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1. INTRODUCTION / GENERAL REMARKS 
 


1.1.  EcoSenseWeb 
The EcoSenseWeb User’s Manual provides a guidance how to use EcoSenseWeb and some 
basic information. The User’s Manual does not provide the full information on 
methodological aspects. For a full discussion of the methodological framework the reader 
should refer for instance to the following ExternE and NEEDS resources. 
 


o European Commission, DG XII, Science, Research and Development, JOULE. 
ExternE - Externalities of Energy, Volume 2:  Methodology, EUR 16521, 1995. 


 
o European Commission, DG XII, Science, Research and Development, JOULE. 


ExternE - Externalities of Energy, Volume 7: Methodology 1998 update, EUR 19083, 
1999. 


 
o European Commission, DGResearch, New Elements for the Assessment of External 


Costs from Energy Technologies (NewExt). 5th Framework Programme, Final Report, 
Contract ENG1-CT2000-00129, Brussels, 2003. 


 
o European Commission (2005). ExternE - Externalities of Energy – Methodology 2005 


Update. EUR 21951 EN. Office for Official Publications of the European 
Communities, Luxembourg. ISBN 92-79-00423-9. 


 
 
Several reports produced within the ExternE projects, including the once listed above, are 
available at the ExternE homepage: http://www.ExternE.info/ , but also at the EcoSenseWeb 
page http://webeco.ier.uni-stuttgart.de. 


 
The new findings of NEEDS are well documented in the corresponding deliverables. Within 
this text at hand “Description of Updated and Extended Draft Tools” the methods are 
summarised but references are given to all the corresponding reports, which are available at 
the EcoSenseWeb tool homepage. Here are also the updates of the description of the method 
available. The corresponding deliverables and technical papers produced within NEEDS 
which are relevant within the text at hand are given by the abbreviation of the responsible 
institution (e.g. IER) and the index of the deliverable, or the technical paper, respectively. 
The documentations available at EcoSenseWeb tool homepage are listed in Table 1. 
 


Table 1: List of background reports, NEEDS technical papers and deliverables available 
at EcoSenseWeb tool homepage 
 
Short reference name Status:  


Final or not-final 
AA_UserManual_EcoSenseWeb Final 
ARMINES D7.2 Final 
AUTH TP1.3 (forthcoming) not-final 
ECONCEPT D4.2  Final 
EcoSenseV4_0 (user manual) Final 
ExternE, 1995, Vol. 2  Final 
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ExternE, 1995, Vol. 5  Final 
ExternE, 1999, Vol. 7  Final 
ExternE, Methodology 2005 Update  Final 
METNO TP1.1  Final 
METNO TP1.2 not-final 
NewExt_Final  Final 
UniHH TP5_4TP5_5 not-final 
Vito D3.7 Not-Final 
Spadaro and Rabl, 2006 Final 
Spadaro and Rabl, 2007 Final 
UParis D6.7 Final 
 
 
Some methodological issues, e.g. regarding nuclear fuel cycle have been updated, but were 
not specified in a certain deliverable. Therefore, they are treated in more detail within this 
description. 
 
EcoSenseWeb is an integrated computer system developed for the assessment of 
environmental impacts and resulting external costs from electricity generation systems and 
other industrial activities. Based on the Impact Pathway Approach (IAP) developed in the 
ExternE-Project on External Costs of Energy funded by the European Commission, 
EcoSenseWeb provides relevant data and models required for an integrated impact assessment 
related to pollutants. 
Modules for assessment of emissions to air, soil and water are also included. Comprising so 
called classical airborne pollutants, heavy metals, greenhouse gases and radio nuclides. 
Different impact categories are considered including human health, crops yield loss, damage 
to building materials, loss of biodiversity and climate change. 
One of the major objectives of the EcoSenseWeb development was to produce a user friendly 
system that is capable of performing a highly standardised impact assessment procedure with 
a minimum of data required as input from the user. Only the technical data of the facility to be 
analysed has to be added by the user. All other data are provided by the system, thus the user 
loses no time by the tedious compilation of data. However, it is obvious that the approach of 
providing all important data and models to the user limits the flexibility of the system. 
Although the various modules of the system have a potential for high flexibility, the current 
EcoSenseWeb version is limited to a set of standard applications that can very easily be 
carried out. A basic decision during the design phase of the system with respect to an easy 
handling of the system was the selection of a single co-ordinate system. The European wide 
grid used by the “Co-operative Programme for Monitoring and Evaluation of the Long-Range 
Transmission of Air pollutants in Europe” (EMEP) with the spatial resolution of 50 x 50 km2 
(EMEP50 grid) was applied. The EcoSenseWeb system provides an interface supporting the 
transfer of geographical data according to the EUROSTAT “Nomenclature of Territorial 
Units for Statistics” (NUTS) to the EMEP50 grid system. 
The EcoSenseWeb and the calculation of external costs follow as far as possible the so called 
Impact-Pathway-Approach (IPA). The IPA, a bottom-up approach, is depicted in Figure 1.  
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Figure 1: Impact-Pathway-Approach 
 


1.2.  Structure of the EcoSenseWeb system 
Figure 2 shows the general structure of the EcoSenseWeb system.  
Via the “User interface”, facilities and case studies are defined. The user can modify the 
emissions and the technical parameters of the facilities, and the assessment framework.  
In this manual any kind of source of emissions is called a “facility”. This can be a coal fired 
power plant or any other process which causes emissions, like manufacturing of a component, 
etc. Although, the input is given in terms of kWh the user can ignore this unit and calculate 
yearly external costs. 
This corresponds to the first steps of the IPA depicted above.  
Moreover the “assessment framework” includes all assumptions and models underlying the 
consecutive steps of the IPA. 
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Figure 2: General structure of the EcoSenseWeb system 
  


1.3.  Software used 
The following software has been used for the implementation of the EcoSenseWeb system: 


o Microsoft Visual C++ 1.52 for Windows 
o Microsoft Visual C++ 6.0 for Windows 
o Borland Paradox 
o Borland Paradox Engine 
o Perl 
o PHP 
o MySQL 
o VisualBasic VBA 
o Access 
o JavaScipt 


 
 
The use of a high level programming language in combination with a relational database 
system seems to be an appropriate technical solution for processing and managing large 
amounts of data required for impact assessment.  
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1.4.  Air quality models used 
EcoSenseWeb uses results of three air transport models completely integrated into the system: 
 


o The Industrial Source Complex Model (ISC) is a Gaussian plume model developed by 
the US-EPA. The ISC is used for transport modelling of primary air pollutants (SO2, 
NOx, particulates) on a local scale (100 km x 100 km around the power plant site, with 
a resolution of 10 x 10 km2 grid). EcoSenseWeb  provides a short-term version of the 
model which uses hourly site specific meteorological data. 


o Source receptor (SR)-matrices for regional modelling based on EMEP/MSC-West 
Eulerian dispersion model 


o SR-matrices for intercontinental transport modelling in the Northern Hemisphere 
o SR-matrices for modelling of North-African countries based on same model as used 


for SR-matrices for the Northern Hemisphere. Therefore, the results are based on 2001 
meteorological year and emission scenario for 2000. Currently, there is no distinction 
into different heights of release possible. 


 


1.5.  The Reference Environment Database 
 
The reference environment database provides receptor specific data on administrative units.  
For the calculations receptor data on administrative units are internally distributed to the 
EMEP50 and the EMEP 10 x 10 km2 grid, respectively. Data on the fine grid are used for the 
local scale impact assessment close to the facility site, while data on the large grid are used 
for the regional (i.e. European wide) and North Hemispheric impact assessment. 
 
Receptor data are available for population, production of various crop types, total agricultural 
area and building material and land use data (for loss of biodiversity assessment). 


Table 2: Reference environment data included in the EcoSenseWeb database 


 Resolution Source 
Receptor distribution   
Population Admin. Units &


EMEP  
50×50 km2 and 
10×10 km2  


Admin. Units (NUTS) : 
EUROSTAT REGIO,  
Data: SEDAC 2006, NEEDS, 
RS1d, WP3, EcoSense4.1 


Production of wheat, barley, sugar 
beet, potato, oats, rye, rice, tobacco, 
sunflower 


Admin. Units & 
EMEP  
50×50 km2 and 
10×10 km2  


Admin. Units (NUTS): 
EUROSTAT REGIO, 
Data: NEEDS, RS1d, WP3, 
EcoSense4.1 


Inventory of natural stone, sandstone, 
zinc, galvanised steel, mortar, 
rendering, paint 


Admin. Units 
&, 
EMEP  
50×50 km2  


Extrapolation based on inventories 
of some European cities, NEEDS 
RS1d, WP3 


EcoSystem – 
land use data 


1 x 1 km2 CORINAIR 


Local and regional model   
Meteorological data MET.NO TP1.2 MET.NO TP1.2 
background emission data for 
EMEP/MSC-West Eulerian dispersion 


MET.NO TP1.2 MET.NO TP1.2 
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model 
Input for ISC ST local model 
PARLAM met data and land use data  


AUTH TP1.3 AUTH. TP1.3 


Hemispheric Model   
Meteorological data n/a MET.NO TP1.1 
Emissions for N-Hhemispheric Model 
(SO2, NOx, NH3, NMVOC, and 
primary particles) in 2000 


0.5 °  grid MET.NO TP1.1 


   
 


1.6.  The concept of local and regional range analysis 
Various modules of the EcoSenseWeb system refer to a so called “local” and “regional” range 
analysis. The concept of local and regional range analysis results from the need of performing 
a European-wide (regional) analysis based on an operational amount of data, but to take into 
account at the same time the spatial distribution of concentration and receptors at a high 
resolution within the highly affected area close to the source of emissions. Models and data 
are provided in a way, that the standard impact assessment includes a local range analysis 
based on a 10 x 10 km2 EMEP grid, covering an area of 10 x 10 grid cells (i.e. 10,000 km2), 
with the source, e.g. a power plant located in the centre of the local region.  
 


1.7.  Local range analysis 
The Industrial Source Complex Model (ISC) is a Gaussian plume model developed by the 
US-EPA. The ISC is used for transport modelling of primary air pollutants (SO2, NOx, 
particulates) on a local scale (100 km x 100 km around the power plant site). EcoSenseWeb 
provides a short-term version of the model which uses hourly site specific meteorological 
data. These data are generated within the EcoSenseWeb. The user has only to provide 
longitude and latitude coordinates (in decimal degree). 
 
The tool used to derive local meteorological (met) data was developed within NEEDS, RS1b, 
WP1. The method is described in the corresponding technical paper AUTH TP1.3. 
 
Note 
The EcoSenseWeb provides meteorological data derived from 50 km x 50 km average met 
data.  
The Gaussian Plume model may not be sophisticated enough for very complex terrain. 
Therefore, the “complexity tool” is used to provide a judgement regarding the complexity of 
the terrain (the “complexity tool” is also described in (AUTH TP1.3)).  
The ISC ST model will produce results for any location but if the terrain is characterised as 
“complex” the results are less reliable. The user may use an external dispersion model, 
however, for high stacks like a coal fired power station the local share of impacts is less than 
3-5 %. 
 
