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Abstract 

Sophisticated and complex air quality models belonging to the so-called “third 
generation of air quality modelling systems” are nowadays to be adapted and 
implemented into state-of-the-art computer cluster platforms which allow an 
operational use of the air quality modelling systems for forecasting applications. 
This type of application allows a full control “in advance” of the impact on air 
quality concentrations of the emissions produced by different emission sources. 
In this application, a combined cycle power plant is used. Large industrial 
emissions located in the surrounding areas of cities are a substantial and 
important part of air concentrations in the surrounding areas of the city and 
industrial plant. In this contribution we show the implementation of an adapted 
version of the MM5-CMAQ – PSU/NCAR and EPA (US) models – modelling 
system for a large combined cycle power plant located in the near Madrid city 
(Spain). The system is implemented in an 8 – node cluster platform        
(Pentium –IV, 3,4 GHz) to provide in real-time the impact of the different power 
groups on the O3, NOx, PM10, SO2 and CO air concentrations in accumulative 
mode and in forecasting mode for up to 72 hours in advance with a decision 
take-up period of about 16 hours. The air quality modelling system has been 
mounted over three model domains with 9 km, 3 km and 1 km spatial resolution 
respectively and 23 vertical layers (up to 100 mb) with a full emission model 
(EMIMO) to provide emissions in detail for these three areas covering up to 400 
x 400 km for the mother domain and 24 x 24 km for the 1 km spatial resolution 
model domain, all centered in the specific industrial plant (combined cycle 
power plant). The system called TEAP (EUREKA project)—a Tool to Evaluate 
the Air Quality Impact of Industrial Plants—allows one to quantify and qualify 
the impact of each individual power group (400 MW) in real-time and 
forecasting mode. As a consequence, the industrial plant and authorities have a 
period of time (≈  16 hours) to make the decision to switch off one power group 
or several, to minimize or avoid the possible exceedance of EU limits – as 
declared in the EU directives. The quantification of the impact of these possible 
exceedances of EU Directives due to the emissions produced by the power plant 
is essential to making decisions according to the daily forecasts.  
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1 Introduction 

