comparison of the potential public 
benefits expected to be derived from its installation, compared to the costs of 
installation/operation and hence a discussion of ‘disproportionality’ in line with the wording in 
Article 15(4). 

1.3 Scope 

Type of assessment 

There are two primary methods available for quantifying the societal benefits associated with reductions in 
emissions to air. These methods are detailed below. 

The ‘damage cost’ approach (DCA) 

This approach makes use of damage costs, expressed as a monetary value for each tonne of emission 
avoided (i.e. €/tonne). It provides a relatively quick and simple initial appraisal of the societal benefits that 
may be gained from emission reductions. However, damage costs should only ever be viewed as an 
approximation of the potential benefits associated with air quality improvements for the following reasons:  

 They are based on ‘average’ dispersion and population densities (usually at national or even EU 
level), rather than site specific densities and dispersion characteristics; 

 For some pollutants, there are different damage costs depending on the source of emissions 
(for example particulate matter). Even for the same pollutant the values can differ substantially. 
For SO2 we are aware of damage cost values published by the (UK Interdepartmental Group on 
Cost Benefit Analysis (IGCB) that are in the region of €2,200 per tonne and those published by 
the European Environment Agency are in the region of €11,000 per tonne2. The EEA also 
publish guidance on damage costs for each Member State, which will help guide relevant 
adjustments for Bulgaria, where appropriate3. Similarly there are no “formal” damage costs for 
some pollutants, including Hg. Hence any CBA assessment using these values will necessarily 
result in a very wide range in the results; 

 In addition, different damage cost values include different elements, some solely include human 
health effects; others include these and effects on buildings, for example; 

 In the UK, at least, the Government recommends where a damage cost assessment identifies 
impacts in excess of £50 million, that a full impact pathway assessment is undertaken4. This is 
to ensure that the detail of the analysis is in proportion to the scale of the potential effects; and 

 Essentially this approach should be viewed as an approximate screening exercise. It may, in 
fact, overstate damage caused by the same mass of pollutant emitted from a tall stack in a rural 
area and understate that from an equivalent source emitted at ground level in a major urban 
area. The results will be within a wide range and will be uncertain. For this reasons we do not 

                                                           
2 See for example https://www.gov.uk/government/publications/industrial-emissions-directive-derogation-cost-benefit-analysis-tool  
3https://www.eea.europa.eu/media/newsreleases/industrial-air-pollution-has-high/industrial-air-pollution-
pictures/damage-costs-by-country/view 
4 https://www.gov.uk/guidance/air-quality-economic-analysis  

https://www.gov.uk/government/publications/industrial-emissions-directive-derogation-cost-benefit-analysis-tool
https://www.gov.uk/guidance/air-quality-economic-analysis
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recommend relying solely on this approach in assessments undertaken in relation to Article 
15(4) of the IED.  

The impact-pathway approach (IPA) 

On the basis that impact pathway assessment is a well-accepted method to evaluate effects of air pollution 
at European Level, we propose to use this approach to supplement the conclusions of the damage cost 
assessment. This will enable analysis more attuned to site specifics to be undertaken. Given that the 
‘geographical, location or local environmental conditions of the installation concerned’ is a central component 
of Article 15(4), impact-pathway analysis allows a more focussed assessment. The impact pathway 
approach adds additional stages to the analysis to improve the estimates: 

 Firstly, by applying dispersion modelling to assess local concentrations and hence the actual, 
rather than assumed, population at risk;  

 Secondly, by applying ‘concentration response functions’ to more accurately assess how these 
people may be affected by exposure; and 

 Thirdly, by explicitly considering each type of potential damage caused by the relevant pollutant, 
for example human health, environmental and buildings damage.  

The overall process for undertaking an impact-pathway cost-benefit analysis is presented below. 

  

Approach to be used  

An initial assessment will be undertaken using the damage cost approach to estimate the potential societal 
benefits associated with reduced emissions of SO2, NOx and Hg. This assessment may suggest clear 
disproportionality in the cost: benefit ratio. However, given the limitations inherent to any estimate using 
damage costs the potentially high profile nature of any derogation case made under Article 15(4) and the 
size of the investment that may ultimately depend on the Competent Authorities decision, Amec Foster 
Wheeler’s recommendation would be to carry out an additional more detailed impact-pathway study. 
Following further consultation with the four installations, the proposal includes allowance for the following 
approaches described in Table 1.1. It should be noted that the methodological challenges are greatest for 
Hg, hence this assessment will be subject to more uncertainty than the others.  
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Table 1.1  CBA approaches proposed for the four installations 

Pollutant Approach 

NOx DCA + IPA 

SO2 DCA + IPA 

Hg DCA + IPA 

 Notes: DCA = damage cost assessment; IPA = impact-pathway assessment 

Pollutants and number of sites considered 

This proposal is based on consideration of the emissions and approaches described by Table 1.1 for the four 
installations. Should further pollutants or additional or indeed fewer sites need to be added to the scope, 
additional costs would be incurred. If further assessment is required, the scope of work and the associated 
fee would be agreed with the installations in advance. The costs estimates provided reflect economies of 
scale savings for the four installations, hence if one operator were not to require the assessment, the costs 
for the others are expected to increase.  

Scenarios considered 

Provision has been made for consideration of two specific scenarios for each installation and for each 
pollutant at this stage: 

 The business as usual (BAU) scenario, representing emissions from the power plants and 
associated societal costs without further abatement; and 

 The abatement scenario, representing the emissions and associated additional societal benefit 
for the preferred abatement option. 