 


1.8.  The concept of regional range analysis 
 
The regional range analysis is based on the large EMEP-gridcells (2500 km2) and covers the 
whole of Europe. 
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Regional impact assessment is done with regional SR-receptor matrices, i.e. parameterised 
results of model runs with the EMEP/MSC-West Eulerian dispersion model. These complex 
model runs are based on certain emission scenarios and meteorological conditions, and a 
reduction of a pollutant by 15% for each source of emission within a corresponding sub-
region. Europe is divided into 66 regions, i.e. some larger countries are subdivided into 
regions. 
 
Countries and sea areas covered: 
 
EU 25: 
 
AT Austria IE Ireland 
BE Belgium IT Italy 
CY Cyprus LT Lithuania 
CZ Czech Republic LU Luxembourg 
DE Germany LV Latvia 
DK Denmark MT Malta 
EE Estonia NL Netherlands 
ES Spain PL Poland 
FI Finland PT Portugal 
FR France SE Sweden 


GB 
United 
Kingdom SI Slovenia 


GR Greece SK Slovakia 
HU Hungary     
 
 
NON-EU (14):  
AL Albania 


BA 
Bosnia and 
Hercegovina 


BG Bulgaria 
BY Belarus 
CH Switzerland 


CS Serbia and Montenegro 
HR Croatia 
MD Republic of Moldova 
MK The FYR of Macedonia 
NO Norway 
RO Romania 
RU Russian Federation 
TR Turkey 
UA Ukraine 
 
 
SEA (5):  
 
ATL Remaining N.E. Atlantic 


BAS Baltic Sea 
BLS Black Sea 
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MED Mediterranean Sea 
NOS North Sea 
 
Some of the larger countries are subdivided into sub-regions. 
 
Subregions: 
DE: 4 areas: DE1 DE2 DE3 DE4 
FR:  7 areas: FR1 FR2 FR3 FR4 FR5 FR6 FR7 
UK/GB:  3 areas: GB1 GB2 GB3 
ES:  5 areas: ES1 ES2 ES3 ES4 ES5 
IT:  2 areas: IT1 IT2 
PL:  3 areas: PL1 PL2 PL3 
NO:  2 areas: NO1 NO2 
SE:  2 areas: SE1 SE2 
FI:  2 areas: FI1 FI2 
UA:  2 areas: UA1 UA2 
 
However, the user still has only to provide the latitude and longitude and the country / sea 
region of the corresponding facility. 
 
For a 15% reduction of an airborne pollutant (e.g. NOx) within a country / sub-region of 
Europe (e.g. Belgium = BE) based on meteorological conditions (e.g. in the year 2000) and 
background emissions of the year 2010 or 2020 a model run was performed by MET.NO. The 
result is a matrix covering the resulting concentration in each of the 50 x 50 km2 grid cell of 
the EMEP grid. This matrix contains the results in terms of concentrations of a primary (NOx) 
or secondary (nitrates and ozone, increased sulphates, etc.) air pollutants on the 50 km x 50 
km EMEP grid. The chemical reactions and interactions are quite complex. For example, a 
reduction of NOx emissions leaves more background NH3 for reaction with background SO2, 
etc. and therefore, increases the concentration of sulphates. 
Table 3 shows some of the results provided with the regional and hemispheric model.  
 
Based on meteorological years 1996, 1997, 1998 and 2000 average results have been derived 
representing typical conditions of the present. The year 2003 was an exceptional warm year in 
Europe. Therefore, the results are derived based on meteorological year 2003 are used to 
estimate future conditions, reflecting the influence of global warming. 
 


1.9.  The concept of hemispheric range analysis 
With introduction of the North Hemispheric range analysis within NEEDS the range of 
analysis has been expanded. The concept of hemispheric range analysis results from the need 
of performing an estimation of the intercontinental influence on concentrations of primary and 
secondary airborne pollutants. Analysis is based on corresponding EMEP/MSC-West 
Eulerian dispersion model runs which produced source-receptor relationships at the 
hemispheric scales for 4 regions of the Northern Hemisphere. 
The emissions data are based on Edgar (2000) data and within the EMEP area EMEP 
emissions are used. Meteorological input data correspond to the year 2001. 
The methodology is described in more detail in the Technical Paper (MET.NO TP1.1).  
The Northern Hemisphere has been divided into four areas: 
Far East (FE), Middle East (ME), North America (NA), Europe (EU). 
Temporarily, a fifth region (WEU) has been included, where Russia has been excluded from 
Europe. 
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The effect of reductions of six different pollutants (NOx, SOx, NMVOC, NH3, PM2.5 and 
PMco) has been computed.  
Each scenario reduces one pollutant from one area by 15%. 
The primary and secondary airborne pollutants for which concentrations are modelled are 
listed in Table 3.  
  


Table 3: Primary and secondary airborne pollutants  


Shortcut Comment Unit 
aNH4   ammonium particles (ammonium nitrate and sulfate) µgN/m3 
aNO3   nitrate part. with diameter below 2.5µm µgN/m3 
AOT40c   indicator for ozone ppb h 
AOT40f   indicator for ozone ppb h 
DDEP_OXN  total dry deposition of oxidized nitrogen mg/m2 
DDEP_RDN   total dry deposition of reduced nitrogen mg/m2 
DDEP_SOX   total dry deposition of sulphur mg/m2 
HNO3   nitric acid µgN/m3 
MAXO3   average daily max ozone ppb 
NH3   ammonia µgN/m3 
NO2   nitric oxide µgN/m3 
NOx   NOx = NO2 + NO µgN/m3 
O3   Yearly mean indicator for ozone ppb 
PM10   particles with diameter below 10 µm µg/m3 
PM25   particles with diameter below 2.5 µm µg/m3 
PM25_H2O   additional water in part. with diameter below 2.5 µm µg/m3 
PMco  
[co = coarse] particles with diameter above 2.5 and below 10 µm µg/m3 
pNO3   nitrate part. with diameter above 2.5 a. below 10 µm µgN/m3 
SIA   secondary inorganic aerosols µg/m3 
SO4   sulphate, includes also ammonium sulphate µgS/m3 
SOMO35   sum Over Means Over 35 ppb ppb day 
tNO3   tNO3 is total coarse and fine nitrate aerosols µgN/m3 
WDEP_OXN  wet deposition of oxidized nitrogen mg/m2 
WDEP_RDN  wet deposition of reduced nitrogen mg/m2 
WDEP_SOx   wet deposition of sulphur mg/m2 
PPM25 primary particles with diameter below 2.5 µm µg/m3 
PPMco primary part. with diameter between 2.5 and 10 µm µg/m3 
 
SR-matrices are provided in a way, that the standard impact assessment is based on a 100 x 
100 km2 grid which is derived from the EMEP 50 x 50 km2 grid.  
 
Further explanation can be found in the (EMEP Status Report 1/06) at page 2 and 3. 
 
Note 
The regional range area overlaps the local range area so that local and regional impacts should 
not be added up to calculate the total impact. A routine has been implemented to calculate the 
total impacts, avoiding a double counting and taking into account the more detailed results 
derived on the local range. 
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Impacts related to secondary pollutants (e.g. sulfate or nitrate aerosols, acid deposition, 
ozone) are only analysed on the regional and hemispheric scale. The local scale Gaussian 
plume model does not include chemical reaction mechanisms. The local model covers 
primary pollutants only. 
 
The hemispheric range area overlaps the regional range area. A routine has been implemented 
to calculate the total impacts, avoiding a double counting and taking into account the more 
detailed results derived on the regional range. 
The results can also be displayed separately according to the preferences of the user. The 
reliability and level of accuracy of the models are different. 
The results from the implemented local model for example are more reliable for flat (non-
complex) terrain as complex terrain. Therefore, in addition the information is provided 
whether the terrain around the source of emission is located is complex or non-complex 
terrain. 
 


1.10.  The concept of modelling for North African countries 
For each of the following 5 North African Countries  
Algeria, Morocco, Tunisia, Egypt and Libya model runs with the corresponding EMEP/MSC-
West Eulerian dispersion model have been performed. These produced source-receptor 
relationships at the hemispheric scales for 4 regions of the Northern Hemisphere. 
The results of the model runs have been used to estimate the concentration increments, and 
further, the accumulated exposure within the source countries, Europe and the North 
Hemisphere. 
Currently, there is no distinction into different height of release possible. Moreover, although, 
the case study definition allows to choose different regional modelling options the results are 
based only on meteorological year 2001 and emission scenario for 2000. 
 


1.11.  The concept impact assessment of radio nuclide releases 
The approach of (ExternE, 1995, Vol. 5) has been used. However, as far as possible, data has 
been updated. 
 
Dispersion modelling of releases of radio nuclides is not implemented in EcoSenseWeb. 
However, dispersion and consequential exposure modelling for a variety of radio nuclides and 
for representative locations have been made in different studies. From literature 
corresponding results are obtained for NEEDS. The evaluation of release due to normal 
operation is based on such results. 
The applied approach is depicted in Figure 3 and further explained in Chapter 3.5.  
 


 
Figure 3: Scheme of assessment of impact due to release of radio nuclides 
The release of radio nuclides and the corresponding radioactivity into the environment causes 
impacts to human health. 
 


Emission [Bq] Dose [manSv] Impact[cases or risk]  


Fate / Exposure factor: 
 Emission [Bq]  Dose 


Impact factor: 
Dose [manSv]  Impact 


Valuation Factor: 
Impact  External Costs 


ExtCost [€] 
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The impacts considered are: 
o Fatal cancers, 
o Non-fatal cancers and 
o Hereditary defects. 


 
The factors relating emissions of different radio nuclides expressed as radioactivity [Bq] to 
collective dose, i.e. population dose  [manSv] are derived from (UNSCEAR 1993) and 
(UNSCEAR 2000). 
 
The factors relating collective dose to impact are so called risk factors. The primary source for 
these risk factors is (ICRP 1991). The factors above are listed in (ExternE, 1999, Vol. 7), 
section 10.3.3. These factors assume a linear dose response function. 
 


1.12.  Geographical extension of EcoSenseWeb 
The spatial coverage of EcoSenseWeb has been expanded due to several new 
implementations. For example, data from NEEDS, RS1d “Geographical Extension of the 
ExternE Methodology” has been used, but also the coverage of the local model has been 
expanded.  
The extension of the methodology has taken place at several different steps of the Impact 
Pathway Approach. 
- The extension regarding dispersion modelling: 
Receptor data has been updated, but also the SR-matrices of the regional model and 
hemispheric model cover additional countries in Eastern Europe and North Africa. Moreover, 
the North Hemispheric model is a new approach enabling to assess impacts at 4 different 
North Hemispheric regions. 
The local modelling is now easily applicable in all European countries because local 
meteorology is generated within the model. 
Regarding the impact assessment (concentration response functions (CRF) and risk groups) 
and the monetary evaluation of endpoints the transferability has been investigated in the 
NEEDS RS1d – “Geographical Extension of the ExternE Methodology”. Findings will be 
applied, but are not implemented in EcoSenseWeb_V1.01. However, adjustment of the results 
to different evaluation frameworks is easy. Due to linearity of external costs with regard to 
CRF and monetary values the results for each endpoint can be adjusted individually.  
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2. THE ECOSENSEWEB MAIN SCREEN 
 
The following sections give a description of how to use the EcoSenseWeb system, following 
the logical way of doing a complete impact assessment procedure. 
 
