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Abstract

The connection between air pollution, originating from the burning of fossil fuels, and human health has been well established for several years. Public concern about the consequences of air pollution on health, rising oil prices and the climatic impact of fossil fuel
burning, has encouraged scientists to study these issues in more details. The combined problems of energy consumption and environmental safety in modern societies call for the need to develop new multi-disciplinary approaches and models considering the pos-
sible effects on human health and optimisation of the energy production/consumption and mitigation scenarios. The products from the Danish Centre of Energy Environment and Health (CEEH) will result in development of innovative energy production and con-
sumption scenario management/ modelling system. Such a system could be applicable for decision-making with respect to present and future conditions, including climate, weather, and air quality related impacts on human health.

Our research is a part of CEEH studies and focused on optimization of type of energy production and consumption with respect to environmental and health impact. It is a part of CEEH modelling framework. To achieve this goal two models are used. The first model
is BALMOREL - the Nordic power and district heating market model. The model takes into account explorative scenarios to open equal plausible energy futures based on variations in economic and social development, fuel prices and technological development.
This model is linear optimisation model of the energy system with minimising total yearly costs in the system. It constraints balance equations for power, heat, and hydrogen balances and limitations like resource limits (e.g. max available biomass resource).

The second model is the Danish Emergency Response Model for the Atmosphere (DERMA). It is off-line 3D Lagrangian long-range dispersion model using a puff diffusion and particle-size dependent deposition parameterisations; and having two options of integra-
tion - forward and backward in time. It can use different meteorological data from numerical weather prediction models, such as regional DMI-HIRLAM (HIgh Resolution Limited Area Model) and global ECMWF (European Centre for Medium-Range Weather Fore-
casts) models with various horizontal resolutions.

Background Integrated Modelling Framework DERMA
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Table 1 : Overview of the combination of CO, price and Figure 5: BALMOREL (a) Heat and power generation capacity
inclusion of externalities in the model runs. added during the simulation year; (b) CO, emissions
Runl Run2 Run3 Run4 Run5 Run6 from the heat and power generation in the simulation year
Externalities No Yes Yes Yes Yes No from different fuels (Baklanov et al., 2010).
CO,-price
ug/m3 (€/ton CO») 0 10 25 50 0 50

Sweden

1.75
1.25

The results of the optimisation process by means of BALMOREL with respect to the in- N
oss vestments in new technologies (Table 1) up till year 2030 are shown in Figure 5a. The Ny
o various runs differ according to the assumptions used: no inclusion of any externalities
0 in Run1, different CO, prices (10, 25, and 50 EUR/tonne) in runs 2 to 4 together with con-
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0 stant prices for other pollutants, no CO, charge in Run5, and only CO, charge of 50
065 EUR/tonne in Runé. All of them are based on the same fuel prices from WEO 2007 (IEA
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055 2007, http://www.iea.org/weo/2007.asp).

05 One can see how different technologies are favoured depending on the degree to
o which externalities are included and the corresponding price. For example, Run1 and
. Run5 (both do not include any CO, charge) contain investments in the coal-based tech-
026 nologies, but not wind. However, directly the opposite is valid whenever the CO,
o charge is in place. In Run6, which is characterised by the highest externality charges

014 even the expensive Carbon Capture and Storage technology are introduced. Denmark
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0 Emissions of CQZ dlﬁgr dramatlca!ly depen.dlng on thg run (see Figure 5b). The.mml— Figure 6 : Assessment (based on DERMA) of areas with high potential
Figure 3 : Annual average for: 0o mum value achieved in the Run4 is approximately 35 times lower than the maximum risk and vulnerability with respect to nine cities (receptors)
(a) carbon monoxide, (b) nitric dioxide, (c) sulphate, (d). nitrate observed in the Run1. Even though, no charge was applied for the CO, emission in the of Denmark (Copenhagen, Frederikssund, Helsinger, Hillerad,
for the year 2000 (based on HIRLAM+CAMx modelling). Run5, its level is considerably lower than in the worst case. Kage and Roskilde) and Sweden (Malmo, Landskrona and Lund).
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