Cross media effects 

Other ‘cross media’ environmental factors should also be considered in assessment conducted under the 
context of Article 15(4), where these are relevant. Examples may include increased energy requirement and 
associated emissions of CO2, or additional discharges to water. At this present stage, there is insufficient 
information on the potential options being considered to further reduce emissions to air. Valuation of cross 
media effects are, therefore, not included in the current scope. 

Estimation of capital and operational expenditure (CAPEX and OPEX) 

Amec Foster Wheeler’s understanding is that the four installations will provide CAPEX and OPEX estimates 
for the preferred abatement option. Derivation of these estimates by Amec Foster Wheeler is not included in 
the current scope. Should it be considered that such estimates could be usefully provided by Amec Foster 
Wheeler staff then we can engage our experts in this field to provide such values for an additional cost. 
Where this option is required then consideration of the impacts on timescales would be required, with 
possible short delays resulting in relation to the timetable provided in this proposal that presently excludes 
such work. The details can be agreed in advance with the four installations, and it would be useful for further 
information to be provided in any final report on precisely which elements have been included, excluded or 
cannot be estimated at the time of writing, for reasons of transparency.     

Additional requirements  

A document “guidance on the information needed to be prepared for granting a derogation under Art. 15(4) 
of Directive 2010/75 EC” is contained as attachment 1A in the tender documentation. We will refer to this 
note and prepare the work in accordance with this. We note the precise requirements listed are “indicative”. 
Information from the installations will be required in order to comply with several specific elements and other, 
for example: details of information on water use, power usage, usage of main raw materials, change in 
quantitates and types of generated waste are not considered to be relevant in this case. However, Amec 
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Foster Wheeler will develop a data needs questionnaire and submit this to the four installations to aid data 
collection.  

The approach includes the development of a methodology note which will be sent to the Competent 
Authority, setting out the overall approach to the cost benefit analysis as well as a small number of specific 
technical elements. This requirement was specified in the tender documentation. This proposal assumes that 
the competent authority accepts the approach contained in this proposal and does not require a materially 
different scope. We do not expect this to be the case and the method is in accordance with accepted 
approaches to these studies at EU level. Any changes to the scope and associated fees will be discussed 
with the four installations concerned.    

2. Methodology and stages of the project  

2.1 Inception Meeting  

We propose a teleconference at the start of the project to introduce the project team and ensure we fully 
understand your requirements as well as the context to the site (including historical investment in emission 
abatement). It would be useful for us to discuss:  

 Any communication you have had with the Bulgarian Competent Authority (I.e. feedback, initial 
views from them on the site)5;  

 Information and data requirements; and 

 Agree logistics, including timescales. 

2.2 Task 1 – Establishment of emissions inventory  

The first stage will be to establish the current annual quantity of SO2¸NOx and Hg emissions from the four 
installations to allow a baseline upon which the benefits from additional reductions in emissions can be 
assessed. Amec Foster Wheeler would derive the emissions inventory based on the latest environmental 
performance data of the four installations (to be provided by the respective installations).  

2.3 Task 2 – Stage I damage cost assessment  

The first stage is to identify the mass of SO2, NOx and Hg under the BAU scenario and the abatement 
scenario emitted each year over the operational lifetime of the abatement equipment. An appropriate 
estimate on operational lifetime will be agreed with each installation, and/or based on data in the public 
domain (from the BREF, for example). Appropriate damage costs (€ per tonne emitted, per year)6 will be 
applied to the mass of pollutants emitted under a baseline and emission abatement scenario, over the 
equipment lifetime. After adjustments are made7, net present value (NPV) will be calculated. We have 
assumed that data on the mass of each pollutant under each scenario, for each installation, can be provided 

This will provide an overall value of the societal benefits of emission reduction at the site. This will then be 
compared with the net present value (NPV of the costs of abatement, which will be calculated using the 
CAPEX and OPEX data provided by each installation). The UK Government has published a user tool to 

                                                           
5 We have received and reviewed the note forwarded by CountourGlobal on the 14/08/2017 “MoE Coordination Unit guidance on the 
information needed to be prepared for granting a derogation under Art. 15 (4) of Directive 2010/75 / EC”.  
 
6 Our understanding is that there are not “standard” Government recommended damage costs for Bulgaria. Therefore, we propose to 
use damage costs from reputable published sources that are appropriate at European level. These would include those from CAFÉ 
(http://ec.europa.eu/environment/archives/cafe/activities/pdf/cafe_cba_externalities.pdf) for example. Relevant data from the EEA will 
help adjust these where appropriate. See for example: https://www.eea.europa.eu/media/newsreleases/industrial-air-pollution-has-
high/industrial-air-pollution-pictures/damage-costs-by-country/view. We will also consider using the standard damage costs for SO2, 
published by the UK government https://www.gov.uk/guidance/air-quality-economic-analysis as part of a sensitivity assessment, for 
example.  
7 A discount rate will be applied, likely to be 4% in line with European Commission Impact Assessment guidance. We also add a 
“willingness to pay” uplift, as some of the valuation is based on willingness to pay data and the expectation is that this will rise in line 
with inflation. The standard assumption is 2% per year.  

http://ec.europa.eu/environment/archives/cafe/activities/pdf/cafe_cba_externalities.pdf
https://www.gov.uk/guidance/air-quality-economic-analysis
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help with this calculation and the Bulgarian Competent Authorities has provided further guidance in the note 
referred to above. We will either use this UK model or create our own, depending on the damage cost values 
and other parameters used8.  