The link to “EcoSenseWeb” is: http://webeco.ier.uni-stuttgart.de  
 
Figure 4 displays the start screen where a registered user can login.  
 
 


 
Figure 4: EcoSenseWeb start screen 
 
In order to register the fields displayed in Figure 5 have to be completed. 


 
Figure 5: Registration fields 
 
After the registration is completed the user can push Enter to continue. An account is created. 
However, first the request of registration will be forwarded to IER. IER will check and will 
activate the account. The user will be notified by email. After that the user can login as the 
registered user. 
 
After login to the EcoSenseWeb system, the EcoSenseWeb main screen appears. The screen 
is shown in Figure 6. Any activity is started from here. The screen shows: 


o Information regarding the user and news (download of user manual and background 
information). Moreover there will be a list of recent development, i.e. changes, 
updates, extensions of the tool, etc.) 


o Available Facilities and Case Studies 
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A Case Study consist of two main categories: 
a) Facility (specifying all technical parameters) and 
b) Assessment methodology (with definition of different modules). 
 


 
Figure 6: EcoSenseWeb main screen 
  
To set up a New Facility click “New” on the left side in the “Facility” field. 
To set up a New Case Study click “New Case Study” on the right side. 
 
In the following, first the left side “Facility” is explained, and after that the right side “Case 
Study” will be explained. 
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3. FACILITY DEFINITION 
 
A “Facility” is defined due to parameters (e.g. technical parameters like fuel, stack 
parameters, emissions, but also occupied land area, etc.). 
A facility can be any process, or life cycle stage of a technology.  
EcoSense was typically used for assessing the emissions due to operation of a single source 
like a coal fired power station. However, the tool can also be used to evaluate the pressure on 
the environment (e.g., emissions and land occupation) caused by other sources. 
 
Note: 
As a decimal sign only dot and not comma has to be used for all input data. 
 
The different parameters characterizing the facility are summarized in categories.  
The start screen for defining a new facility is shown in Figure 7. 
These categories are: 


o Technical Parameters 
o Emissions Air Pollutants 
o Land Use Change  
o Emissions GHG 
o Emissions Radio Nuclides 


 


 
Figure 7: Start screen for facility definition 
 


3.1.  Technical Parameters 
o Description 


Name: Enter a short name of Facility 
Description: Enter a conclusive explanation if you want 
Site: e.g. name of a city 
 


o Output 
Electricity 
Electricity production per year: Based on this value the external costs per kWh will be 
calculated. Therefore, the amount of electricity which will be delivered to the network should  
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be used as input.  
Note:  
EcoSenseWeb is designed to calculate easily external costs per electricity generated or per 
year. However, the external costs are caused by the average emissions per Nm3 flue gas time 
the average Nm3 flue gas per hour times the full load hours per year. Therefore, in principle, 
any process can be assessed. For example, also the emissions caused by a combined heat and 
power generation plant (CHP) can be used as input but still a value has to put in the field 
“Electricity production”. 
The user can allocate the external costs (per year) to the produced heat and electricity. 
Different approaches are possible. 
 
Installed Capacity 
Net Capacity: Electricity sent out into the net 
Full load hours per year: average full load ours at Capacity in the net, i.e.  
Sent out [MW] * Full load hours per year [h] = yearly MWh generation. These values will be 
used to express the external costs as Euro per kWh. 
 
Flue Gas 
The values regarding flue gas volume and temperature are important input for the local 
dispersion model. 
 
Fuel gas volume [Nm3/h] means fuel gas volume at “norm conditions”, i.e. 273.15 K and 
1013 hPa. Moreover, the values are based on certain oxygen content (6% O2) and “dry” or 
“wet” gas. Disregard of the actual values it is important that the values are consistent, i.e. the 
amount of Nm3 and the concentration of the pollutants per Nm3 have to be based on the same 
conditions. For the internal calculation within the program the mass per year emitted is the 
relevant important number. 
 
Temperature means flue gas temperature in [K. 
 


o Location and Building properties 
Location 
Country: xx 
Latitude: xx.xx  
Longitude: xx.xx 
There is a feedback whether the coordinates really exists in the indicated country. The 
information is necessary for local and for regional modelling (in decimal degree, e.g. (Lat: 
50.83 and Long: 4.35 would be Brussels in Belgium). Regarding local modelling the local 
population will be assessed and meteorology for the specific site will be generated taking also 
the topology into account. With regard to the regional modelling, the corresponding SR-
matrix is applied. 
 
Building properties 
Stack height and Stack diameter 
These values are also important input for the local dispersion model because e they influence, 
together with the flue gas volume and flue gas temperature the velocity and the effective 
release height. 
 
Since the facility to be investigated may not be a conventional fossil fuelled power station the 
information regarding flue gas and building properties may not be directly available.  
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In those cases approximations have to be made by the user, because these parameters have an 
influence on the local dispersion modelling. Regarding regional model only the release height 
has also an influence. The emissions (see next chapter) have to be expressed as concentration 
of the flue gas volume (e.g. mg/Nm3). 
 


3.2.  Emissions air pollutants 
The module regarding emissions of air pollutants is depicted in Figure 8. 


 
Figure 8: Module regarding emissions of air pollutants 


The composition of the flue gas has to be defined. This has to be expressed as [mg per Nm3] 
or [µg per Nm3].  
The values have to reflect the average yearly emission of the different pollutants divided by 
the yearly flue gas volume (i.e., average [full load hours] x average [flue gas volume per 
hour]).  
 
The listed pollutants will be assessed differently. For the so called “major parts” there will site 
depended results available (i.e. results based on dispersion modelling), for others, i.e. the so 
called “minor parts” and the radio nuclides there will be generic values (European or global 
scale) be available. The names “major parts” and “minor parts” reflect the fact that the first 
are emitted in the scale of thousands of tonnes per year, whereas the others are emitted in 
much smaller amount. 
 
Major parts, (also called “classical air pollutants”) 
Local modelling is available only for primary particles.  
For the other substances regional and North Hemispheric results are available.  
For primary particles SR-Matrices are only available for: 
PMco (i.e. primary particles coarse with a size of >2.5 µm and <10µm) and 
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PM2.5 (i.e. primary particles with a size of < 2.5 µm). Since the concentration response 
functions for human health impacts are to be applied to PM10 and PM2.5 concentration the  
results will be available for PM10 and PM2.5. 
Therefore, the user has to specify PM10 and PM2.5 emissions. 
If only PM10 is indicated these will be treated as if there is no share of PM2.5, i.e. as if only 
PMco is emitted. 
In ambient conditions the PM10 consists approx. to 60% of PM2.5. However, depending on the 
source of emission the share of PM2.5 in emissions of PM10 may be small (e.g., coal 
embarkation) or very high (e.g., traffic exhaust gases). For a coal fired power station with flue 
gas cleaning the share is approximately 70 to 95%. 
 
Impacts to Human Health, Crops, Building Materials and Ecosystems can be assessed on the 
regional scale. 
On the North Hemispheric and local Scale only impacts on Human Health can be considered 
at the moment. 
 
Minor parts 
For these kinds of substances a dispersion modelling is not included in EcoSenseWebV1.01. 
Hence, generic monetary values per unit of release are used for the estimation of external 
costs. The results are taken from different sources. The models behind are further explained in 
the listed references. 


Table 4: Generic monetary values per unit of release for certain substances, used for the 
estimation of external costs. 


Pollutant Reference Impacts Pathway Monetary value – 
[Euro / Ton] 


Cd NewExt_Final - Cancer -any compartment 39,000 
As NewExt_Final - Cancer -any compartment 80,000 
Ni NewExt_Final - Cancer -any compartment 4,000 
Pb Spadaro and Rabl (2006) - IQ loss -any compartment 600,000 
Hg Spadaro and Rabl (2007) - IQ loss -any compartment 8,000,000 


Cr 
NewExt_Final - Cancer -any compartment 29,000 – 34,000, 


average: 31,500 


Cr-VI ExternE-Pol WP6 - Cancer -any compartment 240,000 
Formalde
hyde 


NewExt_Final - Cancer -any compartment 200 


 
Notes: 
 
Mercury (Hg) 
“Since much of the emission is in the form of metallic Hg whose atmospheric residence time 
is long enough to cause nearly uniform mixing in the hemisphere, much of the impact is 
global. The dominant impacts, especially at low dose, are neurotoxic, due to ingestion of 
methyl-Hg from fish and seafood by pregnant women and infants.” Taken from “Global 
Health Impacts and Costs due to Mercury Emissions” (Spadaro and Rabl, 2007) 
 
“Any compartment means” the same damage is assumed for air emissions and emissions 
directly to water or soil compartments. This is an approximation.  
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Lead (Pb) 
There are a variety of impacts on the nervous system, such as cognitive impairment in adults, 
hearing impairment in children, cognitive impairment in children, reduced IQ of children, 
effects on nerve conduction, amyotrophic lateral sclerosis (a degenerative motor neuron 
disease), and brain damage. There is considerable overlap between these endpoints and for 
most of them there are no monetary values. However, loss of IQ is includes all of these and it 
can be measured, even for young children; furthermore the monetary valuation for this end 
point is relatively firm, see the review by the GreenSense [2004] project. For these reasons we 
take reduced IQ of children as proxy for all neurotoxicity of Pb.  
Other end points include anaemia, hypertension, renal dysfunction, spontaneous abortion, and 
possible effects on male fertility, but the ERFs are not sufficiently well established at low 
doses.  


3.3.  Land use Change 
Land, i.e. surface area is categorised into certain land use types. 
For example, while building a new power plant the land use type may be changed from one 
land use category to another. Due to a land use change e.g., from a natural forest area to an 
industrial area, potentially, the biodiversity is changing. This change of biodiversity is 
estimated with the aid of the PDF concept. (delta PDF = potentially disappeared fraction of 
certain organisms). For a certain land use type a certain number of species is derived. If the 
land use type changes from one type with a higher number of different species to a type with a 
lower number of different species the number of species is reduced and therefore the 
biodiversity is also reduced. The monetary evaluation of biodiversity is based on restoration 
costs to improve a land use type from one with a lower number of different species to one 
with a higher number of species, i.e. to increase the biodiversity.The applied approach to 
estimate and evaluate the loss of biodiversity due to land use change is described in detail in 
(ECONCEPT D4.2).  
In order to have an operational and simple approach for evaluation of each land use change 
from one category to another, monetary values per m2 for different land use changes were 
derived. These are implemented in the EcoSenseWeb. 
In Figure 9 the interface for the input of area of land used and changed from one type to 
another is shown. The user can choose from the list of different start (from) and end (to) land 
use types and has to specify the amount of area in units of [km2].   
 