The simulation of the atmospheric process has had an important advance because 
of the improvement of the science knowledge and also because of the 
improvement of the capability of the computational platforms. The computer 
power has increased substantially in the last years and the PC based platforms 
have reached high performance levels. The cluster approaches open new 
scenarios for many applications and particularly on the atmospheric dynamics 
simulations. The atmospheric models have also reached high sophisticated levels 
which include the simulation of the aerosol processes and cloud and aqueous 
chemistry.  These models include sophisticated land use information and 
deposition /emission models (San José et al. [7]). The atmospheric models 
include traditionally two important modules: a) meteorological modelling and b) 
transport/chemistry modules. These two modules work in a full complementary 
mode, so that; the meteorological module provides full 4D datasets (3D wind 
components, temperature and specific humidity) to the transport/chemistry 
modules. CPU time is mainly used for transport/chemistry (70–80 %). This 
modelling system require important initial and boundary data sets to simulate 
properly specific time periods and spatial domains, such as landuse data, digital 
elevation model data, global meteorological data sets, vertical chemical profiles 
and emission inventory data sets. In this experiment we have used AVN 
(NCEP/NOAA, USA) global meteorological information as input for the MM5 
meteorological model. The emission inventory for the proper spatial domain and 
for the specific period of time (at high spatial and temporal resolution) is 
possibly the most delicate input data for the sophisticated 
meteorological/transport/chemistry models. The accuracy of emission data is 
much lower than the accuracy of the numerical methods used for solving the 
partial differential equation systems (Navier–Stokes equations) for 
meteorological models and the ordinary differential equation system for the 
chemistry module [7]. Typical uncertainty associated to emission data is 
25–50%. However, in our application it is more important to see the relative 
impact of the industrial emissions in the mesoscale domain – where the tested 
industrial plant is located – than to quantify and qualify the absolute pollutant 
concentrations in the atmosphere. 
     The emission inventory is a model which provides in time and space the 
amount of a pollutant emitted to the atmosphere. In our case we should quantify 
the emissions due to traffic, domestic sources, industrial and tertiary sector and 
also the biogenic emissions in the three model domains with 9 km, 3 km and 
1 km spatial resolution mentioned above. The mathematical procedures to create 
an emission inventory are essentially two: a) Top-down and b) Bottom-up. In 
reality a nice combination of both approaches offers the best results. Because of 
the high non-linearity of the atmospheric system, due to the characteristics of the 
turbulent atmospheric flow, the only possibility to establish the impact of the part 
of the emissions (due to traffic or one specific industrial plant, for example) in 
air concentrations, is to run the system several times, each time with a different 
emission scenario.  
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     Examples of “state-of-the-art” meteorological models are: MM5 
(PSU/NCAR, USA), RSM (NOAA, USA), ECMWF (Redding, UK), HIRLAM 
(Finnish Meteorological Institute, Finland), etc. Examples of “state-of-the-art” of 
transport/chemistry models – also called “third generation of air quality 
modelling systems” – are: EURAD (University of Cologne, Germany), [9], 
EUROS (RIVM, The Netherlands), [5], EMEP Eulerian (DNMI, Oslo, Norway), 
MATCH (SMHI, Norrkoping, Sweden), [2], REM3 (Free University of Berlin, 
Germany), [10], CHIMERE (ISPL, Paris, France), [8], NILU-CTM (NILU, 
Kjeller, Norway), [3], LOTOS (TNO, Apeldoorm, The Netherlands), [6], DEM 
(NERI, Roskilde, Denmark), [4], STOCHEM (UK Met. Office, Bracknell, UK), 
[1]. In USA, CAMx Environ Inc., STEM-III (University of Iowa) and CMAQ 
(EPA, USA) are the most up-to-date air quality dispersion chemical models. In 
this application we have used the CMAQ model (EPA, USA) which is one of the 
most complete models and includes aerosol, cloud and aerosol chemistry. In this 
application we will implement the MM5-CMAQ modeling system with EMIMO 
model over a power plant located in the South area of Madrid Community. The 
power plant has 4 different 400 MW power groups and the cluster platform is 
designed in a way that it is possible to simulate the impact on air quality to 
disconnect a power group in accumulative way so that the 5th scenario 
corresponds to the full emission switch off for the whole power plant. Figure 1 
shows a scheme of the model domain architecture. 
 
 

 

Figure 1: MM5-CMAQ-EMIMO architecture for this application. 
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2 Results 

The system is running under daily basis providing air quality forecasts for the 
different scenarios. Before the system is implemented we carried out a 
calibration process to assure the quality of the results. Figures 2 and 3 show 
some comparisons between observed and modelled data. On the other hand in 
Figure 4 we observe a view of the power plant Internet interface to provide daily 
forecasts for environmental authorities. In Figure 5 we show an example of the 
impact of disconnecting the four 400 MW power groups in real-time at 20h00 on 
April, 7, 2005 for NO2. Finally in Figure 6 we see an example for the scenario 
OFF3 with the impact of disconnecting 3 different 400 MW power groups 
simultaneously at 18h00 on April 8, 2005. 
 
 
 

 

Figure 2: Comparison between observed and modeled NO concentrations in 
the Fuenlabrada 2 monitoring station. 
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Figure 3: Comparison between observed and modeled NO2 concentrations in 
Rivas Vaciamadrid monitoring station. 

 

Figure 4: Power plant Internet interface to provide daily forecasts for the air 
quality impact of different power plant operational conditions. The 
relative differences for the ON-OFF2 / ON (%) for the 3 km spatial 
resolution of the NO2 concentrations at 20h00 on April 8, 2005. 
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Figure 5: Relative differences (%) on NO2 concentrations between ON and 
OFF4 scenarios by using TEAP tool for this power plant (Spain). 

 

Figure 6: Relative differences between ON and OFF3 scenario in forecasting 
and real time mode on April 8, 2005 18h00 GMT for NO2 over the 
1 km spatial resolution domain for the TEAP application in this 
power plant. 
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3 Conclusions 

The TEAP tool has been applied over a 4 400 MW Spanish power plant located 
in the south area of Madrid. The results show that the TEAP tool provides an 
excellent performance for determining the air quality impact of the emissions 
corresponding to each 400 MW power groups. The system has just started to 
operate and is under the testing phase. 
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