This analysis will form a short section of our final report for each installation. The assumptions will be clearly 
set out. The results will be communicated to each installation.  

2.4  Task 3 – Stage II impact pathway assessment  

Dispersion modelling of SO2 and NOx emissions and population exposure analysis  
The first stage of this analysis is to quantify the population weighted mean exposure to SO2 and NOx (or, 
more appropriately, NO2, as this is the component of NOx associated with health effects). In order to quantify 
the contribution of SO2 and NOx emissions form the each installation to overall ambient SO2 and NO2 
concentrations in the local area, dispersion modelling will be required. 

Detailed dispersion modelling of the BAU scenario and abatement scenario will be used to identify changes 
in ambient annual mean ambient concentrations of SO2 and NO2. Emissions from each power plant will be 
modelled over a 30km x 30km model domain with a 200m x 200m resolution; this being an appropriate 
distance whereby contributions from large emission sources start to become indistinguishable above 
background levels and the distance to which large emitters are generally considered as part of modelling 
studies. It is also considered appropriate given the number and distribution of potential receptors in the local 
area. 

Amec Foster Wheeler uses several dispersion models which are widely applied and accepted across the EU: 

 The ADMS model, an advanced short-range Gaussian model, developed in the UK by 
Cambridge Environmental Research Consultants (CERC) in collaboration with the 
Meteorological Office, National Power and the University of Surrey;  

 The AERMOD model, an advanced short-range Gaussian model, developed in the United 
States by the American Meteorological Society (AMS)/United States Environmental Protection 
Agency (USEPA) Regulatory Model Improvement Committee (AERMIC) and 

 The CALPUFF model, a long-range non-steady state Lagrangian puff model, originally 
developed by the Sigma Research Corporation (SRC) in the late 1980s under contract with the 
California Air Resources Board (CARB). More recently ownership transferred to Exponent, who 
are currently responsible for maintaining and distributing the model. 

As the model domain is limited to a 30km x 30km area, use of a short-range model such as ADMS and 
AERMOD would be acceptable. Both models are termed ‘new generation’ models, parameterising stability 
and turbulence in the planetary boundary layer (PBL) by the Monin-Obukhov length and the boundary layer 
depth. This approach allows the vertical structure of the PBL to be more accurately defined than by the 
stability classification methods of earlier dispersion models such as R91 or ISC. Like R91 and ISC, ADMS 
and AERMOD adopt a symmetrical Gaussian profile of the concentration distribution in the vertical and 
crosswind directions in neutral and stable conditions. However, unlike R91 or ISC, the ADMS and AERMOD 
vertical concentration profile in convective conditions adopts a skewed Gaussian distribution to take account 
of the heterogeneous nature of the vertical velocity distribution in the Convective Boundary Layer (CBL). 

Numerous model inter-comparison studies have demonstrated little difference between the output of ADMS 
and AERMOD, except in certain complex terrain scenarios. Effectively, AERMOD assumes 50% of the 
plume, as a minimum, impacts the surface without any consideration of the specific nature of boundary layer 
stability or the terrain features. ADMS, however, through its FLOWSTAR sub-routine, explicitly calculates the 
3-dimensional flow field over terrain, allowing more advanced treatment of dispersion in areas of complex 
terrain. The overly-pessimistic approach of AERMOD in areas of complex terrain has been discussed by 
Carruthers et al (2011) who concluded: 

                                                           
8 See for example: https://www.gov.uk/government/publications/industrial-emissions-directive-derogation-cost-benefit-analysis-tool 
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“...where there is plume impaction AERMOD has a tendency to overestimate concentrations and, therefore, 
may act as a screening model in this case, whereas ADMS may predict more realistic concentrations.” 

Therefore, ADMS would be our preferred model in this case due to the complex terrain to the south and east. 
However, if there was a desire for predictions to be made using AERMOD, we could consider this option 
without having an impact on scope or budget. 

Our initial review indicates there are no weather stations in the local area which could provide the full range 
of meteorological parameters to the correct QA/QC requirements and in the correct format to run the model. 
Therefore, we would propose to use 5 years of hourly sequential meteorological data from the Weather 
Research and Forecasting (WRF) global model, interpolated from the full 4km x 4km resolution dataset for 
the central point between the four installations. There is the potential for meteorological data collected locally 
and not available to Amec Foster Wheeler’s suppliers to be used in the assessment. However, Amec Foster 
Wheeler would need to be provided with details on the location and operation of these stations in order to 
ascertain whether the data meets the minimum QA/QC requirements for use in dispersion modelling studies.   

Gridded results from the dispersion model outputs will be input to GIS software and combined with 
population count data at a 1km x 1km resolution obtained from the Republic of Bulgaria National Statistical 
Institute to derive the population weighted mean concentration (PWMC) of SO2 and NO2 in the study area for 
the BAU scenario and the abatement scenario. 

Dispersion modelling of Hg emissions and population exposure analysis  
The approach for these pollutants is largely consistent with that described above. However, in the case of 
Hg, given a significant proportion of human exposure arises from ingestion, in addition to inhalation, 
estimates of Hg deposition rates and subsequent ingestion from e.g. surface water contaminated with Hg, 
cattle grazing on land contaminated with Hg etc will be required. Here, the risk assessment involves 
modelling the fate and transport of Hg beyond its dispersion in the air. Transport through mechanisms such 
as deposition, run-off and bioaccumulation are considered with an overall objective of predicting the impact 
of pollutants on people and the environment. 