 
Figure 9: Interface for the input of area of land used 
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The user has only to specify the land use types (before and after) and the corresponding area 
[km2]. The monetary values per km2 are different for different countries because they are 
adjusted to purchasing power. The “average land use type” values take the actual share of 
different land use types per country into account. 
For example, the monetary value per m2 land use change (corresponding to restoration costs) 
from  
“Mixed Forest” to “build up land” in Czech Republic is: 1.47 Euro per m2 (ECONCEPT 
D4.2), page 76. 
This approach is designed to be applicable on a European scale. Therefore, it may not reflect 
very specific local conditions, e.g. the appearance of certain species which are unique only at 
one location. However, first approximations can be made and with the inclusion of this impact 
category its importance of biodiversity and the willingness to pay to avoid their loss is 
demonstrated.  
Full information on the methodology: (ECONCEPT D4.2) 


3.4.  Evaluation of release of Greenhouse Gases / Global warming 
 
In Figure 10 the interface of the module for the evaluation of the release of Greenhouse Gases 
(GHG) is shown. 
The Greenhouse Gases CO2, CH4 and N2O can be evaluated. The data has to be put in as tons 
per year [t / a].  


 
Figure 10: Emission of Greenhouse Gases 
The approach used for estimation of external costs per ton of each released Greenhouse Gas 
takes into account the year of release. There are different values per decade available. The 
values are taken from NEEDS, deliverable of Rs1b, WP5 (UniHH TP5.4/5.5). The derived 
damage, and therefore the cost depend on the year of release. This is the reason for the special 
input data demand for this module, i.e. “Year of construction”, “lifetime” and emissions 
during different life cycle stage: “Operation”, “Upstream” and “Downstream”. 
The damage and avoidance cost values used in EcoSenseWeb are provided by (UniHH 
TP5.4/5.5). The FUND 2.9 model was used. Documentation of the FUND model can be found 
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at https://www.fnu.zmaw.de/FUND.5679.0.html. (This section will be updated after 
September 07). 
 
In order to use the information and the results of external costs for different years of release, it 
is necessary to define the year of construction and the lifetime of the facility. 
For the operation of a fossil fuelled power plant the release due to operation (including fuel 
supply) are dominant. It is assumed constant for each year of the lifetime.  
Regarding up- and downstream processes the year of construction will be used to allocate 
upstream emissions (excluding fuel supply).  
 
This is important especially for processes involved in energy supply by renewable 
technologies like wind energy converters (WEC) and photovoltaic (PV) because mayor parts 
of emissions take place in the year of construction. 
Regarding downstream processes, the year of construction plus the years of the lifetime will 
be used to allocate downstream emissions to a certain year. For most technologies this share 
of emissions is small, but the external costs per ton of GHG are significantly higher in the 
future.  
 
The use of this model depends on the purpose, i.e. the corresponding question to be answered. 
If the user is interested in external costs in a certain year he can specify the “Year of 
construction” but chooses a lifetime of only one year. According to the emissions in the life 
cycle stage “operation” the results regarding external costs of releases of Greenhouse gases, 
expressed as external costs per kWh will correspond only to the specified year. 
However, if the user wants to compare the average external costs per kWh, e.g. from a coal 
fired power plant, it is recommended to specify “Year of Construction” and “Lifetime”. The 
program calculates average “Euro per ton” (net present value [Euro2000], (discounted by the 
corresponding discount rate) based on the Tables in (UniHH TP5.4/5.5). Moreover, the 
external costs of up- and downstream processes will be attributed per kWh. 
The main difference between release of Greenhouse gases and classical pollutants is that for 
classical pollutants (NOx, SO2, PM2.5, etc) it is implicitly assumed that the damage cost by a 
release in the future is the same as today. With regard to Greenhouse gases this is not the case. 
It is assumed that a tone of CO2 released in the future will have a larger impact than a tone 
released today. 


3.5.  Radio Nuclide Emission – Nuclear fuel cycle: Normal Operation, and 
other fuel cycles 


In the following, the assessment of radio nuclides emissions from the nuclear fuel cycle is 
described. For the assessment of radio nuclides released by other technologies and other 
processes, the factors for the “Generation” stages can be used.  
It is emphasized that apart from the update of the UNSCEAR factors and the monetary values 
employed, the methodology for the assessment of radionuclide releases remains the same as 
described in the ExternE (1995) Vol. 5. Figure 11 shows the interface for input of Emission of 
Radio Nuclides released due to normal operation, i.e. non accidental release. 
The release has to be expressed as [Bq/kWh].  
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Figure 11: Emission of Radio Nuclides 
 
 
The most relevant radio nuclides are taken into account. The impact on human health is 
evaluated according to Figure 12 by generic factors relating emission (expressed as activity 
[Bq]) via collective dose (expressed as [manSv]) to numbers of fatal- and non-fatal cancers, 
and hereditary effects. 
 


 
Figure 12: Scheme of assessment of impact due to release of radio nuclides 
These physical impacts are further aggregated by monetization. An immediate monetary 
valuation of the physical impacts (e.g., number of cases of cancer) is done. 
For process step “Generation” and “Reprocessing” global and regional results are available. 
For process step Mining/Milling the results correspond to regional scale.  
The impacts are aggregated further into monetary values using external cost data per impact 
derived for Europe. The impacts on global scale are expressed as physical impact and 
therefore they can also be calculated further to external cost by purchase power parity (PPP) 
adjustment. However, the generic factors of global impact do not provide information where 
the impacts take place. Therefore, the application of external cost data valid for Europe may 
be an overestimation of the external costs. However, this also depends on the point of view 
regarding evaluation of impacts outside of Europe.  


Emission [Bq] Dose [manSv] Impact [cases or risk] 


Fate / exposure factor: 
 Emission [Bq]  Dose 


Impact factor: 
Dose [manSv]  Impact 


Valuation factor: 
Impact  External 


ExtCost [€] 
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The factors [manSv/PBq] (PBq = Peta Becquerel = 1E+15 Bq) in the following Tables are 
taken from UNSCEAR 1993 or UNSCEAR 2000.  
Values are derived for certain locations (further described in (UNSCEAR 2000)) and 
therefore, implicitly assume certain population densities (see Table 8). For the globally 
dispersed radio nuclides, the UNSCEAR factors assume different sizes of the global 
population (i.e., 5 and 10 billion for Kr-85/H-3 and C-14/I-129, respectively; cf. Annex C, 
paragraph 156 in UNSCEAR 2000). It has to be emphasised that the values are used as 
generic values to be applied for releases of radio nuclides also at different locations. Since no 
results for other locations are available this gives an approximation of possible impacts. 
Furthermore, UNSCEAR uses a cut-off of the evaluation at 10,000 years (cf. UNSCEAR 
1993, Annex B, paragraph 120 and UNSCEAR 2000, Annex C, paragraph 155). This is in 
contrast to the approach taken within ExternE so far in which a cut-off at 100,000 years was 
used (ExternE (1999) Vol. 7 p. 216). 
 


Table 5: Fate / exposure factors [manSv/PBq] for converting emissions during 
Generation [Bq/kWh] to Doses [manSv/kWh] 
 
Generation Global Regional & 


local 
Source 


Emissions to air    
Noble gases 
(PWR), incl. Kr-85  0.11 Annex A Tab11 and Annex C Tab38 


(UNSCEAR 2000) 
Noble gases (BWR) 
incl. Kr-85  0.43 Annex A Tab11 and Annex C Tab38 


(UNSCEAR 2000) 
Noble gases (GCR) 
incl. Kr-85  0.9 Annex C Tab38 (UNSCEAR 2000) 


Iodines (expressed 
in terms of I-131) 20,000 300 


Global: Annex C Tab44 footnote (note 
the variability as given in Annex A 
Tab35); R&l: Annex C Tab38 (both: 
UNSCEAR 2000) 


Particles  2,000 Annex C Tab38 (UNSCEAR 2000) 


Kr-85 0.2 0.014 


Global: Annex C Tab44 footnote (note 
the somewhat higher value of 0.22 in 
paragraph 78); R&l: Annex A Table 10 
(Kr-85 only, both: UNSCEAR 2000) 


H-3  2.0 2.1 
Global: Annex A p. 51 paragraph 224; 
R&l: Annex C Tab38 (both: UNSCEAR 
2000) 


C-14 92,000 270 
Global: Annex A p. 53 paragraph 236; 
R&l: Annex C Tab38 (both: UNSCEAR 
2000) 


Emissions to water    
Particles   330 Annex C Tab38 (UNSCEAR 2000) 


H-3  0.2 0.65 
Global: Annex A p. 51 paragraph 224; 
R&l: Annex C Tab38 (both: UNSCEAR 
2000) 
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Reactor Types: BWR: Boiling Water Reactor; PWR: Pressurised Water Reactor; GCR: Gas 
cooled reactor; the distinction regarding reactor type is only made for Nobel Gases. This is 
due to the fact that the composition of Nobel Gases is different for different reactor types. 
Noble gases (regional) include Kr-85 (regional). If data on Kr-85 is available this will only be 
assessed with regard to the global scale because this factor dominates the impact caused by 
Noble gases. If only data on Kr-85 and not on other Noble gases are available Kr-85 is the 
input regarding Nobel Gases Regional. 
 


Table 6: Fate / exposure factors [manSv/PBq] for converting emissions during 
Mining/Milling [Bq/kWh] to Doses [manSv/kWh] 
 
Mining/Milling Generic Source 


Pb-210 1,000 UNSCEAR 1993, table 22, p. 
137 


Po-210 1,000 UNSCEAR 1993, table 22, p. 
137 


Rn-222 2.5 Annex C p. 181, paragraph 121 
(UNSCEAR 2000) 


Ra-226 600 UNSCEAR 1993, table 22, p. 
137 


Th-230 30,000 UNSCEAR 1993, table 22, p. 
137 


U-238 7,000 UNSCEAR 1993, table 22, p. 
137 


U-234 8,000 UNSCEAR 1993, table 22, p. 
137 


 
 
Only for Radon there is a recalculation in (UNSCEAR 2000, p. 181, paragraph 120f). The 
value is 5 times smaller than in (UNSCEAR 1993). The values correspond to a regional scale, 
i.e. only up to 2000 km (i.e., not global; see UNSCEAR 1993, p. 106, paragraph 89). 
 