These estimates will be made using the IRAP-h software. IRAP-h is an advanced human health risk 
assessment program for conducting a comprehensive multi-pathway risk assessment based on the US EPA 
Human Health Risk Assessment Protocol (HHRAP). 

Calculation of dose-response and impact in target receptors (health impact assessment) 
We will prepare an impact pathway assessment utilising a health impact assessment (HIA) for SO2 for NO2 
and Hg. As such, the main objectives of this task are to: 

 Review the latest literature on health impacts of SO2, NO2 and Hg; 

 Identify appropriate concentration-response functions, as far as possible, for each pollutant 
based on the health endpoints identified for use in health impact analysis; 

 Identify the population at risk and their characteristics; 

 Calculate the population mean exposure; 

 Calculate the health impacts based on concentration response function, population mean 
exposure and population numbers; 

 Provide a commentary on any characteristics of the population at risk that would make them 
more or less susceptible than the UK population as a whole. For example the evidence 
suggests that socio-economic ‘deprivation’ influences susceptibility to health problems as well 
as influencing underlying health conditions; and  

 Note our approach has assumed that the four plants, are in the same area and so the study 
team will be able to use the same (or very similar) population/background rates statistics.  
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SO2 

The recent WHO-European Commission HRAPIE review  (WHO, 2013a) of concentration-response 
information for air pollutants for use in regulatory impact analysis did not include SO2, although the 2013 
WHO-European Commission REVIHAAP review of the health effects of air pollution had confirmed the 
relationship between exposure to SO2 and acute respiratory effects (WHO, 2013b). The concentration-
response information used in the Interdepartmental Group on Costs and Benefits (IGCB, 2008) analysis to 
support the UK National Air Quality Strategy is relatively old. The US EPA (2010) regulatory impact analysis 
of the US SO2 air quality standards only considered acute respiratory effects as the evidence to support 
other health effects was believed to be inadequate. The Department of Health’s Committee on the Medical 
Effects of Air Pollution (COMEAP, 2009) found evidence that was suggestive of a relationship between 
exposure to SO2 and increased mortality risk but were unable to identify a suitable concentration-response 
relationship for quantification.  A recent epidemiological study conducted in the UK reported a relationship 
between long term exposure to SO2 and mortality risk. Given that a number of studies have been published 
in the last 5 years, a brief review of the published reviews and new studies identified using PubMed – an 
online database of the medical literature maintained by the US National Institutes of Health – will be 
undertaken to establish the most appropriate concentration-response functions to use for impact 
quantification. Provisionally the impact assessment would be based on the ICGB concentration-response 
functions with information from more recent studies being used as part of a sensitivity analysis.  

NO2 

There is a wealth of studies showing statistically significant associations between short term exposure to 
NO2 and a range of health outcomes. The REVIHAAP report summarises an extensive set of studies linking 
daily NO2 with all-cause, with cardiovascular and with respiratory mortality; in most studies, including in 
Europe, relationships persisted after adjustment for PM (WHO, 2013b). It also reviews extensive evidence of 
relationships with hospital admissions for respiratory causes (especially asthma), where relationships were 
generally robust to adjustment for PM; and for cardiovascular and/or cardiac causes, where relationships 
were less clear after adjustment for PM. There is also evidence from panel studies of exacerbation of 
asthmatic symptoms in children. WHO (2013b) also concludes that “chamber and toxicological evidence 
provides some mechanistic support for a casual interpretation of the respiratory effects”. Longer-term (annual 
average) exposure to NO2 is also associated with increased risks of mortality in adults. The meta-analysis of 
Hoek et al. (2013) aggregated results from 11 cohort studies and found overall a statistically significant 
increase in mortality hazards (i.e. in the probability of dying at a particular age among people who had 
survived to that age) of 5.5% per 10 µg/m3 annual average NO2.  

An important issue in assessing the health effects of NO2 has been how to interpret that evidence. In many 
circumstances NO2 and PM have a similar pattern of higher and lower days; this makes it difficult to identify 
which pollutant is causing what damage. The REVIHAAP Review (WHO 2013b) concluded that there are 
adverse health effects of NO2 that are in addition to the effects of PM mass and of ozone, and secondly that 
these adverse health effects (additional to those of PM mass and of ozone) are caused by NO2 itself; i.e. 
NO2 is not simply acting as a marker of a pollution mixture, it is partly responsible for the adverse health 
effects associated with it. In the UK, COMEAP considered these conclusions and the evidence underlying 
them, and endorsed them (COMEAP, 2015). Provisionally the impact assessment for the current study would 
be based on the HRAPIE concentration-response functions with information from any more recent studies 
being used as part of a sensitivity analysis.  

Mercury 
Exposure to mercury is not included in the reviews of ‘traditional’ air pollutants and there is less information 
available on dose-response relationships between mercury and health. The World Health Organisation notes 
that mercury is highly toxic to human health, posing a particular threat to the development of the child in 
utero and early in life9. Exposure to mercury occurs through inhalation of mercury from industrial emissions 
and ingestion of mercury, primarily from fish and shellfish. The potential health effects of mercury include 
lung and kidney problems, nervous system damage and impaired neurological development. Large amounts 
of mercury vapour in the air can cause effects such as cough, breathing difficulties and chest tightness; 
                                                           
9 http://www.who.int/phe/news/Mercury-flyer.pdf  

http://www.who.int/phe/news/Mercury-flyer.pdf
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tremor, irritability, nervousness, memory loss, hallucinations, muscle changes and headaches10. A study in 
the UK of a population living near to sources of mercury pollution found some evidence of association 
between exposure to mercury and excess kidney disease mortality (Hodgson et al, 2006).  A 2007 study of 
prenatal exposure to methylmercury and IQ estimated a dose–response relationship between maternal 
mercury body burden and subsequent childhood decrements in intelligence quotient (IQ), using a Bayesian 
hierarchical model to integrate data from three epidemiologic studies (Axelrad et al, 2007). The current study 
will provisionally use these studies in the health impact assessment, while also carrying out a review of more 
recent literature to identify any additional relevant studies.  

Impact methodology 
Calculation of population mean exposure will require the use of GIS to generate population weighted mean 
exposures for the baseline and intervention scenarios, as far as possible. The calculation of impact is a 
simple function of multiplication of the population-weighted increment in exposure to each pollutant (SO2, 
NO2, mercury) by the appropriate concentration-response function.   

Population characteristics that might increase susceptibility to air pollution include: 

 Above average levels of deprivation; 

 Shorter life expectancy/ higher death rate; 

 Above average proportion of older adults or very young children; and 

 Poorer baseline health. 

It is important that such factors are considered in the health impact assessment. To enable consideration of 
these factors, baseline health information and population characteristics for the study area will be obtained.  
One potential source of this information is http://www.nsi.bg/en/content/5553/health which contains 
information on population demographics, social inclusion and living conditions and mortality statistics. 
Additional web searches will be carried out during the study to identify further relevant statistics. 

Valuation of human health and environmental benefits and presentation of costs  
Using the technical analysis from the HIA the final stage is to provide a valuation of the health and other 
environmental benefits and consider these alongside the costs. The UK impact pathway guidance11 
categorises the impacts in four ways; the objective is to quantify all four where possible: 

 Human Health: The HIA will identify specific health effects. These will be given a monetary 
value using published, reputable sources (such as IGCB recommended health values and/or 
CAFE values)12. This would be based on the results of the previous task. As noted above, this 
is comparatively more straightforward for SO2 and NOx than it is for Hg; 

 Productivity (detriment to human and natural capital). Effects here include direct effects on crop 
yields and materials damage (i.e. damage to buildings near the plant) from, for example, SO2: 

 This is only harmful above certain concentrations - air dispersion modelling will be used to 
draw a conclusion as to the likelihood of damage. Changes in the effects of crop yields can 
be estimated with reference to the integrated cooperative programme on Vegetation and 
Mapping and Modelling. Yield changes can then be valued using international crop prices; 

 Ultimately any effect will depend on activity near the plant; and  

 As noted above, in terms of Hg exposure to mercury is not included in the reviews of 
‘traditional’ air pollutants and there is less information available on dose-response 

                                                           
10https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/561028/mercury_general_information.
pdf  
11 https://www.gov.uk/government/publications/air-quality-impact-pathway-guidance  
12 Note these are different to the IGCB damage costs as they relate to specific health end points rather than general levels of damage 
per tonne of pollutant. 

http://www.nsi.bg/en/content/5553/health
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/561028/mercury_general_information.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/561028/mercury_general_information.pdf
https://www.gov.uk/government/publications/air-quality-impact-pathway-guidance
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relationships between mercury and health. Multiple, complex intergenerational health effects 
may be caused by Hg, including impaired neurological development, which some studies 
have attributed to reduced earning potential in later life. If is not currently clear which specific 
health effects can be quantified in the HIA, hence it is unclear what, if anything, can be given 
a monetary valuation. However where quantification is not possible, the results will be 
discussed qualitatively.  

 Ecosystems (effects on the environment). This is a complex area where limited information 
exists and it is hard to attribute damage to any given site. We will research this with reference to 
the large body of literature, focussing on any effect on critical levels and critical loads, where 
appropriate13. We will research nearby environmental designations. As above where 
quantification is not possible, the results will be discussed qualitatively; 

 A final category – amenity - relates to conscious changes in peoples’ satisfaction (this is not 
relevant in this case); and 

 We will provide monetary valuation of all effects where it is possible to do so, clearly explaining 
the approach used, assumptions made and the key uncertainties. 

Once we have valued the social benefits of abatement, as before we compare the net present value of the 
costs, with the net present value of the benefits. Finally, we will undertake a sensitivity analysis. This is a 
formal requirement where we test the effects of varying key input data; reflecting uncertainties in it. Results 
would be presented in a range. It is important to note that there are always uncertainties associated with any 
cost benefit analysis.   

2.5 Reporting 

We will produce a single, consolidated report containing the outcome of the tasks for each installation. For 
each installation we will provide a draft report for comment with the final report produced upon receipt of a 
single set of consolidated comments. Reports will be provided in electronic format detailing the methodology, 
results and any supporting calculations. We have also included costs for the provision of a short method note 
for provision to the Bulgarian Competent Authority at an appropriate stage in the project.  