Table 7: Fate / exposure factors [manSv/PBq] for converting emissions during 
Reprocessing [Bq/kWh] to Doses [manSv/kWh] 
 
 


Reprocessing Global Regional & 
local Source 


Emissions to air    


H-3 2.0 2.1 Global: Annex A p. 51 paragraph 224; R&l: 
Annex C Table 41 (both: UNSCEAR 2000) 


C-14 92,000 270 Global: Annex A p. 53 paragraph 236; R&l: 
Annex C Table 41 (both: UNSCEAR 2000) 


Kr-85 0.2 0.0074 Global: Table 51, p. 199; R&l: Table 49, p. 197 
(both: UNSCEAR 1993) 


I-129 20,000 44,000 
Global: Annex C Tab44 footnote (note the 
variability as given in Annex A Tab35); R&l: 
Annex C Table 41 (both: UNSCEAR 2000) 


I-131  300 Annex C Table 41 (UNSCEAR 2000) 
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Reprocessing Global Regional & 
local Source 


Cs-137  7400 Annex C Table 41 (UNSCEAR 2000) 
Emissions to water   


H-3  0.2 0.0014 Global: Annex A p. 51 paragraph 224; R&l: 
Annex C Table 41 (both: UNSCEAR 2000) 


C-14   1,000 Annex C Table 41 (UNSCEAR 2000) 
I-129   99 Annex C Table 41 (UNSCEAR 2000) 
Cs-137   98 Annex C Table 41 (UNSCEAR 2000) 
Sr-90  4.7 Annex C Table 41 (UNSCEAR 2000) 
Ru-106  3.3 Annex C Table 41 (UNSCEAR 2000) 


Note:  From Table 44 in Annex C (UNSCEAR 2000) one can gather that the same fate / 
exposure factors apply to the globally dispersed radionuclides (i.e., H-3, C-14, Kr-
85 and I-129) emitted from reprocessing as for reactor releases 


 
 
The values of [manSv/PBq]  are derived for certain  population density [person / km2] not 
necessarily reflecting the real population distribution of the location of a new facility. 
These are listed in Table 8. 
 


Table 8: Assumed population density [person / km2] for different processes  


 Uranium mining Reprocessing Reactors - 
Generation 


Local 
(0-100 km for mining; 0-50 km for 
reactors). 


3 400 400 


Regional 
(100-2,000 km for mining and fuel 
fabrication; 50-2,000 km for reactors) 


25 20 20 


Source: taken from (UNSCEAR 2000), Annex A Tab 26 “Population densities surrounding 
nuclear fuel cycle installations” 
Assumption for NEEDS: population density ‘Reprocessing’ is like population density 
‘Reactors- Generation’ because values in Annex C Table 41 “Normalized releases and 
collective doses in fuel reprocessing” are identical with Table 38 “Collective effective dose 
per unit release of radio nuclides from reactors”. 
 
 
The release of radio nuclides and the corresponding radioactivity into the environment causes 
impacts to human health. 
 
The impacts considered are: 


o fatal cancers 
o non-fatal cancers and 
o hereditary defects. 


 
The factors relating collective dose to impact, so called risk factors, are recommended in the 
(Vito D3.7). A linear dose-effect relationship is assumed.  
New information on the risks of radiation-induced cancer and hereditary effects has been used 
to change the risk coefficients, for the purpose of estimating the impact at population level. 
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The risk coefficient for hereditary effects has decreased with a factor of 6 for the whole 
population and with a factor of 8 for the subset of adults in the population.  
For ExternE the impact assessment based on the ICRP60 recommendations is still valid. The 
new recommendations will serve for sensitivity analysis purposes. 
As a result, the recommendation for ExternE /  NEEDS is to use the previous factors for core 
analysis, i.e.  
0.05 cases per manSv for fatal cancers 
0.12 cases per manSv for non-fatal cancers and 
0.01 cases per manSv for hereditary defects. 
 
Further details are presented in the nuclear fuel cycle report (ExternE, 1995, Vol. 5). 
 
The impact, i.e. cases of fatal cancers, non-fatal cancers and hereditary defects can be 
aggregated to external cost by multiplication with the corresponding monetary values listed 
below. 
 
2,000,000  Euro per fatal cancer (NewExt_final)  
   481,050 Euro per non-fatal cancer ExternE Core/Transport (Friedrich and Bickel, 2001) 
1,045,000  Euro per hereditary defect (VSL) NewExt/DIEM (NewExt_final). 
 
The values are derived from estimates for different types of cancer, e.g. Leukaemia, Lung 
cancer, etc. Types of cancer differ in latency and estimated YOLL  (see sections 12.3.2, and 
12.4 in ExternE, 1999, Vol. 7). 
The monetary value reflect a so called “cancer premium”. Another possible approach without 
accounting for a “cancer premium” is to convert the effects due to radionuclide emissions 
(particularly cases of fatal cancer) into DALYs (disability-adjusted life years) and then apply 
just the VOLY. Statistics on DALYs for cancers are reported in the literature.  However, it 
has to be noted that the DALY approach is not consistent with the willingness to pay 
approach in so far as the weighting of different endpoints is not the same. 
 
Further, it should be noted that the presented assessment of radio nuclide releases is a 
generalised approach. Neither emissions stemming from severe accidents nor from the nuclear 
waste disposal phase are included. This is because the consulted literature does not provide 
generic fate / exposure factors for waste disposal by radio nuclide (cf. Annex B paragraph 124 
in UNSCEAR 1993 and Annex C paragraphs 161f in UNSCEAR 2000). Likewise no factors 
are provided for one or several accident(s) to be expected; rather only reported accidental 
releases of radio nuclides have been discussed (e.g., the Chernobyl accident, cf. Annex C 
paragraphs 181f in UNSCEAR 2000). Mostly owing to the expected low probability of such 
accidents to occur, quantifications in the past came to the conclusion that the severe accidents 
only marginally contribute to the overall external costs (e.g. ExternE Methodology 2005 
update, p. 225f). Finally, the possible threat due to proliferation can not be taken into account 
because of lack of a sufficient methodology. 
 


3.6.  The creation of further additional facilities, how to clone, delete and 
update facilities 


After saving the input and going back you can easily create another facility without doing 
every entry again by using the [Clone Facility] function. Then you can modify the “cloned” 
version and save it with a different name.  
Otherwise, you can directly create a new facility and define it again from the beginning. 
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After you saved the new facility you can still edit the entries as long as no calculation has 
been performed with it. However, after calculation has been started the facility can only be 
cloned. It has to be emphasised that if a facility which was used in a case study is edited the 
corresponding results will be deleted.  
A facility can be used in different case studies, i.e. with different assessment methods. This 
leads to different results for the same facility.  
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4. CASE STUDY 
 
First step: Defining a Case Study 
A “Cases Study” can assess several facilities with the same “Assessment Framework”. The 
predefined facilities can be selected after a “Case Study” is created or after selecting an 
already created Case Study. 
By defining the Case Study the “Assessment Framework” has to be defined, too. The 
“Assessment Framework” consists of the features on the right hand side of the interface 
depicted in Figure 13 These features are in the following described. 
 


 
Figure 13: Interface for definition of Case Study 
On the right side the Cases Study can be now created and defined. A Case Study is defined 
due to the modules of the Assessment Framework.  
In EcoSenseWeb the modules of the Assessment Framework are, for a clearer overview, 
distributed to the following categories: 
 


o Case Study 
o Regional Model 
o Climate Change 


 
These categories are further explained below. 


4.1.  Case Study  
 


o Case Study Information 
Consists simply of  
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Case Study Name: 
Date Created: (generated automatically) 
Description: Option to provide information for the results report 
 


o Modules 
As default all modules are selected. Depending on the focus of the case study different 
modules may be deselected. The modules are: 
 
Regional Scale:  
Based on Source-Receptor Matrices.  
Used for assessment of primary and secondary pollutants.  
Secondary particles are created due to chemical transformation of SO2, NOx and NH3 into 
nitrates and sulphates. 
Ozone is caused by chemical transformation of NMVOC and NOx emissions. 
Results are available for 66 sub-regions of Europe, two different background emission 
scenarios and different meteorological years. 
Full information: (METNO TP1.2) 
 
Local scale (ISC) 
Assessment of primary particulate matter in an area of ca. 50 km radius from the source. 
Full information: (AUTH TP1.3) 
 
Hemispherical Scale 
Source-Receptor Matrices are for assessment of primary particles and secondary particles 
which are created due to chemical transformation of SO2, NOx and NH3. Moreover, ozone 
concentration caused by chemical transformation of NMVOC and NOx emissions.  
Results are available for 4 plus one continental region (and one sub region) of the Northern 
Hemisphere and for North African countries. 
Full information: (METNO TP1.1) 
 
Loss of Biodiversity 
Including: 


o Biodiversity Losses due to land use changes 
o Biodiversity Losses due to acidification and eutrophication 


 
The environmental influences regarding impacts on the biodiversity due to generation of 
electricity are assessed in two ways. 
Firstly, by land use change, e.g. due to building of a facilities (this is described in Chapter 3.3. 
). 
Secondly, due to emissions of SO2, NOx and NH3 emissions, which cause acidification and 
eutrophication of natural soil. Acidification and eutrophication cause a change biodiversity. 
The approach to measure the biodiversity loss is the PDF approach (this is described in 
Chapter 3.3. ). 
Values of PDF (potentially disappeared fraction) per deposition are used. Moreover, from the 
regional dispersion modelling depositions per grid cell are available. For each 50 x 50 km2 
grid cell the share of natural soil is available. Finally, a “pressure index” (country depended) 
is available which indicates the sensitivity of the soil.  
This information is used to model the loss of biodiversity due to SO2, NOx and NH3 
emissions. The evaluation is based on minimum restoration costs. 
Full information: (ECONCEPT D4.2). 
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Climate Change module 
 
 Further described in 4.3. Climate Change; Basic information is available in (UniHH 
TP5_4TP5_5) 
 
Metals and other micro pollutants 
Further described already in Chapter 3.2. Emissions air pollutants, “Minor parts”. 
 


o Evaluation Framework 
Methodology Applied 
The user chooses the “aggregation scheme”, i.e. a set of concentration response functions and 
monetary values. 
The set is predefined by IER. According to the NEEDS recommendation there is a set for the 
so called “Core Analysis” (Vito D3.7). Moreover, there are “Additional functions for 
sensitivity studies” available.  
The corresponding CRF and monetary values regarding human health are described in 
Chapter 8.1. within this manual. 
For the assessment of Crops and Building materials there is only one set of CRF and 
monetary values used. These are described in Chapter 8.2. and 8.3. . 
For further alternative assumptions regarding human health the user can adjust the results 
using the result table which is accessible after calculation (Figure 21).  
 
There are three aggregation schemes available. They are identical with regard to crop yield 
loss and impacts on building. However, they differ with regard to the concentration response 
functions for assessment of impacts to human health (HH), 
a) “NEEDS_Core_SIA” uses the core functions as described in “Core Analysis” (Vito D3.7) 
and in Chapter 8.1.  
b) “NEEDS_addSens_SIA” uses the core functions plus the functions for additional 
sensitivity as described in  (Vito D3.7) and in Chapter 8.1.  
c) “CASES_Core“ uses the core functions as described in “Core Analysis” (Vito D3.7) and in 
Chapter 8.1. but assumes different toxicity of the primary and secondary particles. 
The CRF are multiplied with 
0.5 in case of nitrates 
0.7 in case of sulphates and  
1.3 in case of primary particles.  
 
 
 
 
Results specification 
The default setting is 
Currency: Euro  
Base Year: 2000. 
 


4.2.  Regional Model 
The interface for specification of Regional Model is shown in Figure 14. 
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Figure 14: Interface for specification of Regional Model 
Chemical transformation of primary pollutants like SO2, NOx, NH3 and NMVOC into 
secondary pollutants like nitrates, sulphates and ozone is depending on the background 
concentration of these substances on the one hand, and meteorological parameters on the 
other hand. Therefore, different settings for the regional model have to be made. 


o Background Scenario 
Emission-Scenario:  
Defines the Background Emission Scenario. These are the emissions of all sectors (see Table 
9) of the classical air pollutants SO2, NOx, NMVOC and NH3. The background emission 
scenario has an important influence on the chemical transformation of the emissions because 
of the background concentration of primary and secondary pollutants such as SO2, NOx, NH3, 
NMVOC, nitrates, sulphates and ozone. 
 