3. Data requirements 
In order to complete the dispersion modelling study to support the assessment, the following data will be 
required for both the BAU and abatement scenarios for each installation: 

 Site plan; 

 Stack height (m); 

 Stack internal diameter (m); 

 Discharge velocity or volumetric flow (m/s or m3/s); 

 Discharge temperature (°C); 

 SO2 NOx and Hg emission rate (g/s or tpa); 

 Stack location (X/Y); and 

 Dimensions of buildings (height, length and width) in the vicinity of the emission point. 

To support the cost-benefit study, CAPEX and OPEX for the preferred abatement option would need to be 
provided each installation. A full list of data needs will be provided to the installations.  

                                                           
13 http://www.apis.ac.uk/overview/issues/overview_Cloadslevels.htm  

http://www.apis.ac.uk/overview/issues/overview_Cloadslevels.htm
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4. Project team  

4.1 Project director 

Keir McAndrew, Associate Director, would act as the Project Director for the study. Keir will be ultimately 
accountable for ensuring the work meets the installations expectations and fulfils the main objectives as set 
out in this proposal. 

Keir is a leading authority on the Industrial Emissions Directive and has an extensive background in 
international affairs with a particular focus on industrial environmental management. He joined Amec Foster 
Wheeler following work for a UK environmental competent authority as well as DG Environment of the 
European Commission. From 2007 to 2013 he dealt with industrial emissions and air quality both at the EU 
and global level. He has managed several studies concerning the development and implementation of 
environmental policy at the regional, national and international levels. 

Keir’s career has focussed on both the development of new legislation on industrial emissions, culminating in 
the successful negotiation of the European Directive on industrial emissions (IED) that covers approximately 
52,000 installations across the EU, as well as on the implementation of the existing environmental acquis on 
industrial emissions and air quality at both the European Commission and competent authority levels. He 
has been involved as part of EU negotiation teams for the United Nations Economic Commission for Europe 
(UNECE) Convention on Long Range Transboundary Pollution and associated Gothenburg and Heavy 
Metals Protocols as well as the United Nations Environment Programme Minamata Convention on mercury. 
Keir is currently Project Director for a European Commission study on the application of derogations under 
Article 15(4) of the IED.  

4.2 Project manager 

David Tyrer, is an Associate Director in the environmental policy and economics team. He would act as 
Project Manager and would the primary day-to-day contact point for the installations. David is an economics 
consultant with some 15 years’ experience in the management of economic studies for the European 
Commission, their agencies (such as ECHA), UK central, regional and local government, government 
agencies and the private sector. His areas of expertise include economic and socio-economic impact 
assessment; cost benefit analysis and economic appraisal; ex post, ex ante and mid-term evaluation; 
economic sector and feasibility studies; economic analysis of social policy and economic case making for 
infrastructure projects, including renewable energy.  

He has extensive project management experience and has held posts as an economics consultant within a 
town planning firm, in specialist economic and social development consultancy and in an economics and 
environmental think tank, before joining Amec Foster Wheeler around six years ago. He has prepared 
several similar cost benefit analyses in the context of Article 15(4) of the IED, has applied the methodology 
we propose here before and has delivered residential training courses on cost benefit analysis in the UK and 
overseas. 

4.3 Technical input 

Modelling lead 
Adam Clegg, Associate Director, would lead the modelling study supported by more junior personnel where 
relevant. Adam is a member of the Institute of Air Quality Management (IAQM) and technical leader for Amec 
Foster Wheeler’s environmental assessment product group. He has more than 12 years’ consultancy 
experience and specialises in ambient air quality monitoring, emission inventory development and reporting, 
atmospheric dispersion modelling, abatement of air emissions and risk and safety management. He has 
extensive experience in modelling emissions from a variety of onshore and offshore installations, covering 
point source releases (e.g., combustion plant emissions, flare emissions and process plant such as SRUs, 
FCCUs etc.), fugitive emissions from storage tanks and valves/flanges, and emissions from mobile, transport 
sources, including marine vessels, on-road and off-road vehicles, rail and air transport. 
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He has practical experience in the use of advanced, short-range, Gaussian plume models, such as ADMS, 
ADMS-Roads and AERMOD, long-range Lagrangian models such as CALPUFF and ADMS-STAR, and 
regional Eulerian models such as CMAQ. His modelling experience also includes assessment of dense gas 
releases, and consequence modelling of toxic and flammable releases (including pool fires, jet fires, 
BLEVEs, VCEs) using the GASTAR, Phast and BREEZE HAZ software suite. Continuous and finite release 
scenarios (e.g., short-term accidental release) have all previously been assessed. 

Adam has detailed knowledge in technologies and techniques to reduce concentrations of combustion and 
non-combustion related pollutants including, but not limited to, oxides of nitrogen, acid gases (e.g., SO2, HF, 
HCl), volatile organic compounds (VOCs), particulates, heavy metals and dioxins and furans, operation and 
management of ambient monitoring and stack emission monitoring surveys, dust and odour assessments. 

Adam is fully conversant with all pertinent legislation relating to atmospheric emissions from offshore and 
onshore installations and has undertaken reviews and identification of relevant legislation for many complex 
projects. 

Health impact assessment 
The Institute of Occupational Medicine (IOM) will carry out the specific Health Impact Assessments (HIAs) 
required for this work. IOM have worked with Amec Foster Wheeler on numerous health impact assessments 
bringing substantial expertise, credibility and knowledge of the impact pathway approach for assessment of 
avoided damage costs. Certain employees of the IOM are members of the UK’s Committee on the Medical 
Effects of Air Pollutants (COMEAP) and the Expert Panel on Air Quality Standards (EPAQS). The IOM will 
be appointed as a sub-contractor for the purposes of undertaking the HIA. 

5. Programme 
Please note that we have assumed that the work would need to be completed approximately three months 
after contract signature. Adherence to the timescales requires timely provision of the data listed in this 
proposal from each installation as well as a timely acceptance of the method proposed by the Bulgarian 
Competent Authority – with no material changes from the approach proposed. The method note mentioned 
above will be submitted three weeks from contract signature.  

6. Commercial and price offer for each lot 
The work as proposed is offered on a lump sum basis at £131,200 in total. This would entail a damage 
costs approach – for SO2, NOx and Hg and an impact pathway approach for SO2, NOX and Hg. A report 
would be developed for each plant.  

The cost breakdown for each lot (installation) is provided in Table 6.1 below. 

The prices quoted are exclusive of VAT but inclusive of expenses (e.g. procurement of meteorological data). 
It has assumed that the four plants, are in the same area and so the study team will be able to use the same 
population/background statistics and other research on the local environment.  

The price estimate is based on the scope of work requested and assumes four installations will commission 
the work, as discussed. This enables economies of scale as several tasks common to all four studies would 
only need to be undertaken once. We have divided the total cost for the base approach and for the optional 
approach by four, as the assumed price paid by each installation. If the number of installations proceeding 
with the work is less than four, or the scope of work otherwise changes, an amended price would need to be 
agreed.  
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Table 6.1  Cost breakdown 

Total Fee for scope of work Costs for each installation  
 
Lot 1: TPP Maritsa East 2 

 
 
Lot 2: 
ContourGlobal 
Maritsa East 3 

 
 
Lot 3: AES 
Bulgaria  

 
 
Lot 4: BRIKEL 

£131,200 £32,800 £32,800 £32,800 £32,800 

 Notes: DCA = damage cost assessment; IPA = impact-pathway assessment 
 

Amec Foster Wheeler would highlight at this stage that, even if clear cost disproportionality is demonstrated, 
that the ultimate decision in relation to any derogations is for the competent authority to make and Amec 
Foster Wheeler cannot, therefore, issue any guarantee in relation to the final outcomes of the use of our 
work.  

The costs have been developed on the basis of the tender documentation and include provision for an initial 
inception meeting and one further meeting to discuss the results of the assessment, both via teleconference. 
We would use technology such as Lync/Skype for these type of meetings as a cost efficiency measure. 
Provision for face to face meetings within Bulgaria or the UK has not been made at this stage. Should this be 
deemed useful, we would agree costs for time and expenses with the installations.   

We propose that for each installation, 10% of the total agreed fee for the work is invoiced at contract award. 
Following that we propose a monthly invoicing schedule. The schedule would be agreed with each 
installation.  

Should there be a change in scope as the project progresses, we have provided a set of hourly rates below 
applicable for any additional work to be undertaken beyond the defined scope in Section 1.3 and Section 2. 
An estimate of the time required to complete any work out with the initial scope will be provided to the 
installations for agreement prior to beginning any additional work: 

 Director/Technical Director = £125 p/h; 

 Associate Director = £110 p/h; 

 Principal Consultant = £85 p/h; 

 Senior Consultant = £75 p/h; 

 Consultant = £65 p/h; and  

 Assistant Consultant = £50 p/h.  

7. Requested contractual amendments   
The Contract has been reviewed by our legal department and is accepted, subject to our requested 
amendments as set our below: 

Clause 2.3.1 

Delete “and a certificate of takeover for the completed works”. 

Clause 5.1 

Please delete and mark “NOT USED”.  Given the nature of the services, we do not believe that delay 
damages should be applied. 

Clause 5.2 

Please delete and replace with the following wording: 



 15 © Amec Foster Wheeler Environment & Infrastructure UK Limited 
 

   

September 2017 
39969/C/P/K003c 

5.2 The Contractor’s liability in respect of i) personal injury (including death) caused by its negligence; 
and ii) wilful misconduct or gross negligence shall be unlimited.  

5.3         Subject to Clause 5.2, and to the fullest extent permitted by law, the Contractor’s liability in respect 
of the performance or non-performance of the Services, whether under this Contract, under any indemnity, in 
negligence or otherwise, shall be limited to loss or damage that is a direct and foreseeable result of the 
Contractor’s negligence or default and shall not exceed the Contract Price. 

5.4         Subject to Clause 5.2, the Contractor shall not be liable, whether in contract, tort and otherwise at 
law, irrespective of cause and notwithstanding the negligence or breach of duty (statutory or otherwise) of 
the Contractor, for (1) any indirect, special or consequential loss or damage or (2) loss of revenue (3) loss of 
profits (4) loss of business opportunity (5) loss of or damage to goodwill (6) loss of contracts (7) money 
payable to third parties on account of delay (8) loss of savings (whether anticipated or otherwise) (9) wasted 
expenditure. 

Clause 10 

Could you please clarify the meaning of this clause? 

8. Quality  
The services we provide are focused on meeting our Client’s requirements in terms of time, cost and quality. 
To meet the standards of service we place prime importance on the continuous development and delivery of 
the very best in quality practices to achieve the complete satisfaction of our Customers. To assist in meeting 
this aim Amec Foster Wheeler is registered to the international standard BS EN ISO 9001: 2008. At the 
completion of the project you will be sent a customer feedback form where you may evaluate our 
performance. 