 Moreover, the chemical transformation of emissions from an additional source depends on 
the background concentration of the air pollutants. 
“2010” is an emission scenario according to present conditions in 2010. 
“2020” is a future emission scenario with significantly lower emissions. Therefore, the 
chemistry is different and the emission of, e.g., one tonne of NOx will have different results 
on the concentration increment of nitrates and sulphates (see MET.NO TP1.2). 
 
Meteorological year 
Since the creation of secondary air pollutants and the dispersion depends on the 
meteorological conditions, within NEEDS the method was improved by using not only one, 
(more or less arbitrary meteorological data) but an average of several representative years 
(these are 1996, 97, 98 and 2000). Moreover, in order to reflect the influence of a global 
warming the extreme year 2003 was chosen for the assessment (future).  
 
Height of release  
From the results of the SR-matrices values for emissions from either “All sectors” (Table 9) 
or from the sector 1 only (Combustion in energy and transformation industry), i.e. very high 
stacks are available. Results are obtained for “Low and Medium” sources by using the data 
for “All sectors” without sector 1 (S1) by further processing of the data. 







34/63 


It has to be emphasised that results for emissions of NMVOC and NH3 are not available for 
S1. Therefore, the results correspond to emissions from SR matrices for “All sectors”. 
The user just has to specify the stack height of the corresponding facility. According to this 
for stacks higher than 100m S1 results are used, for stacks lower than 100m results for low 
and medium sources are used. 


Table 9: List of NFR sectors (Nomenclature for Reporting)  


01 Combustion in Power Plants and Industry 
02 Transport 
03 Commercial Residential and Other Stationary Combustion 
04 Fugitive Emissions From Fuels 
05 Industrial Processes 
06 Solvent and Other Product Use 
07 Agriculture 
08 Waste 
09 Other 
10 Natural 


 


4.3.  Climate Change 
 
The interface for specification of Climate Change Model is shown in Figure 15.  


 
Figure 15: Interface for specification of Climate Change 
Documentation of the applied model FUND2.9 can be found at the following homepage 
https://www.fnu.zmaw.de/FUND.5679.0.html . 
 
Additional information on estimates of cost can be found at the CASES project website:  
http://www.feem-project.net/cases/downloads_deliverables.php  
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“M.1.3 - new estimates of energy supply externalities” in Chapter 6 “Climate change” and 
D.03.2 - WP3 report. 
 
The evaluation of emissions of Greenhouse gases and the climate change caused is a very 
contentious issue, with high uncertainties inherent. 
 
To reflect the variety of possible estimates several ways of evaluation are possible and the 
decision which to use is let to the user. However, a default value for CO2equiv. is also 
provided. Moreover, an own monetary value for CO2equiv. can be specified by the user. 
Damage and avoidance costs can also be selected.  
These have been calculated for NEEDS using the latest state-of-the-art of the FUND2.9 
model. 
Full information is available at (UniHH TP5_4TP5_5). 
Results for different basic assumptions can be obtained.  
Regarding damage costs the user can choose between different discount rates. Moreover, 
since the impacts take place globally the user has to specify whether he wants to base the 
results on the concept of “equity weighting” or on “regional values”.  
 
Regarding avoidance costs the user has to specify the avoidance target. The higher the target 
regarding concentration of CO2equiv in the troposphere the lower will be the avoidance costs.  
Regarding CO2equivalents the global warming factors of 23 for CH4 and 296 for N20 (TAR of 
the IPCC 2001) are used. 
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5. START CALCULATION 
Defining a case study includes also the selection of at least one facility. Please make sure that 
before [Start Calculation] the [Save] button was pushed to include all settings. After that, 
finally, the [Start Calculation] button has to be pushed. 
Since the generation of local meteorology is a process which takes about one hour the 
calculation of the whole case study may be the latest element in some other queuing 
calculations. Therefore, the user will receive an email as soon as the results of his case study 
are available. 
However, the user can also retrieval results by pushing the [View Results]. If results are not 
available the following screen will appear. 
 


 
Figure 16: Feedback if results for certain Case studies are already available 
The presentation of results is described in the next Chapter. 
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6. VIEW RESULTS - THE REPORT 
6.1.  Results for the European countries – Regional and local mode  


EcoSenseWeb supports the evaluation of results by generating different types of reports. 
In order to see the results the user has to click [View Results].  
The results are displayed on an aggregated level (DETAILS I) depending on the modules that 
were used.  An example is shown in Figure 17. 
To review more detailed results, e.g. damages due to different pollutants the user can click on 
[Details] (Figure 18). These results are still on an aggregated level. The page of [Details for 
Local/Regional Scale] for local and regional dispersion are the same. They can also be 
downloaded as a .csv file (Figure 19) just clicking [Download Results]. For these modules 
there is also a [Detailed report] available (clicking the right mouse botton  a file called 
“result.csv” can be saved. This can be exported e.g., to Excel. On the top of this file the main 
input data are reported. Then a “Summary Report” is provided for “All countries” and for 
each country of the EU. Further down (ca. row 375) there are the “Detailed Results” again for 
“All countries” and for each country of the EU. These “Detailed Results” can be used to 
perform sensitivity analysis regarding alternative concentration response functions and 
monetary values. However, this is only recommended to experienced users. 
Note: 
It has to be noted that regarding crops and materials only “crops N deposition” and “crops O3” 
are reported in the detailed report. This is due to the fact that from regional modelling (i.e. 
Source Receptor matrices) no SO2 concentrations are available. However, the ambient SO2 
concentration is an input to the impact assessment of materials and crops yield loss due to 
acid deposition”.  Therefore, the results of previous EcoSense version are implemented for 
crops yield loss and damages to building materials caused by SO2. The values are included, 
together with the other impacts to crops, in the aggregated results (I) - Figure 17. The values 
are also depicted in the next level of detail of regional and local impacts in Figure 18. 
 
To present impacts and external costs occurring within individual countries the results for the 
countries are included in the detailed report. The report presents results for individual 
countries in addition to the total impacts and external costs. 
The report includes results for the local and regional analysis. 
Depending on the calculation mode for which the impact assessment was carried out, results 
might be available for different reference units (e.g. impacts per year or impacts per kWh). 
Results are shown at different levels of detail. 
First level is shown in Figure 17.  
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Figure 17: Summary of results DETAILS I 
 
For example, the next level of detail of regional and local impacts is displayed in Figure 18. 
 


 
Figure 18: Details of local and regional module 
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The results can also be downloaded as a .csv file (Figure 19) just clicking [Download 
Results]. 
 


 
Figure 19: .csv file for “Details of local and regional module” 
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Figure 20: Highest level of detail of results 
 
The detailed results displayed online as shown in Figure 20 can be downloaded as .csv file. 
This can be opened e.g. with Excel (see Figure 21) and results may be adjusted or further 
processed. 
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Figure 21: Results exported into Excel file (for each country detailed results for each 
pollutant)  
 
 
At this level of detail results for each country of the EMEP receptor grid can be obtained. This 
means the external costs and impacts caused by a certain source. 
For example, the damages caused by a coal fired power station in Germany, in any of the 
European countries can be extracted. Moreover, results e.g. for each human health endpoint is 
displayed. 
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6.2.  Results for the European countries – North Hemispheric mode  
As depicted in Figure 17 there are also results including the hemispheric scale available. 
These are the results derived by the North Hemispheric module (“Hemispheric Scale”) and 
results corrected for double counting (“Local/Regional/Hemispheric Scale“).   
The “Hemispheric Scale” results include also impacts within Europe derived with the 
Hemispheric module. By clicking on [Details] for the Hemispheric Scale the results are 
disaggregated according to the substances that cause the impact (see Figure 22). 
 


 
Figure 22: Results derived with the North Hemispheric module. 
 


6.3.  Results for the European countries – Biodiversity Losses 
 
As can be seen in Figure 17 there are also (DETAILED I) results regarding Biodiversity 
Losses due to Landuse Change and Acidification & Eutrophication available.  
For the Biodiversity Losses due to Acidification & Eutrophication there is also a [Details] 
table available, as it is displayed in Figure 23. 
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Figure 23: Biodiversity Losses due to Acidification and Eutrophication 


6.4.  Results for the 5 North African Countries  
For Algeria, Morocco, Tunisia, Egypt and Libya model runs with the corresponding 
EMEP/MSC-West Eulerian dispersion model have been performed. 
As shown in Figure 24 damages caused by emissions from the source country Tunisia are 
calculated for each of the 5 North African countries, Europe (without Russia), and for the 
whole Northern Hemisphere. Moreover, results regarding release of Greenhouse Gases and 
Micro pollutants and radio Nuclides are available.  
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Figure 24: Aggregated results for one of the North African countries, example Tunisia 
The aggregated results shown in Figure 24 can be down loaded [Download Results] or by 
clicking on [Details] further disaggregated and then downloaded. 
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Figure 25: Disaggregated results for the North-African countries. 
 


6.5.  Results of the Module for Radio Nuclide emissions 
As was shown in Figure 11 also emissions of certain radio nuclides can be assessed. 
The results regarding external costs are shown on an aggregated level in Figure 26 regarding 
the process steps Generation (i.e. operation of the nuclear power plant), and the upstream 
processes Mining/milling and Reprocessing.  
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Figure 26: Results for radio nuclide emissions on an aggregated level 
 
The aggregated results are available disaggregated according to the endpoints (fatal cancer, 
non- fatal cancer and hereditary defect) and the location (regional and global). The external 
costs, but also the impacts are available, as shown in Figure 27. 
 


 
Figure 27: Results for radio nuclide emissions on a disaggregated level 
 
The reports of each “CaseStudy” can also downloaded all together as a .zip file by clicking 
the button on the lower right corner of each case study – as shown in Figure 28. 
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Figure 28: Download results as .zip file 
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7. UNCERTAINTY 
In the deliverable “Report on the methodology for the consideration of uncertainties“ 
(ARMINES D7.2) the issue of uncertainty is discussed. 
 
The following summary is taken from the deliverable (ARMINES D7.2). The complete 
discussion can be found there. 
 