The Project Manager (David Tyrer) will be responsible for ensuring the team members comply with the 
company guidelines. The Project Director (Keir McAndrew) will be responsible for monitoring the Project 
Manager’s performance and has ultimate responsibility for the quality of project output.  

9. Why Amec Foster Wheeler?  
We believe Amec Foster Wheeler are the ideal partner for the installations on this important study due to our 
extensive experience in this area. Table 8.1 provides a selected list of relevant experience. In summary: 

 We have more than two decades of experience related to industrial emissions legislation, 
supporting the European Commission through the development, implementation and revision of 
the legislation. We have also supported industry during the environmental permitting process. 
We can provide a variety of environmental and engineering services relating to the compliance 
with the IED and BAT conclusions; 

 We have proposed a team involving sector leading experts in the fields of air quality impact 
assessment, health impact assessment, cost-benefit analysis and industrial emissions policy;  

 We have specific and recent experience undertaking impact-pathway CBA studies for UK 
industry, including those for SO2, as part of Article 15(4) derogation cases and the development 
of pioneering methods for valuation. Our team are currently working with the European 
Commission evaluating the Europe wide approach to derogations under Article 15(4) of the IED; 
and 

 We have hosted seminars in conjunction with the Energy Institute on the potential implications 
of IED and the role of cost-benefit analysis to support derogation cases under Article 15(4). 
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Table 8.1  Example project experience 

Site/Project Year Details 

Confidential Client 2015 Impact pathway cost benefit analysis assessing the societal benefits of installing 
further abatement to reduce dust emissions from an FCC unit at a UK refinery. 

Confidential Client  2015 Damage cost and impact pathway cost benefit analysis of further reducing SO2 
emissions and related IED studies in order to prepare the basis for derogation 
from BAT Conclusions in the revised Mineral Oil and Gas Refining BREF.  

Confidential Client 2014-present Preparation of substantial permit variation for a new gas sweetening plant. 
Associated studies, amongst others, included BAT assessments, detailed 
dispersion modelling and advice in relation to the potential implications of IED 
and the revised BREF for the project. 

BG Group Offshore PPC 
Compliance Procedures 

2014 Development of BG Group’s procedures for ensuring compliance of their UKCS 
assets with the provisions of the Offshore Combustion Installations (Pollution 
Prevention and Control) Regulations 2013 which transpose IED in to UK 
legislation. Amongst others, the procedure established roles and responsibilities, 
how to apply for a new permit, variation or permit surrender, monitoring, reporting 
and review requirements and actions to be taken in the event of non-compliances 
being identified 
 

Knauf Insulation 2013-2014 Knauf Insulation operates three sites in England and Wales manufacturing glass 
and mineral fibre insulation products. Amec Foster Wheeler supported Knauf 
Insulation with the response to the Regulation 60 requests by the Environment 
Agency and Natural Resources Wales in order to update their current permits 
with the requirements of the IED. The support including a review of the BAT 
conclusions, an audit of current on-site operations and the preparation of the 
response to the Regulator under the Regulation 60 request. A separate report 
was produced for each site that provided a more detailed justification and 
interpretation of the audit findings. These reports considered how the BAT 
conclusion requirements should be reflected in the design and operation of 
replacement or new plant. Amec Foster Wheeler provided further support to 
Knauf with clarification questions received from the Regulators. The reports were 
subsequently accepted by the Regulator for each of the sites. 

European Commission 2013-2015 Assessment of the impacts on emissions delivered by BAT conclusions adopted 
under the directive on industrial emissions (IED).  The objective of the project 
was to utilise and improve the available knowledge concerning the potential for 
emission reduction due to the implementation of the BAT conclusions under the 
IED, as well as the associated environmental benefits. The project examined the 
historic emission trends of the IED industrial sectors based on EPER and E-
PRTR data and a model was developed that can estimate the potential emission 
reduction delivered by implementation of BAT conclusions. The model was 
tested on seven industrial sectors using E-PRTR data as input for the base year 
(2010) emissions. The project examined in detail the EPER and E-PRTR data 
and all the uncertainties that related to them. The IPPC and IED BREFs of the 
seven industrial sectors were examined in detail in order to extract all the 
information/data needed to run the model. The sectors analysed were: Cement 
and lime; glass; iron and steel; tanneries; chlor-alkali; refineries; and pulp and 
paper 

European Commission 2017 Application of IED Article 15(4) derogations.  The main objective of the project is 
to provide an overview of the application of Article 15(4) derogations under the 
IED, focussing in particular on the procedures and the approaches developed 
and followed by Member States in their decision-making processes under Article 
15(4) and to determine through the collection of case study materials how those 
approaches and procedures have worked in practice. 

European Commission 2011-2015 (as 
well as earlier 
2007-2011 
contract) 

Framework Contract to Review the Implementation of Industrial Emissions 
Legislation.  The aim of this framework was to provide the Commission with 
support to review the implementation of industrial emissions legislation (IPPCD, 
LCPD, SED, WID & others) across Europe. Additional support was provided for 
the development of tools or guidance to support MSs in their implementation and 
help the Commission develop new legislation and prepare impact assessments. 
Studies to date include, for example review of the implementation of the IED, 
WID, IPPCD, SED, Seveso, Paints and Solvents Directives, evaluation of the 
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