Whereas the uncertainty of environmental impacts and damage costs is usually estimated by 
means of a Monte Carlo calculation, this paper shows that most (and in many cases all) of the 
uncertainty calculation involves products and/or sums of products and can be accomplished 
with an analytic solution which is simple and transparent. We present our own assessment of 
the component uncertainties and calculate the total uncertainty for the impacts and damage 
costs of the classical air pollutants; results for a Monte Carlo calculation for the dispersion 
part are also shown. The distribution of the damage costs is approximately lognormal and can 
be characterized in terms of geometric mean µg and geometric standard deviation σg, 
implying that the confidence interval is multiplicative. We find that for the classical air 
pollutants σg is approximately 3 and the 68% confidence interval is [µg / σg, µg x σg]. 
Because the lognormal distribution is highly skewed for large σg, the median is significantly 
smaller than the mean. We also consider the case where several lognormally distributed 
damage costs are added, for example to obtain the total damage cost due to all the air 
pollutants emitted by a power plant, and we find that the relative error of the sum can be 
significantly smaller than the relative errors of the summands. Even though the distribution 
for such sums is not exactly lognormal, we present a simple lognormal approximation that is 
quite adequate for most applications. 
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8. BACKGROUND INFORMATION  
8.1.  Impacts to Human Health 


Except of external costs of emission of Greenhouse gases, the impacts to human health 
contribute to the major part of currently quantifiable external cost. Therefore, the update of 
the methods focused on reducing the uncertainty inherent in the evaluation of these impacts. 
Important work has been done within the NEEDS research streams RS1b and RS1d (“(Social) 
External Costs Calculation of Energy Lifecycle” and “Geographical Extension of the ExternE 
Methodology”). 
 


8.1.1 Human Health  - Concentration Response Functions (CRF) 
 
Within RS1b WP3: “Causal links between pollutants and health impacts” concentration 
response functions (CFR) linking concentration of pollutants (e.g., µg/m3 in the air) to 
different endpoints (morbidity and mortality) are recommended. In the corresponding 
deliverable (Vito D3.7) “Final Report on casual links between pollutants and health impacts - 
A set of concentration-response functions” the main results are summarised and here shown in 
Table 10. 
 
Within RS1d  the transferability of the CRF to other countries has been investigated. Results 
will be available in the corresponding technical papers. 
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Table 10: Overview of the concentration response functions for PM and ozone. Functions for sensitivity analysis in italics. 


 
Endpoint Pollutant Age group Risk group fraction CRF  Units 


CORE CRF 


Chronic mortality 
Life expectancy reduction  PM2.5 30+ 1 651 YOLL per 10 µg/m³ per 100 000 people 
Infant mortality 


Increased mortality risk PM10 0-1 0.4% 4% 
18 


attributable cases per 10 µg/m³ 
YOLL per 10 µg/m³ per 100,000 people (all ages) 


Acute mortality 


Increased mortality risk O3/SOMO35 all 0.99% 0.30% 
0.75 


attributable cases per 10 µg/m³ 
YOLL per case 


Morbidity 
New cases of chronic bronchitis PM10 27+  0.376% 26.5 per year, per 10 µg/m³, per 100,000 adults aged 27+ 
Respiratory hospital admissions PM10 all 1  7.03 per year, per 10 µg/m³, per 100,000 people 
Cardiac hospital admissions PM10 all 1 4.34 per year, per 10 µg/m³, per 100,000 people 


Medication use / bronchodilator use PM10 5-14 


PEACE criteria 
(15% N&E-EU) 
(25% W-EU) 
Medication use 
10% 


180 per year, per 10 µg/m³ per 1000 children meeting the 
PEACE criteria 


 PM10 20+  Asthmatics 4.5% 
Daily medication use probability 50% 912 per year, per 10 µg/m³ per 1000 adults 20+ 


Lower respiratory symptoms PM10 adults  symptomatic adults (30%) 1.3  symptom days per year, per 10 µg/m³ per adult with chronic 
respiratory symptoms 


 PM10 5-14  1.86 symptom days per year, per 10 µg/m³ per child 5-14 
Restricted activity days (RADs) PM2.5 15-64  1 902 per year, per 10 µg/m³ per 1000 adults 15-64 
Work loss days (WLD) PM2.5 15-64  1 207 per year, per 10 µg/m³ per 1000 adults 15-64 
Minor restricted activity days 
(MRAD) PM2.5 18-64  1 577 per year, per 10 µg/m³ per 1000 adults 18-64 


Respiratory hospital admissions O3/SOMO35 65+ 1 12.5 per year, per 10 µg/m³ per 100 000 people 65+ 
MRAD O3/SOMO35 18-64 1 115 per year, per 10 µg/m³ per 1000 adults 18-64 
Medication use / bronchodilator use O3/SOMO35 20+  Asthmatics 4.5% 730 per year, per 10 µg/m³ per 1000 asthmatic adults 20+ 
LRS excluding cough O3/SOMO35 5-14  1 0.16 days of LRS per year, per 10 µg/m³ per child 5-14 
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Endpoint Pollutant Age group Risk group fraction CRF  Units 
Cough days O3/SOMO35 5-14  1 0.93 cough days per days, per 10 µg/m³ per child 5-14 
 


Additional functions for sensitivity studies 


New cases of chronic bronchitis PM2.5 27+ 0.376% 53.3 per year, per 10 µg/m³, per 100,000 adults aged 27+ 
Consultations with primary care 
physicians 


     


Asthma PM10 0-14 1 1.18 per year, per 10 µg/m³ per 1000 children 0-14 
 PM10 15-64 1 0.51 per year, per 10 µg/m³ per 1000 adults 15-64 
 PM10 65+ 1 0.95 per year, per 10 µg/m³ per 1000 adults 65+ 
Upper respiratory diseases PM10 0-14 1 4  per year, per 10 µg/m³ per 1000 children 0-14 
 PM10 15-64 1 3.2 per year, per 10 µg/m³ per 1000 adults 15-64 
 PM10 65+ 1 4.7 per year, per 10 µg/m³ per 1000 adults 65+ 
Acute respiratory symptoms PM10 all 1 4650 symptom days per year, per 10 µg/m³ per 1000 people 
Consultations with primary care 
physicians for allergic rhinitis 


O3 /SOMO35 0-14 1 3.03 per year, per 10 µg/m³ per 1000 children 0-14 


 O3 /SOMO35 15-64 1 1.6 per year, per 10 µg/m³ per 1000 adults 15-64 
Medication use / bronchodilator use 
Northern and Eastern Europe 


O3 /SOMO35 5-14  1 124 per year, per 10 µg/m³ per 1000 children 5-14 


Medication use / bronchodilator use 
Western Europe 


O3 /SOMO35 5-14  1 310  per year, per 10 µg/m³ per 1000 children 5-14 


 
 
The following percentages for the age group fractions have been used  
 


Table 11: Age group fractions 


Age group % 
Baseline mortality 0.99 
Infants 0-1 year 0.9 
Adults 15 and above 83 
Adults 15 to 64 years 67.2 
Adults 18 to 64 years 64 
Adults 20 and above 79.8 
Adults 27 and above 70 
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Adults 30 and above 70 
Children 0 to 14 years  17 
Children 5 to 14 years 11.2 
Elderly, i.e. 65 and above 15.8 
 
 It should be noted that within EcoSenseWeb account is taken for double counting regarding RAD (Restricted activity days). 
Since Work loss days (WLD), Minor restricted activity days (MRAD) and days in hospital because of Cardiac hospital admissions (CHA) and 
Respiratory hospital admissions (RHA) are also RADs the net RADs are calculated as follows:  
 
netRAD (to be applied to PM2.5) = RAD – WLD – MRAD – (RHA and CHA due to PM10)*10 days, i.e.:  
 
= (0.0902 - 0.0207) * Adults_15_to_64_years - 0.0577*Adults_18_to_64_years - (0.00000703+0.00000434) * 5/3 * Total Population * 10 days. 
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8.1.2 Human Health - Monetary Values 
 
The following summary is taken from (UParis D6.7). It focuses on the main contributors of 
impacts to human health in terms of external costs. These are change of life expectancy (LE) 
and chronic bronchitis.  
 
The overall objective of NEEDS, RS1b, work package 6 is to obtain more reliable and 
credible results for the value of a life year (VOLY) lost by air pollution mortality, one of the 
most important parameters of ExternE and until now one of the most uncertain. The new 
values are derived from the work of a team of European experts, based on the results of a new 
contingent valuation (CV) questionnaire that has been applied in 9 countries: France, Spain, 
UK, Denmark, Germany, Switzerland, Czech Republic, Hungary, and Poland. The total 
sample size is 1463. A procedure for transferring the results to other countries has also been 
developed and tested.  
 
The approach is innovative because it is based on valuing the change of life expectancy (LE) 
directly, in contrast to previous valuations of air pollution mortality that were based either on 
risks of death in a transport or employment-related accident context, or on a small change in 
the probability of dying in other contexts. There are some reasons for basing the valuation on 
loss of LE rather than a number of premature deaths, as recognized by ExternE since 1998. A 
principal reason is that the epidemiological evidence more readily expresses the physical units 
in changes in life-years than number of deaths. Furthermore the experience with the 
questionnaire of Krupnick et al during the NewExt project had demonstrated that people have 
some difficulty in understanding small probability changes. The new questionnaire was 
developed specifically for this WP, with extensive testing by focus groups, debriefing and 
verbal protocols.  
 
Based on the results of this questionnaire, the recommended VOLY estimates are (“EU16” 
being EU15 + Switzerland)  
for “EU16”:      41,000 €  
for New Member Countries (NMC):  33,000 €  
 
However, for cost-benefit analyses of EU directives and policies we would recommend using 
the same value for EU25 (“EU26”, including Switzerland), based on the VOLY value from 
the pooled sample. This estimate may itself be adjusted to correct for the difference in the 
proportion of “EU16” and NMC observations in our sample and the actual populations  
for EU25:      40,000 €  
 
These values are somewhat lower than the 50,000€ used by ExternE since the NewExt 
project.  
 
The QALY scale used by health economists is combined with the new VOLY to obtain an 
implied cost for morbidity endpoints, in particular chronic bronchitis, the end point making 
the second largest contribution after mortality (about 25%) to the total damage cost of PM, 
NO2 and SO2. Until now the cost of chronic bronchitis assumed by ExternE has remained 
quite uncertain because it has been based on only two CV studies in the USA (that use 
essentially the same questionnaire), dating from 1990 and 1991, and the application of the 
results of those studies poses problems in terms of the legitimacy of the spatial and temporal 
transfer entailed. The result of the QALY approach turns out to be so close to the 200,000€ 
currently used for chronic bronchitis by ExternE, that no change is recommended. 
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In Table 12 the monetary values used for valuation of impacts to human health in NEEDS are 
listed. Apart from the updates made within NEEDS the values are taken from (ExternE, 
Methodology 2005 Update). 
 


Table 12: Monetary values used for evaluation of impacts to human health in NEEDS 


Endpoint Monetary 
Values 
[Euro2000] per 
case 


  
Medication use / bronchodilator use 1 
Minor restricted activity days (MRAD) 38 
Lower respiratory symptoms (adult) 38 
Lower respiratory symptoms (child) 38 
LRS excluding cough 38 
Cough days 38 
Acute respiratory symptoms 38 
Consultations with primary care physicians_Asthma 53 
Consultations with primary care physicians_Upper respiratory diseases 75 
Consultations with primary care physicians for allergic rhinitis 75 
Work loss days (WLD) 82 
Restricted activity days (RADs) 130 
Respiratory hospital admissions 2,000 
Cardiac hospital admissions 2,000 
Life expectancy reduction – YOLLchronic 40,000 
Increased mortality risk (infants) YOLLchronic 40,000 
Increased mortality risk YOLLakut 60,000 
New cases of chronic bronchitis 200,000 
Fatal-Cancer due to radionuclides 2,000,000 
Non-fatal-Cancer due to radionuclides 481,050 
Hereditary defect due to radionuclides 1,045,000 
 


8.2.  Impacts on building materials 
 
This section is based on (ExternE, Methodology 2005 Update). 
It has been known for several centuries that air pollutants emitted by burning of fossil fuels 
have a serious impact on buildings. The effects include loss of mechanical strength, leakage 
and failure of protective coatings due to degradation of materials. Also, the disagreeable 
appearance in all larger towns of soiled but otherwise beautiful buildings is caused by 
deposition of particulate matter arising from atmospheric pollution.  
 
For several materials that are frequently used in buildings, dose-response functions have been 
obtained. A dose-response function links the dose of pollution, measured in ambient 
concentration and/or deposition, to the rate of material corrosion. In order to be able to 
calculate costs, a damage function needs to be obtained.  







55/63 


The state of the art of impacts of atmospheric pollutants on building materials is briefly 
summarized in (ExternE, Methodology 2005 Update), page 109 – 122.  
The exposure-response functions used for impact assessment and recommended for ExternE 
are listed for the different building materials.  
 
In a two-step approach, the exposure-response functions link the ambient concentration or 
deposition of pollutants to the rate of material corrosion, and the rate of corrosion to the time 
of replacement or maintenance of the material. Performance requirements determine the point 
at which replacement or maintenance is considered to become necessary. This point is given 
in terms of critical degradation.  
 


8.2.1 Building material – concentration response functions 
 
Example for Limestone (CRF for other materials are similar and can be review in (ExternE, 
Methodology 2005 Update)). 
 
Limestone 
 
R  = (2.7[SO2]^0.48e-0.018T + 0.019Rain[H+]) • t^0.96 
 
where R is the surface recession in µm, [SO2] is the SO2 concentration in µg/m3, T is the 
temperature in °C, t is the time in years, Rain is the amount of precipitation in mm/year and 
[H+] is the hydrogen ion concentration in precipitation in mg per litre. When performing cost 
calculations the maintenance frequency (1/t) is sought for a specified value of the surface 
recession, corresponding to a critical damage where maintenance action is required or 
desirable.  
 
Transforming this equation gives the function: 
1/t  = [ (2.7[SO2]^0.48e-0.018T + 0.019Rain[H+])/Rcrit ]^1/0.96  
 
 
Moreover, CRF for the following materials are implemented in EcoSenseWeb: 
 


o Limestone,  
o Sandstone, 
o Natural stone, mortar, rendering,  
o Zinc and galvanised steel,  
o Paint on steel  
o Paint on galvanised steel 
o Carbonate paint 


 
 


8.2.2 Building materials – Monetary Values 
Monetary values used for the evaluation of impacts to building materials are shown in Table 
13 


Table 13: Monetary values used for the evaluation of impacts to building materials (in 
Europe) x 
 







56/63 


Materials – maintenance costs per m2 Monetary value 
[Euro] 


Galvanised steel country specific 
 (14 – 45) 


Limestone 245 
Mortar 27 
Natural stone 245 
Paint 11 
Rendering 27 
Sandstone 245 
Zinc 22 
 


8.3.  Impacts on crops  
This section is taken from (ExternE, 1999, Vol. 7) and (ExternE, Methodology 2005 Update). 
It draws on the latest methodological developments within the ExternE-Pol project and on 
earlier reports of the ExternE methodology. 


8.3.1 Crops – concentration response functions 
 
Effects from SO2  
The function assumes that yield will increase with SO2 from 0 to 6.8 ppb, and decline 
thereafter. The function is used to quantify changes in crop yield for:  
wheat, barley, potato, sugar beet and oats and is defined as  
 
y = 0.74 · [SO2] – 0.055 · [SO2]2         for 0 < [SO2] < 13.6 ppb 
y = -0.69 · [SO2] + 9.35                      for [SO2] > 13.6 ppb 
 
with  y  = relative yield change and 
       [SO2] = SO2 concentration in ppb 
 
Effects from Ozone 
For the assessment of ozone impacts, a linear relation between yield loss and the AOT 40 
value (Accumulated Ozone concentration above a Threshold of 40 ppbV) calculated for the 
growth period of crops (May to June) is assumed. The relative yield change is calculated 
using the following equation together with the sensitivity factors given in Table 14: 
 
y = 99.7 – Alpha · AOT40crops  
 
with  y = relative yield change 


Alpha  = sensitivity factors 
   


Table 14: Sensitivity factors for different crop species. 
 


Crop species Sensitivity factor 
Rice 0.4 
Tobacco 0.5 
Sugar Beet, potato 0.6 
Sunflower 1.2 
Wheat 1.7 
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Acidification of Agricultural Soils 
An upper-bound estimate of the amount of lime required to balance atmospheric acid inputs 
on agricultural soils across Europe is estimated. Ideally, the analysis of liming would be 
restricted to non-calcareous soils, but this refinement has not been introduced given that even 
the upper-bound estimate of additional liming needs is small compared to other externalities. 
The additional lime required is calculated as: 
 
dL = 50 kg/meq · A · dDA 
 
 with dL = additional lime requirement in kg/year 
  A = agricultural area in ha 
  dDA = annual acid deposition in meq/m2/year 
 
Fertilisation Effects from Nitrogen Deposition 
Nitrogen is an essential plant nutrient, applied by farmers in large quantity to their crops. The 
deposition of oxidised nitrogen to agricultural soils is thus beneficial (assuming that the 
dosage of any fertiliser applied by the farmer is not excessive). The reduction in fertiliser 
requirement is calculated as: 
 
dF = 14.0067 g/mol · A · dDN 
 
 with dF = reduction in fertiliser requirement in kg/year 
  A = agricultural area in km2 
  dDN = annual nitrogen deposition in meq/m2/year 
 
 


8.3.2 Monetary Valuation of Crop Losses 
We simply note here that the application of the impact-pathway approach relies upon 
up-to-date data. Thus, in Table 15 below we show updated prices of the crops damaged 
by air pollution. Prices have changed significantly in recent years, those for important 
crops such as wheat and potato have gone up.  


Table 15: Updated prices of major crops (ExternE, Methodology 2005 Update) 
 


 Updated Prices per ton Source 
Sunflower  273 FAOSTAT € (2001) 
Wheat 137 IFS € (2003) 
Potato 113 FAOSTAT € (2001) 
Rice 200 IFS € (2003) 
Rye 99 FAOSTAT € (2001) 
Oats 132 FAOSTAT € (2001) 
Tobacco 2895 IFS € (2003) 
Barley 93 IFS € (2003) 
Sugar beet 64 FAO € (2002) 


  
 


8.4.  ISC ST Meteorological Data 
  
 







58/63 


The set of diffusion coefficients used by the ISC depends on the facilities stack height. The 
coefficients are derived from experiments in Germany, with 
σy = py . xqy 
σz = pz . xqz 
with  x   distance from source in [m] 
  py, pz  as shown in Table 16 below. 


Table 16: Diffusion coefficients py and pz 


Height (m) Stability   


 Category py qy pz qz 


< 60 A 1.503 0.833 0.151 1.219 


 B 0.876 0.823 0.127 1.108 


 C 0.659 0.807 0.165 0.996 


 D 0.640 0.784 0.215 0.885 


 E 0.801 0.754 0.264 0.774 


 F 1.294 0.718 0.241 0.662 


60 – 120 A 0.170 1.296 0.051 1.317 


 B 0.324 1.025 0.070 1.151 


 C 0.466 0.866 0.137 0.985 


 D 0.504 0.818 0.265 0.818 


 E 0.411 0.882 0.487 0.652 


 F 0.253 1.057 0.717 0.486 


> 120 A 0.671 0.903 0.0245 1.500 


 B 0.415 0.903 0.033 1.320 


 C 0.232 0.903 0.104 0.997 


 D 0.208 0.903 0.307 0.734 


 E 0.345 0.903 0.546 0.557 


 F 0.671 0.903 0.484 0.500 
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10. APPENDIX 
 


10.1.  Glossary and Conversion Factors 
 
As  arsenic  
BS  black smoke 
c  concentration 
C  damage cost [€/kg of pollutant] 
cair(x,q)  increase in concentration [µg/m3] at a point x = (x,y) due to the emission q 
CB  chronic bronchitis 
CO  carbon monoxide 
COPD  chronic obstructive pulmonary disease 
Cr VI  chromium in oxidation state 6 
CRF  concentration-response function 
DALY disability-adjusted life years 
DRF  dose-response function 
Duni  damage calculated by UWM 
E  exposure per emitted quantity of pollutant [receptors·(µg/m3)/(µg/s)] 
EC  European Commission  
EPA  Environmental Protection Agency of USA 
Fdep(x,q)  deposition flux [µg/(m2·s)]  
fpop  fraction of the population affected by the end point in question.  
HA  hospital admission 
Hg  mercury  
I(q)  impact rate [cases/yr], and 
Iref. baseline or reference level of incidence of the end point in question. 
LE  life expectancy 
LRS  lower respiratory symptoms 
mRAD  minor restricted activity day 
N  nitrogen 
Ni  nickel 
NMVOC  non-methane volatile organic compounds 
NOx  unspecified mixture of NO and NO2 
O3  ozone 
OR  odds ratio = output of case-control studies; in the limit of small risks 


(relevant for most air pollution impacts) the OR becomes equal to the RR 
p  unit cost [€/case] 
PAH  polycyclic aromatic hydrocarbons 
Pb  lead 
PM  particulate matter  
PMd  particulate matter with aerodynamic diameter smaller than d µm  
ppb  parts per billion  
q  emission rate of pollutant [kg/s], 
RS Research Stream 
RAD  restricted activity day 
RR  relative risk 
S  sulphur 
sCR  slope of CR function [cases/(person·yr·µg/m3)] 
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sCR(x)  slope of CRF at x [(cases/yr)/(receptor·(µg/m3))].  
TEQ  toxic equivalence 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
URF  unit risk factor = probability that a person of standard weight of 70 kg will 


develop cancer due to exposure (by inhalation) to a concentration of 1 µg/m3 
of a pollutant over a 70-year lifetime. 


URS  upper respiratory symptoms 
UWM  uniform world model 
vdep  deposition velocity [m/s] 
vdep,eff  effective deposition velocity, including chemical transformation [m/s] 
VOC  volatile organic compounds 
VOLY value of a life year (value of a YOLL) 
VPF value of a prevented fatality = VSL 
VSL  value of statistical life = VPF 
WDL  work day lost 
WHO  World Health Organization 
WTP  willingness-to-pay 
YOLL  years of life lost 
  
φ  ln(σg) 
µ  mean 
µg  geometric mean 
ρ(x)  density of receptors (population, buildings, crops, etc.) [receptors/m2] at x 
σ  standard deviation 
σg  geometric standard deviation 
ξ  ln(µg) 
 
1 ppb O3  = 1.997 µg/m3 of O3 
1 ppb NO2  = 1.913 µg/m3 of NO2 
1 ppm CO  = 1.165 mg/m3 of CO 
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